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ABSTRACT
Objective To examine the comparative efficacy and 
complications of long- acting and intermediate- acting 
insulin for different patient characteristics for type 1 
diabetes mellitus (T1DM).
Design Systematic review and individual patient data 
(IPD) network meta- analysis (NMA).
Data sources MEDLINE, EMBASE and the Cochrane 
Central Register of Controlled Trials were searched through 
June 2015.
Eligibility criteria Randomised controlled trials (RCTs) 
on adults with T1DM assessing glycosylated haemoglobin 
(A1c) and severe hypoglycaemia in long- acting and 
intermediate- acting insulin regimens.
Data extraction and synthesis We requested IPD from 
authors and funders. When IPD were not available, we 
used aggregate data. We conducted a random- effects 
model, and specifically a one- stage IPD- NMA for those 
studies providing IPD and a two- stage IPD- NMA to 
incorporate those studies not providing IPD.
Results We included 28 RCTs plus one companion report, 
after screening 6680 titles/abstracts and 205 full- text 
articles. Of the 28 RCTs, 27 studies provided data for the 
NMA with 7394 participants, of which 12 RCTs had IPD on 
4943 participants. The IPD- NMA for A1c suggested that 
glargine once daily (mean difference [MD]=−0.31, 95% 
confidence interval [CI]: −0.48 to −0.14) and detemir once 
daily (MD=−0.25, 95% CI: –0.41 to −0.09) were superior to 
neutral protamine Hagedorn (NPH) once daily. NPH once/two 
times per day improved A1c compared with NPH once daily 
(MD=−0.30, 95% CI: –0.50 to −0.11). Results regarding 
complications in severe hypoglycaemia should be considered 
with great caution due to inconsistency in the evidence 
network. Accounting for missing data, there was no evidence 
of inconsistency and long- acting insulin regimens ranked 
higher regarding reducing severe hypoglycaemia compared 
with intermediate- acting insulin regimens (two- stage 
NMA: glargine two times per day SUCRA (Surface Under 
the Cumulative Ranking curve)=89%, detemir once daily 
SUCRA=77%; one- stage NMA: detemir once daily/two times 
per day SUCRA=85%). Using multiple imputations and IPD 
only, complications in severe hypoglycaemia increased with 

diabetes- related comorbidities (regression coefficient: 1.03, 
95% CI: 1.02 to 1.03).
Conclusions Long- acting insulin regimens reduced A1c 
compared with intermediate- acting insulin regimens and 
were associated with lower severe hypoglycaemia. Of the 
observed differences, only glargine once daily achieved a 
clinically significant reduction of 0.30%. Results should be 
interpreted with caution due to very low quality of evidence.
PROSPERO registration number CRD42015023511.

INTRODUCTION
A previous systematic review and network 
meta- analysis (NMA) showed that long- acting 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This systematic review with individual patient data 
network meta- analysis (IPD- NMA) followed the 
methods guidelines in the Cochrane Handbook, 
applied Confidence in NMA (CINeMA) to assess 
certainty of evidence, and reported findings using 
Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses (PRISMA) extensions for NMA 
and IPD meta- analysis.

 ⇒ Compared with the findings of our previous sys-
tematic review that only included aggregate data, 
the inclusion of IPD allowed us to increase certain-
ty in the treatment effects and include randomised 
controlled trials (RCTs) with non- reported published 
outcome data or participant characteristics.

 ⇒ Limitations of the NMA include the age of the includ-
ed RCTs, high risk of within- study bias, small- study 
effects in severe hypoglycaemia, and intransitivity 
because of sex and participant age.

 ⇒ IPD were available for fewer than half of the eligible 
RCTs from a single funder, highlighting potential re-
trieval bias.

 ⇒ The literature search was conducted 7 years ago, 
but obtaining IPD in a timely manner was very chal-
lenging; further eligible studies may have been pub-
lished since then.
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insulin (glargine, detemir) is superior to intermediate- 
acting insulin (neutral protamine Hagedorn (NPH), 
lente), providing better glycaemic control and reducing 
the occurrence of severe hypoglycaemia in patients with 
type 1 diabetes mellitus (T1DM).1 Also, evidence base on 
multiple study designs and any type of insulin (ultra- long, 
long, intermediate- acting and human/animal insulin) in 
adults with T1DM showed that both ultra- long- acting and 
long- acting insulin were superior to intermediate- acting 
insulin in reducing glycosylated haemoglobin (A1c).2 
However, the relative efficacy and safety of these formu-
lations for different patient subpopulations (eg, baseline 
A1c, diabetes- related comorbidities) are unknown.3–6 
Organisations including the American Diabetes Associ-
ation, Diabetes Canada and the European Association 
for the Study of Diabetes recommend tailoring insulin 
regimens according to an individual’s needs.7–9 However, 
there is a lack of high- quality evidence to support tailoring 
of insulin regimens to these characteristics. For example, 
a recent Cochrane review found detemir reduced severe 
hypoglycaemia compared with NPH and that there were 
no clinical differences between children and adults, but 
evidence was of moderate certainty.10

Standard NMAs use aggregate data (AD), that is, inter-
vention effects and associated CIs, usually obtained from 
primary study publications or authors. Alternatively, 
NMAs can use individual patient data (IPD) from each 
eligible study, specifically, data from each patient enrolled 
in the original study. There are multiple advantages with 
using IPD in NMA, such as adjusting and exploring 
treatment effect modifiers and including treatment- 
by- covariate interactions to allow for treatment effects 
to vary by patient- level characteristics. The use of IPD 
provides greater statistical power than AD to detect the 
effect of an interaction between treatment and covariate, 
particularly when patient- level covariates are of interest, 
avoids dichotomisation of continuous variables (eg, age) 
and decreases the chances of aggregation bias due to the 
use of group- level information in the analysis.11 12 An IPD- 
NMA allows for estimating treatment effects conditional 
on patient characteristics and particular populations, 
and can reduce heterogeneity and inconsistency between 
different sources of evidence in a network of randomised 
controlled trials (RCTs). Therefore, an IPD- NMA can 
provide more precise, confident and informative results 
compared with an AD NMA.13

Our previous systematic review with NMA using AD 1 
evaluated long- acting versus intermediate- acting insulin, 
but definitive conclusions could not be provided about 
whether the treatment effect changed for patients with 
different characteristics. To inform health professionals 
and clinical practice guidelines, we sought to examine 
the comparative efficacy and complications of different 
presentations of insulin regimens, that is, hypoglycaemic 
agents, for patients with T1DM with different character-
istics. In this systematic review, we informed our NMA 
using IPD, which allows for tailoring of results to specific 
patient characteristics.

METHODS
Protocol
Our protocol was prospectively registered (PROSPERO; 
registration # CRD42015023511) and published.14 Addi-
tional information is also provided in the online supple-
mental files 1 and 2. Below, we briefly summarise our 
methods.

We reported our findings using the Preferred Items 
for Systematic Reviews and Meta- analysis (PRISMA) 
statement for NMA of healthcare interventions, and the 
PRISMA extension to IPD.15 16

Eligibility criteria
We updated our previous systematic review1 of RCTs 
comparing long- acting versus other long- acting or 
intermediate- acting insulin regimens. Eligible studies 
were RCTs including adults with T1DM assessing A1c 
change and/or severe hypoglycaemia. A severe hypogly-
caemic event was defined as reported in the individual 
trials and generally included a medical emergency in 
which patients needed healthcare assistance to quickly 
ingest sugar or receive a glucose injection. We selected 
the A1c outcome, as it is a validated surrogate endpoint 
for reduction of cardiovascular complications.17 We 
selected the severe hypoglycaemic event outcome, as it 
is associated with significant use of healthcare resources 
and higher risk of mortality.18

Search strategy and study selection
Experienced librarians designed and ran our litera-
ture searches (LP, BS).1 The following databases were 
searched: MEDLINE, EMBASE and the Cochrane 
Central Register of Controlled Trials up to 16 June 2015. 
We scanned references of included studies and relevant 
reviews to identify additional relevant RCTs.

After conducting a pilot test on a random sample of 
RCTs, pairs of reviewers (FY, JDI, MG and PAK) screened 
titles, abstracts and full texts, independently. The same 
reviewers extracted data. Any conflicts were resolved 
through discussion. Overall, there was 90% agreement 
between reviewers during screening.

IPD collection process and data abstraction
Two individuals (a senior scientist ACT and a research 
assistant Susan Le) contacted authors to request IPD. 
Briefly, we followed the strategies outlined below. More 
details can be found in our RCT protocol.19 We sent (a) 
an email requesting IPD, (b) email reminders to the 
authors (four in total) at 2- week, 6- week, 10- week and 
14- week intervals after the initial email, (c) reminder 
letters in week 7 and (d) telephone reminders in week 
15. We offered coauthorship on our updated systematic 
review provided that the authors shared their anonymised 
IPD and met the International Committee of Medical 
Journal Editors (ICMJE) authorship criteria.20 Two indi-
viduals (AAV and Susan Le) also contacted funders of the 
eligible RCTs. If funding was not reported in an RCT, we 
confirmed funding with the original author (whom we 
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emailed during the RCT). We contacted industry funders 
after navigating the data sharing process through the 
relevant websites, online portals, email or phone inquiry. 
Two follow- up reminders were sent to the funders.

To retrieve IPD, we contacted the corresponding 
author for each trial and, if unsuccessful, followed with 
the next- in- order author, as described elsewhere.21 We 
also contacted all industry funders of RCTs.

We requested the following IPD: (a) participant char-
acteristics including participant age, sex, pregnancy 
status, baseline A1c level, presence of comorbid condi-
tions, history of hypoglycaemia, other medications used, 
patient retention along with reasons for drop- out and 
number of participants; (b) interventions, including 
treatment allocated, and dosage; (c) outcomes, A1c 
values and severe hypoglycaemia, including time to devel-
opment and measurement or event dates; and (d) study- 
level characteristics, such as year conducted and method 
of randomisation.

From each RCT, we extracted the following study char-
acteristics: year of publication, country and continent as 
reported or according to the first author, and journal in 
which the study was published. We categorised each RCT 
according to funding source: (1) industry- funded, (2) 
publicly funded, (3) mixed and (4) non- funded studies. 
For trials where IPD were not available, we also extracted: 
(a) patient characteristics: study size and percentage of 
men; (b) outcome data: study data (eg, events or mean 
and SDs and sample size per arm) and (c) treatments 
compared.

Risk of bias and quality appraisal
We used the Cochrane risk of bias tool to assess within- 
study bias,22 and checked consistency between the IPD 
and trial publications. We also checked baseline imbal-
ance for important characteristics across the treatment 
groups.

When at least 10 studies were available, small- study 
effects were examined visually using the comparison- 
adjusted funnel plot under the fixed- effect model.23 The 
NMA findings were assessed for each outcome using the 
CINeMA tool (Confidence in NMA; see online supple-
mental file 1 for more details).20

Synthesis
We described the characteristics of the included patients 
and treatments using frequencies and distributions. Since 
IPD were available through a single funder- specific plat-
form, we conducted a one- stage analysis for the retrieved 
IPD (12 studies). To include all eligible RCTs in the 
meta- analysis, we conducted a two- stage analysis, whereby 
each patient was analysed separately in each RCT in the 
first stage and then the RCT aggregate estimates were 
synthesised in a random- effects standard meta- analysis 
or NMA in the second stage (main analysis). We graph-
ically summarise the geometry of the included trials in a 
network plot.

One-stage analysis of trials providing IPD
We conducted a one- stage IPD- NMA based on data 
provided to us by trial funders and used a Bayesian 
approach adjusting for all of the available requested 
patient characteristics and including treatment- by- 
covariate interactions.24 We considered two different 
assumptions regarding the treatment- by- covariate inter-
actions: (a) independent regression coefficients per 
study and treatment comparison (ie, assuming that all 
treatment- by- covariate interactions are different for each 
treatment vs the control), and (b) identical regression 
coefficients across studies and comparisons (ie, assuming 
that all treatment- by- covariate interactions are common 
for each treatment vs the control). Assuming identical 
regression coefficients assumption is a strong assumption 
but is a less data- demanding approach compared with the 
independent regression coefficients assumption, where 
the number of parameters increases in the model per 
treatment comparison.25 26 Our IPD analyses are based 
on the intention- to- treat principle including patients 
who had been previously excluded from a trial’s analyses 
where data were available. We also used imputation tech-
niques as described in online supplemental appendix 1.

Two-stage analysis
For those studies providing IPD, we fitted a logistic 
regression model for severe hypoglycaemia and a linear 
regression model for A1c within the funder’s portal to 
get adjusted treatment effects. We conducted a two- stage 
analysis for IPD only, as well as combined adjusted IPD 
with AD treatment effects in a standard meta- analysis or 
NMA model (main analysis) using a frequentist approach. 
We included patient- level covariates with main terms in 
the model including all of the available requested patient 
characteristics. Unadjusted estimates from retrieved IPD 
and AD were also combined in a joint NMA model as a 
subsequent analysis.

A common- within network between- study variance 
was assumed across comparisons for all NMA models.27 
We estimated the between- study variance (τ2) using the 
DerSimonian and Laird28 method for the two- stage anal-
yses and used a τ~U(0,2) prior to the one- stage analyses. 
We compared τ2 with the relevant distributions provided 
by Turner et al29 and Rhodes et al30 to assess heterogeneity. 
We calculated I2 on the combined IPD and AD NMA, to 
quantify overall heterogeneity and inconsistency.

We visually inspected similarity of the distribution of 
prespecified effect modifiers, such as age and sex, across 
treatment comparisons to assess for transitivity.31–33 Consis-
tency was assessed globally and locally with the design- by- 
treatment interaction model34 35 and the loop- specific 
method,36 37 respectively. We monitored changes in 
between- study heterogeneity and network inconsistency 
using subgroup NMA and network meta- regression anal-
yses on the prespecified potential effect modifiers. More 
details are provided in online supplemental appendix 1.

We present the summary OR and mean difference 
(MD) along their corresponding 95% CIs and predictive 
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intervals (PIs).38 We assessed all MDs using the minimal 
clinically important difference (MCID), adopting a cut- off 
point greater than 0.3039 percentage units (U.S. Food and 
Drug Administration [FDA] considered a clinically mean-
ingful threshold of 0.30 or 0.40). We ranked the inter-
ventions under the consistency assumption using p- scores 
and the surface under the cumulative ranking curves 
(SUCRAs), and present them in a rank- heat plot.40–42 The 
SUCRA is the numerical summary of the rank distribution 
for each treatment, with range 0%–100%, where 100% 
reflects the best treatment and 0% the worst treatment. 
A frequentist statistic equivalent to the SUCRA statistic 
is the p- score statistic. All analyses were conducted in 
the RStudio43 using R V.3.6.2 and V.3.4.3 (available in 
funder’s platform) and the R2jags,44 meta45 and netmeta46 
packages, respectively.

Patient and public involvement
Not applicable.

RESULTS
Literature search, study selection and IPD obtained
We screened 6680 titles and abstracts and 205 full- text 
articles. We included 29 trials (28 unique studies and 1 
companion report; figure 1A and online supplemental 
appendix 2).

Of the 28 RCTs, 23 were industry funded, 22 were 
funded by one industry funder and 1 RCT jointly by 
two industry funders. Of the remaining studies, two 
were publicly funded and three did not report funding 

information. None of the authors of the 28 RCTs (7428 
participants) and the identified companion report47 
shared their study IPD.21 We contacted two funders 
for these RCTs. We requested data for 15 RCTs (5052 
participants) from Novo Nordisk and obtained IPD for 
12 RCTs (4943 participants), shared data through a 
proprietary- specific platform after 1058 total waiting days 
for a response (up to 9 March 2020; online supplemental 
appendix 3). The supplied IPD included data for severe 
hypoglycaemia, which were not reported in a published 
RCT.48 We contacted Sanofi- Aventis for nine studies, but 
none of the IPD were provided. Figure 1B shows the study 
flow for retrieving IPD.

Study and patient characteristics
The mean age of patients across the 28 trials ranged from 
26 to 47 years. The majority of the RCTs were conducted 
in Europe or Oceania and included patients with A1c 
ranging from 6.85% to 9.70% (table 1 and online supple-
mental appendix 4). Study duration (defined from first 
patient recruited to last patient followed up) ranged 
between 10 and 19 years (online supplemental appendix 
5). Across RCTs with available IPD, we observed no imbal-
ance in participant characteristics in the intervention 
and comparison groups (online supplemental appendix 
6). For studies that were industry funded, we found that 
smaller studies and studies of populations with lower 
baseline A1c were less likely to supply IPD (study size, 
studies with no supplied IPD: median 68 participants, 
IQR 47–147 participants, studies with supplied IPD: 

Figure 1 Flow diagram for study inclusion in the review (A) and studies retrieved with individual patient data (IPD) (B). NPH, 
neutral protamine Hagedorn; T1DM, type 1 diabetes mellitus.
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median 400 participants, IQR 288–468 participants; and 
A1c baseline, studies with no supplied IPD: median 7.68, 
IQR 7.11–7.93, studies with supplied IPD: median 8.14, 
IQR 7.92–8.35) (online supplemental appendix 7). Non- 
industry- funded studies did not supply IPD.

Risk of bias and IPD integrity
Based on the publication of the 28 RCTs, at a high risk 
of bias were 3 (11%) for allocation concealment and 21 
(75%) for blinding of participants and personnel (online 

supplemental appendix 8). Ten (36%) RCTs had an 
unclear or high risk of incomplete outcome data bias and 
16 (57%) RCTs had a high potential risk of ‘other’ bias. 
Overall risk of bias was comparable in studies with avail-
able and unavailable IPD (online supplemental appendix 
8).

Overall, IPD were consistent with results from published 
RCTs (online supplemental appendix 9). The median 
dropout rate in IPD was 6% (IQR 3%–9%). No detec-
tion of publication bias was observed in the comparison- 
adjusted funnel plot for A1c, but small- study effects 
were detected in the finding of severe hypoglycaemia 
pointing towards NPH being better (online supplemental 
appendix 10).

Network meta-analysis
In total, 27 studies (7394 participants) provided eligible 
data for the NMA. No evidence for intransitivity was 
observed in A1c or severe hypoglycaemia outcomes 
regarding study duration and A1c baseline (online 
supplemental appendix 11). However, the distribution 
of sex differed between the comparison NPH once daily 
versus detemir once daily (mean per cent male: 73%) 
and the remaining network (mean per cent male: 52%) 
in A1c. Although the distribution of the year of publica-
tion was on average similar across all comparisons in the 
A1c network, an imbalance was evident in severe hypogly-
caemia for the treatment comparison glargine once daily 
versus NPH once/two times per day that included studies 
published before 2005 compared with the remaining 
network. While no inconsistency was detected between 
direct and indirect evidence for A1c, evidence of inconsis-
tency was found for severe hypoglycaemia (online supple-
mental appendix 12). Figure 2 shows the network plots 
for the two outcomes.

Glycosylated haemoglobin (A1c)
The NMA for A1c included 27 RCTs with 8 treatment 
nodes and 7394 participants, of which 12 RCTs (4943 
participants) contributed IPD.

Network of studies with aggregate and fully adjusted treatment 
effect estimates from IPD
All available treatment options were included in this 
network. Glargine once daily reduced A1c compared 
with NPH once daily (MD=−0.31, 95% CI: −0.48 to −0.14) 
and NPH four times a day (MD=−0.40, 95% CI: −0.76 
to −0.04). NPH once daily/two times per day improved 
A1c compared with NPH four times a day (MD=−0.40, 
95% CI: −0.77 to −0.02). Detemir once daily (MD=−0.25, 
95% CI: −0.41 to −0.09) and NPH once daily/two times 
per day (MD=−0.30, 95% CI: −0.50 to −0.11) were supe-
rior to NPH once daily (table 2 and online supplemental 
appendix 13). Glargine once daily and NPH once daily/
two times per day achieved an MCID. However, results 
were imprecise according to PIs only for glargine once 
daily versus NPH once daily.

Table 1 Study and patient characteristics

All unique 
studies in the 
systematic 
review
(N=28)

Studies with 
available IPD
(N=12)

Total # of participants 7428 4943

Sample size (range) 20–747 130–747

Year of publication (range) 2000–2015 2003–2013

Treatment period in weeks 
(range)

4–104.35 16–104.35

Mean % of female (range) 45.14
(0–100)

48.08
(21–100)

Mean age in years (range) 38
(26–47)

39
(30–42)

Mean A1c in % (range) 7.97
(6.93–9.45)

8.14
(7.02–8.85)

Mean duration of T1DM in years 
(range)

15.29
(10.00–18.55)

15.90
(12.25–17.25)

Study conducted in: frequency (%)*

  Africa 3 (10.71) 3 (25.00)

  Asia 1 (3.57) 1 (8.33)

  Oceania 21 (75.00) 11 (91.67)

  Europe 6 (21.43) 5 (41.67)

  North America 4 (14.29) 1 (8.33)

  South America 1 (3.57) 1 (8.33)

  Not reported 1 (3.57) 1 (8.33)

Interventions examined: frequency (%)*

  Detemir 16 (57.14) 12 (100.00)

  Glargine 16 (57.14) 2 (16.67)

  NPH 22 (78.57) 9 (75.00)

Outcomes reported: frequency (%)*

  A1c 28 (100.00) 12 (100.00)

  Severe hypoglycaemia† 21 (78.57) 10 (83.33)

Funding (%)

  Industry funded 23 (82.14) 12 (100.00)

  Publicly funded 2 (7.14) –

  Not reported 3 (10.71) –

– means not applicable.
*Multiple countries, interventions and outcomes reported per study.
†Includes serious and major hypoglycaemia. Four studies included 
zero events in all arms and were excluded from the analysis.
A1c, glycosylated haemoglobinIPD, individual patient data; NPH, 
neutral protamine Hagedorn; T1DM, type 1 diabetes mellitus.
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Long- acting analogues were likely superior to 
intermediate- acting insulin regimens with detemir four 
times a day (p- score=71%) having the greatest likelihood 
of being the most effective in improving A1c followed by 
glargine once daily and detemir once daily/two times per 
day (p- score=67%, figure 3A).

Network of studies with fully adjusted treatment effect estimates 
from IPD
Studies in this two- stage NMA compared detemir once 
daily, once daily/two times per day and four times a 
day, glargine once daily, and NPH once daily and once 
daily/two times per day. Detemir once daily ranked best 
(p- score=76%), followed by detemir once daily/two times 
per day (p- score=63%; online supplemental appendix 
14). However, results were imprecise.

Network of studies with AD
Studies in this NMA compared all available treatments. 
NPH once daily/two times per day improved A1c 
compared with NPH once daily (MD=−0.30 95% CI: −0.48 
to −0.12) and NPH four times a day (MD=−0.40, 95% CI: 
−0.76 to −0.04). Although results were associated with 
an MCID, they were imprecise according to PIs apart 
from the comparison NPH once daily/two times per day 
versus NPH once daily. The most effective treatments 
were most likely detemir once daily/two times per day 
(p- score=78%) and glargine once daily (p- score=68%).

Additional analyses: network of studies with AD and treatment 
effect estimates from IPD
The analyses using crude IPD and AD suggested that NPH 
once daily/two times per day improved A1c compared 

with NPH once daily (MD=−0.30 95% CI: −0.49 to −0.12) 
and NPH four times a day (MD=−0.40, 95% CI: −0.76 
to −0.04) (online supplemental appendix 14). Results 
were also associated with an MCID. The most efficacious 
treatment was likely detemir once daily/two times per 
day (p- score=71%). Excluding the nodes with insulin 
regimen four times a day from the network, detemir once 
daily/two times per day (p- score=65%) and glargine once 
daily (p- score=65%) ranked best. In contrast to studies 
with serious overall risk of bias, studies without serious 
overall risk of bias suggested no difference between NPH 
once daily/two times per day and NPH four times a day 
(MD=−0.21 95% CI: −0.67 to 0.25). Adjusting for differ-
ences in baseline A1c, sex, RCT duration and age, NPH 
once daily and four times a day were the least effective 
treatments. However, the treatment effect for A1c did 
not significantly change with a unit increase in any of the 
aforementioned potential effect modifiers.

Additional analyses: network of studies with treatment effect 
estimates from IPD
Studies in the one- stage NMA of studies with IPD only 
compared detemir once daily, two times per day, once 
daily/two times per day and four times a day, glargine once 
daily, and NPH once daily, two times per day, once daily/
two times per day (online supplemental appendix 15). 
Detemir two times per day ranked best (SUCRA=67%), 
followed by detemir once daily/two times per day 
(SUCRA=66%). However, results were imprecise (online 
supplemental appendix 15). Analyses using IPD only esti-
mated detemir once daily and two times per day as two 
of the best insulin regimens. This agreed with sensitivity 

Figure 2 Network diagrams for (A) A1c and (B) severe hypoglycaemia outcomes. Each node and line are weighted according 
to the number of studies. Numerical values represent the number of studies per treatment comparison overall and with 
individual patient data (IPD). Orange- coloured edges include at least one study with available IPD, and black- coloured edges 
include aggregate data only. A1c, glycosylated haemoglobin; bid, two times per day; NPH, neutral protamine Hagedorn; od, 
once daily; qid, four times a day.
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Table 2 NMA results in A1c and severe hypoglycaemia

A1c Severe hypoglycaemia*

Treatment 
comparison NMA model

Mean difference 
(95% CI)

Heterogeneity
(τ2) P- score

OR
(95% CI)

Heterogeneity
(τ2) P- score

Detemir (once daily/two times per day) vs NPH (once daily/two times per day)

AD+IPD adjusted −0.01 (−0.11 to 0.10) 0.01 0.67 0.71 (0.49 to 1.04) 0.11 0.42

AD+IPD crude −0.01 (−0.12 to 0.10) 0.01 0.71 0.75 (0.53 to 1.05) 0.12 0.39

AD −0.03 (−0.13 to 0.07) 0.01 0.78 0.70 (0.47 to 1.05) 0.18 0.49

IPD adjusted −0.01 (−0.09 to 0.07) 0.00 0.63 0.77 (0.58 to 1.03) 0.00 0.97

IPD crude −0.02 (−0.10 to 0.07) 0.00 0.56 0.79 (0.60 to 1.03) 0.03 0.94

Detemir (once daily) vs NPH (once daily/two times per day)

AD+IPD adjusted 0.05 (−0.14 to 0.25) 0.01 0.50 0.30 (0.07 to 1.37) 0.11 0.79

AD+IPD crude 0.10 (−0.08 to 0.28) 0.01 0.41 0.30 (0.07 to 1.37) 0.12 0.80

AD 0.10 (−0.07 to 0.28) 0.01 0.40 0.32 (0.06 to 1.63) 0.18 0.78

IPD adjusted −0.05 (−0.24 to 0.13) 0.00 0.76 – – –

IPD crude −0.09 (−0.28 to 0.11) 0.00 0.78 – – –

Detemir (four times a day) vs NPH (once daily/two times per day)

AD+IPD adjusted −0.03 (−0.33 to 0.26) 0.01 0.71 0.75 (0.27 to 2.06) 0.11 0.36

AD+IPD crude −0.02 (−0.34 to 0.30) 0.01 0.69 0.76 (0.28 to 2.07) 0.12 0.36

AD 0.01 (−0.28 to 0.30) 0.01 0.64 1.18 (0.39 to 3.59) 0.18 0.18

IPD adjusted 0.03 (−0.30 to 0.36) 0.00 0.52 2.45 (0.75 to 8.01) 0.00 0.15

IPD crude −0.01 (−0.37 to 0.34) 0.00 0.52 1.84 (0.59 to 5.76) 0.03 0.18

Glargine (two times per day) vs NPH (once daily/two times per day)

AD+IPD adjusted 0.00 (−0.38 to 0.37) 0.01 0.63 0.11 (0.00 to 2.50) 0.11 0.84

AD+IPD crude 0.00 (−0.37 to 0.36) 0.01 0.65 0.11 (0.00 to 2.48) 0.12 0.85

AD 0.00 (−0.37 to 0.36) 0.01 0.65 0.10 (0.00 to 2.32) 0.18 0.87

IPD adjusted – – – – – –

IPD crude – – – – – –

Glargine (once daily) vs NPH (once daily/two times per day)

AD+IPD adjusted 0.00 (−0.11 to 0.10) 0.01 0.67 0.67 (0.39 to 1.14) 0.11 0.45

AD+IPD crude 0.00 (−0.11 to 0.10) 0.01 0.68 0.66 (0.39 to 1.12) 0.12 0.47

AD 0.00 (−0.11 to 0.10) 0.01 0.68 0.70 (0.38 to 1.30) 0.18 0.48

IPD adjusted 0.06 (−0.23 to 0.34) 0.00 0.41 2.19 (0.77 to 6.25) 0.00 0.25

IPD crude 0.01 (−0.27 to 0.29) 0.00 0.45 1.60 (0.62 to 4.15) 0.03 0.30

NPH (once daily) vs NPH (once daily/two times per day)

AD+IPD adjusted 0.30 (0.11 to 0.50) 0.01 0.11 0.49 (0.10 to 2.50) 0.11 0.51

AD+IPD crude 0.30 (0.12 to 0.49) 0.01 0.11 0.48 (0.10 to 2.46) 0.12 0.52

AD 0.30 (0.12 to 0.48) 0.01 0.11 0.54 (0.09 to 3.16) 0.18 0.50

IPD adjusted 0.18 (−0.07 to 0.42) 0.00 0.12 – – –

IPD crude 0.08 (−0.17 to 0.32) 0.00 0.24 – – –

NPH (four times a day) vs NPH (once daily/two times per day)

AD+IPD adjusted 0.40 (0.02 to 0.77) 0.01 0.07 – – –

AD+IPD crude 0.40 (0.04 to 0.76) 0.01 0.07 – – –

AD 0.40 (0.04 to 0.76) 0.01 0.07 – – –

IPD adjusted – – – – – –

IPD crude – – – – – –

NPH (once daily/two times per day) (reference)

Continued
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analyses on prior to between- study variance, imputation 
methods, and crude or fully adjusted IPD. Across all 
adjusted IPD analyses, A1c baseline was positively and 
clinically importantly associated with the treatment effect. 
The multiple imputation by chained equations suggested 
that detemir once daily/two times per day best improved 
A1c. However, results were imprecise due to the sparsity 
of the network.

Heterogeneity across all analyses was low according 
to the empirical distribution (median 0.03, 95% range: 
0.00 to 4.95) by Rhodes et al.30 On average, confidence 
in NMA results was moderate and ranged between low 
and high across treatment comparisons in the network 
(online supplemental appendix 15).

Severe hypoglycaemia
The NMA for severe hypoglycaemia included 17 RCTs 
with 8 treatment nodes and 6438 participants, of which 10 
RCTs (4436 participants) contributed IPD. Four studies 
included zero events in all arms and were excluded from 
the analysis.49–52 Study definitions on severe hypogly-
caemia are provided in online supplemental appendix 16. 
The average time to at least one serious hypoglycaemic 
event across studies with available IPD ranged between 21 
and 272 days (online supplemental appendix 17).

A1c Severe hypoglycaemia*

Treatment 
comparison NMA model

Mean difference 
(95% CI)

Heterogeneity
(τ2) P- score

OR
(95% CI)

Heterogeneity
(τ2) P- score

AD+IPD adjusted – 0.01 0.64 – 0.11 0.12

AD+IPD crude – 0.01 0.67 – 0.12 0.12

AD – 0.01 0.66 – 0.18 0.20

IPD adjusted – 0.00 0.56 – 0.00 0.63

IPD crude – 0.00 0.45 – 0.03 0.58

Two- stage NMA analysis results are presented for (1) AD and fully adjusted results from studies with IPD, (2) AD and crude results from studies with 
IPD, (3) crude AD, (4) fully adjusted results from studies with IPD, (5) crude results from studies with IPD.
*The consistency assumption did not hold in any of the NMA analyses including AD alone or in combination with IPD.
A1c, glycosylated haemoglobin; AD, aggregate data; IPD, individual patient data; NMA, network meta- analysis; NPH, neutral protamine Hagedorn.

Table 2 Continued

Figure 3 Rank- heat plot of p- scores for (A) A1c and (B) severe hypoglycaemia. Circles from inside out present results for two- 
stage network meta- analyses including: (1) fully adjusted results from studies with individual patient data (IPD), (2) crude results 
from studies with IPD, (3) crude aggregate data (AD), (4) AD and crude results from studies with IPD, (5) AD and fully adjusted 
results from studies with IPD. A1c, glycosylated haemoglobin; bid, two times per day; NPH, neutral protamine Hagedorn; od, 
once daily; qid, four times a day.
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Network of studies with AD and fully adjusted treatment effect 
estimates from IPD
Studies in this NMA compared all available treatments. 
Although glargine two times per day (p- score=84%) 
and detemir once daily (p- score=78%) had the highest 
ranking score with the least complications regarding 
severe hypoglycaemia (table 2, figure 3B and online 
supplemental appendix 13), results were imprecise, and 
the network of evidence was inconsistent. Thus, these 
observations should be interpreted with great caution. 
Estimated ORs for direct and indirect evidence of the 
comparisons detemir once daily/two times per day versus 
glargine once daily, and glargine once daily versus NPH 
once daily/two times per day pointed to the opposite 
direction (online supplemental appendix 18). These 
results were explored further in additional analyses (see 
also online supplemental appendix 14 and 19).

Network of studies with fully adjusted treatment effect estimates 
from IPD
Studies in this two- stage NMA compared detemir two 
times per day, once daily/two times per day and four times 
per day, glargine once daily, and NPH two times per day 
and once daily/two times per day (online supplemental 
appendix 19). Detemir once daily/two times per day 
ranked best among all insulin regimens (SUCRA=97%, 
online supplemental appendix 14). Although heteroge-
neity decreased to I2=0%, results were imprecise and firm 
conclusions could not be drawn. The network included 
no loops, and inconsistency could not be assessed.

Network of studies with AD
Studies in this NMA compared all available treatments. 
Similar to NMA of adjusted IPD and AD, despite glargine 
two times per day (p- score=87%) and detemir once daily 
(p- score=78%) had the highest likelihood of causing the 
least complications for severe hypoglycaemia (online 
supplemental appendix 14), direct and indirect evidence 
in the network were inconsistent. Hence, results should 
be considered with great caution.

Additional analyses: network of studies with AD and treatment 
effect estimates from IPD
The analyses using crude IPD and AD agreed with the 
main analysis (adjusted IPD and AD), but different 
sources of evidence in the network were still inconsis-
tent. Subsequent analyses using adjusted IPD and AD did 
not explain inconsistency in the evidence network. Only 
sensitivity analysis accounting for missing data and using 
AD to apply the informative missingness OR showed no 
evidence of inconsistency in the network, which may 
suggest that missing data impact on consistency between 
direct and indirect evidence. Of the 17 studies with AD, 16 
reported the number of dropouts with median dropout 
rate 3% (IQR 2%–10%) across groups. Heterogeneity was 
comparable with the main analysis (τ2=0·14), and glargine 
two times per day (SUCRA=89%) and detemir once daily 
(SUCRA=77%) were most likely the insulin regimens with 

the least complications regarding severe hypoglycaemia. 
However, results were imprecise.

Additional analyses: network of studies with treatment effect 
estimates from IPD
Studies in the one- stage NMA of studies with IPD only 
(crude or fully adjusted) compared detemir two times per 
day, once daily/two times per day and four times a day, 
glargine once daily, and NPH two times per day and once 
daily/two times per day (online supplemental appendix 
19). Analyses suggested that detemir once daily/two times 
per day was the insulin regimen with least complications 
in severe hypoglycaemia. The network included no loops, 
and inconsistency could not be assessed. Accounting for 
missing data and adjusting for potential effect modifiers 
in the one- stage NMA, we found that the likelihood of 
experiencing a severe hypoglycaemic event increased with 
diabetes- related comorbidities (regression coefficient in 
sensitivity analysis with multiple imputations: 1.03, 1.02–
1.03; online supplemental appendix 19). The credibility 
of claimed effect modifications remains limited.

Heterogeneity across all analyses was moderate 
compared with the Turner et al29 empirical distribution 
(median 0.04, 95% range: 0.00 to 1.58). Confidence 
in the NMA results was very low (online supplemental 
appendix 15).

DISCUSSION
In this review, we evaluated efficacy and complications 
from each type of long- acting versus intermediate- acting 
insulin regimens for patients with T1DM for the outcomes 
A1c and severe hypoglycaemia using studies with both 
AD and IPD. Our results showed that long- acting insulin 
regimens were more efficacious for reducing A1c than 
intermediate- acting insulins. Among the intermediate- 
acting insulin regimens, we found that NPH once daily/
two times per day performed best. Despite the higher effi-
cacy of the long- acting insulin regimens, of the observed 
differences only glargine once daily achieved an MCID. 
Overall, NMA results were imprecise with moderate 
confidence.

Long- acting insulin analogues were associated with 
lower severe hypoglycaemia. Patients receiving glargine 
two times per day were less likely to experience a hypogly-
caemic event, followed by detemir once daily and detemir 
once daily/two times per day. Our results were imprecise, 
yet our findings showed that among all insulin regimens, 
the therapy with the most complications regarding severe 
hypoglycaemia was NPH once daily/two times per day. 
Adjusting for differences by study or patient characteris-
tics, including sex, RCT duration and age, we found that 
severe hypoglycaemia occurred less often for patients 
receiving long- acting versus intermediate- acting insulin 
regimens. Also, our NMA accounting for missing data 
showed that the likelihood of severe hypoglycaemic 
events was associated with diabetes- related comorbidi-
ties. However, results on severe hypoglycaemia should 
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be interpreted with caution due to very low quality of 
evidence, including network inconsistency, imprecision 
and potential reporting bias.

To our knowledge, this is the first IPD- NMA of long- 
acting and intermediate- acting insulin regimens for 
patients with T1DM. We were able to obtain IPD for 43% 
of RCTs and 67% of known randomised participants from 
a single funder. Data sharing was indeed disappointing. 
We followed the methods guidelines in the Cochrane 
Handbook,53 applied the CINeMA tool,20 and reported 
in accordance with the PRISMA extensions for NMA and 
IPD meta- analysis.15 16 Compared with the findings of our 
previous systematic review,1 including IPD allowed us to: 
(a) increase certainty in the treatment effect estimates; 
for example, glargine once daily was superior to NPH 
once daily, and NPH once daily and four times a day were 
inferior to NPH once daily/two times per day, in regard 
to A1c; (b) include trials that we previously were unable 
to include since outcome data were not reported in their 
publication54; (c) explore for treatment- by- covariate 
interactions that were not reported in the original publi-
cations (eg, comorbidities, additional medications); and 
(d) observe minor differences between published results 
and reanalysis of IPD (most likely because we adopted the 
intention- to- treat principle, whereas RCTs excluded some 
patients from their published analyses). It should be 
noted that NPH or detemir four times a day is not a label 
recommendation and should be administered once daily 
or two times per day; however, in this systematic review, 
we only report the eligible studies and what they applied.

There are some limitations in this study. First, we were 
able to include IPD for fewer than half of the eligible 
RCTs, highlighting potential retrieval bias for IPD. Empir-
ical evidence shows that it is inevitable to obtain only 
part of the requested IPD from the RCTs included in a 
systematic review.21 55–57 Unavailable IPD can be in part 
of a study dataset (eg, missing information on a specific 
outcome or participant characteristics) or in a whole 
study. However, as shown in simulation studies,58 the use 
of both IPD and AD in the same model has improved 
precision in treatment effects and power to detect a true 
treatment effect. A key advantage of using IPD (over 
AD alone) is the potential to improve completeness and 
validity of data in each RCT, and hence reduce bias due 
to reporting in publication. Second, the available IPD did 
not allow analyses that could have informed personalisa-
tion of medicine, tailoring insulin regimens to the indi-
vidual’s characteristics (ie, lifestyle, diet, general health, 
motivation, hypoglycaemia awareness status and ability 
for self- management), as planned in our protocol due 
to absence of these data.3–6 To inform guideline recom-
mendations, future RCTs should collect data that will 
enable tailor efficacy and complications of long- acting 
and intermediate- acting insulin regimens to these char-
acteristics. Third, the comparison- adjusted funnel plot 
for severe hypoglycaemia suggested there is an indication 
for small- study effects pointing to NPH being better, and 
hence results should be interpreted with caution. Fourth, 

the network of evidence for severe hypoglycaemia was 
inconsistent. The network was only consistent when we 
accounted for missing data in the analysis, suggesting that 
attrition bias may explain disagreement between direct 
and indirect evidence. Other potential reasons for incon-
sistency may include the presence of small- study effects, 
and the intransitivity due to the imbalance in the distribu-
tion of publication year across treatment comparisons. In 
particular, the treatment comparison glargine once daily 
versus NPH once daily/two times per day was informed by 
studies published before 2005. It should be noted that in 
2005, the ICMJE made registration of clinical trials oblig-
atory.59 Hence, we expect that there are differences in the 
tactic and quality of studies published before and after 
2005. Intransitivity was also observed in A1c regarding sex. 
Fifth, on average, confidence in NMA findings in A1c was 
moderate, which was due to the high risk of within- study 
bias, imprecision and heterogeneity across studies. Confi-
dence in the network of severe hypoglycaemia was very 
low, because of high risk of within- study and reporting 
bias, imprecision and incoherence. Sixth, the literature 
search was conducted 7 years ago, and further eligible 
studies may have been published. However, obtaining 
IPD in a timely manner was very challenging (eg, 740 
days were required to access IPD from initial inquiry). 
Seventh, in this review, we included the long- acting 
insulins glargine and detemir, but we did not identify 
studies assessing the (ultra)long- acting insulin degludec. 
However, it should be considered that degludec was only 
approved in September 2015 by the FDA and in August 
2017 by Health Canada, and our literature search was 
conducted in June 2015. Eighth, we considered studies 
by De Leeuw et al60 and Vague et al61 as two independent 
studies, while these publications report on the same RCT. 
However, the contribution of the Vague et al61 study to 
the network estimates was on average 1.81% to the A1c 
treatment effect estimates and 1.27% to the severe hypo-
glycaemia treatment effect estimates, suggesting that the 
findings of this study only minimally impacted the NMA 
findings.20

We expect that our findings will be of interest to patients, 
health professionals and other end- users, such as the 
American Diabetes Association and Diabetes Canada, the 
European Association for the Study of Diabetes and other 
national and international organisations. To optimise 
healthcare for patients with T1DM, high- quality and well- 
conducted RCTs measuring patient- important outcomes 
including glycaemic variability and time- in- range are of 
immediate need, particularly in low/middle- income 
countries.62 Also, sharing of IPD from such future trials 
and those RCTs already completed is crucial to decrease 
the uncertainty surrounding our findings and facilitating 
tailored decision- making. Our study showed that industry- 
funded studies shared IPD for large RCTs (>200 patients) 
with patients of poor control of A1c baseline (>8%). IPD 
retrieval is not yet well established in the field of T1DM. 
We need to advocate to ensure that scientists have routine 
access to these data for reanalysis and meta- analysis.
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Appendix 1: Additional information on the methods used in the systematic review 

Certainty of the evidence  

The Confidence in Network Meta-Analysis (CINeMA) tool was used to evaluate confidence in the NMA 

estimates.9 CINeMA includes six domains: 1) within-study bias, 2) reporting bias, 3) indirectness, 4) imprecision, 

5) heterogeneity, and 6) incoherence. We evaluated the domains with scores ‘no concerns’, ‘some concerns’ and 
‘major concerns’. We applied the overall risk of bias per RCT, and the average risk of bias per treatment 

comparison. The average indirectness was also used across treatment comparisons. Reporting bias was assessed 

using the comparison-adjusted funnel plot. For imprecision, we considered a MD=0.5 and a OR=1 as a minimally 

clinically important effect size for A1c and severe hypoglycaemia, respectively.  

Statistical analysis 

We performed a descriptive analysis for each outcome. We used frequencies and percentages of the 

discrete characteristics and means and standard deviations of the continuous patient characteristics per outcome 

and treatment group. We compared discrete variables between treatment groups using the chi-square test and 

continuous variables using the t-test or test of Welch depending on the equality of variance between the two 

groups. The characteristics we considered in each study included: 

- Age,  

- Sex,  

- Pregnancy,  

- A1c baseline,  

- Diabetes duration,  

- Comorbidity conditions, as per the following:  

(1) Concurrent comorbidities 

a) Diabetes related complications 

i) Macrovascular: coronary, cerebral, peripheral 

ii) Microvascular: retinopathy, nephropathy, neuropathy 

iii) Other: foot ulcers, NAFLD 

b) Diabetes related comorbidities 

i) Hypertension 

ii) Dyslipidemia 

iii) Obesity 

(2) Autoimmune comorbidities 

i) Adrenal insufficiency 

ii) Hypothyroidism 

- Other medications use, as per the following (a full list is provided in Appendix Excel file): 

(1) Adjunctive non-insulin glucose-lowering agents (ANIGLA): Metformin, GLP1ra, 

DPP4i, SGLT2i  

(2) Lipid lowering agents (LLA): statin 

(3) Blood pressure lowering agents (BPLA):  

a) RAAS blockers: ACEI, ARB, spironolactone 

b) non-RAAS blockers: calcium channel blockers, diuretics, beta blockers 

(4) Antiplatelet (ANTIPL) 

- treatment each patient was allocated,  

- hypoglycaemic event. We considered a hypoglycaemic event when this was major (i.e. the 

patient could not treat the episode by himself/herself). 

- time taken to achieve a hypoglycaemic event, and A1C percentage. 

 

Outliers for each patient characteristic were also assessed in each RCT using boxplots. We recorded the 

number of missing participants per treatment group and overall. We captured the reasons for missing participants 

and time taken to have a major hypoglycaemic event if this was available.  

We compared the characteristics of available IPD with the remaining RCTs. In particular, we explored 

whether these were well-conducted according to overall risk of bias, and compared distributions of mean 

participant age, publication year, study duration, study size, percent male, A1c baseline, and magnitude of 

treatment effect, to assess for potential bias in IPD sharing. We conducted a two-stage analysis for both standard 

meta-analysis and NMA.  
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One-stage analysis 

To evaluate the robustness of our results, we conducted multiple sensitivity analyses, as follows:  

• One-stage IPD-NMA with no adjustments 

• Using different imputation techniques. For A1C, missing outcome data were handled by: (A) 

last observation carried forward (LOCF), and (B) baseline observation carried forward 

(BOCF), whereas for severe hypoglycaemia by: (A) imputed case analysis (ICA) best case 

scenario, where all missing participants were assumed non-events, and (B) ICA worst case 

scenario, where all missing participants were assumed events. We also fitted the multiple 

imputation method using R package mice, in which predictor missing values are also 

imputed.10 We applied both an available case analysis and an intention to treat analysis for 

each study. 

• Informative priors for the between-study variance according to Turner et al and Rhodes et al 

for Hypoglycaemia (τ2 ~ Log-normal (-2.34,1.622)) and A1C (log(τ2)~ t(-3.68,2.782,5)) 

outcomes respectively. 

Analyses were conducted in the RStudio using R version 3.4.3, as provided in the sponsor’s platform. 

We used the R package R2jags to run the one-stage IPD-NMA model and relevant sensitivity analyses. We 

checked for convergence evaluating the mixing of two chains, after discarding the first 50 000 iterations, and run 

100 000. We used vague priors for all model parameters (and for between-study standard deviation we used 

τ~U(0,2)). The summary treatment effects are presented using odds ratio (OR) or mean difference (MD) with their 

corresponding credible intervals (CrI). 

Two-stage analysis 

We first estimated crude ORs and MDs and did not adjust for any of the patient characteristics provided. 

In a subsequent analysis we included patient-level covariates with additional terms in the model including all the 

patient characteristics that were provided in response to our request for IPD. We analysed the IPD for each study 

separately using a logistic regression model for hypoglycaemia and a linear regression model for A1c. For the 

cross-over trial with available IPD, we accounted for the two phases and entered in the model the reported patient 

values from both stages. In order to account for the carry-over effect and the treatment order, we included an 

interaction between the treatments taken and the order used. For each study, we obtained the adjusted OR for 

binary data and adjusted MD for continuous data for the requested patient characteristics, along with their 
corresponding 95% confidence interval (CI). Our IPD analyses are based on the intention-to-treat principle 

including all previously excluded patients.  

In the main analysis, we included patient-level covariates with as many additional terms in the model as 

the provided patient characteristics. The first stage of the IPD analyses were conducted in RStudio,11 which was 

available in data providers. Additional medications and comorbid conditions were grouped into broader categories 

according to their clinical relevance to increase power in our analysis. In our main analysis we combined twice 

daily only with once/twice daily in a single node once/twice daily, and included the following nodes NPH [od], 

NPH [od/bid], NPH [qid], glargine [od], glargine [bid], detemir [od], detemir [od/bid], detemir [qid]. For studies 

providing IPD, we also conducted a two-stage analysis outside the sponsor’s platform. 

Additional analyses 

We conducted additional NMA analyses for all potential effect modifiers requested from data providers. 

If relevant data were not available in the IPD, we used aggregate data of the relevant publications. Additional 

NMA analyses included: 1) subgroup analysis for industry vs. publicly sponsored studies, for studies with 

available IPD vs. studies with aggregate data (unadjusted estimates), and for overall risk of bias, allocation 

concealment and incomplete outcome data, as these items may have an important impact on the meta-analysis 

results according to our previous NMA,1 2) network meta-regression accounting for study duration, mean baseline 

A1c, mean age, and sex (% of male participants) effect modifiers separately and assuming a common regression 

coefficient across comparisons (studies with aggregate data were used only; studies with available IPD were 

pooled in a NMA separately adjusted for available covariates at first stage), 3) the ‘informative missingness 
difference of means’ (IMDoM) imputation method12 for A1c and the ‘informative missingness odds ratio’ (IMOR) 
imputation method13 for severe hypoglycaemia using aggregate data to assess the impact of missing data in our 

NMA, and 4) sensitivity analysis excluding all insulin with regimen four times, i.e. NPH four times and detemir 

four times, since these were not clinically relevant.  In all additional NMA analyses, we used the adjusted effect 
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estimates derived from the IPD within-study analysis and the aggregate data extracted from the eligible 

publications. Network meta-regression was performed in a Bayesian setting using the R package R2jags,14 non-

informative priors for all parameters in the model and a half-normal prior for the between standard deviation. We 

compared the results of the additional models by evaluating the treatment effect estimates and ranking statistics, 

as well as monitoring the reduction in the between-study variance. 
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Appendix 2: Studies included in the systematic review  

28 Main Studies 

1. Ashwell SG, Gebbie J, Home PD. Twice-daily compared with once-daily insulin glargine in people 

with Type 1 diabetes using meal-time insulin aspart. Diabetic medicine : a journal of the British 

Diabetic Association. 2006;23(8):879-886. 

2. Bartley PC, Bogoev M, Larsen J, Philotheou A. Long-term efficacy and safety of insulin detemir 

compared to Neutral Protamine Hagedorn insulin in patients with Type 1 diabetes using a treat-to-

target basal-bolus regimen with insulin aspart at meals: a 2-year, randomized, controlled trial. Diabetic 

medicine : a journal of the British Diabetic Association. 2008;25(4):442-449. 

3. Bolli GB, Songini M, Trovati M, et al. Lower fasting blood glucose, glucose variability and nocturnal 

hypoglycaemia with glargine vs NPH basal insulin in subjects with Type 1 diabetes. Nutrition, 

metabolism, and cardiovascular diseases : NMCD. 2009;19(8):571-579. 

4. Chatterjee S, Jarvis-Kay J, Rengarajan T, Lawrence IG, McNally PG, Davies MJ. Glargine versus NPH 

insulin: efficacy in comparison with insulin aspart in a basal bolus regimen in type 1 diabetes--the 

glargine and aspart study (GLASS) a randomised cross-over study. Diabetes research and clinical 

practice. 2007;77(2):215-222. 

5. De Leeuw I, Vague P, Selam JL, et al. Insulin detemir used in basal-bolus therapy in people with type 1 

diabetes is associated with a lower risk of nocturnal hypoglycaemia and less weight gain over 12 

months in comparison to NPH insulin. Diabetes, obesity & metabolism. 2005;7(1):73-82. 

6. Derosa G, Franzetti I, Querci F, Romano D, D'Angelo A, Maffioli P. Glucose-lowering effect and 

glycaemic variability of insulin glargine, insulin detemir and insulin lispro protamine in people with 

type 1 diabetes. Diabetes, obesity & metabolism. 2015;17(6):554-559. 

7. Fulcher GR, Gilbert RE, Yue DK. Glargine is superior to neutral protamine Hagedorn for improving 

glycated haemoglobin and fasting blood glucose levels during intensive insulin therapy. Internal 

medicine journal. 2005;35(9):536-542. 

8. Heller S, Koenen C, Bode B. Comparison of insulin detemir and insulin glargine in a basal-bolus 

regimen, with insulin aspart as the mealtime insulin, in patients with type 1 diabetes: a 52-week, 

multinational, randomized, open-label, parallel-group, treat-to-target noninferiority trial. Clinical 

therapeutics. 2009;31(10):2086-2097. 

9. Home P, Bartley P, Russell-Jones D, et al. Insulin detemir offers improved glycemic control compared 

with NPH insulin in people with type 1 diabetes: a randomized clinical trial. Diabetes Care. 

2004;27(5):1081-1087. 

10. Kolendorf K, Ross GP, Pavlic-Renar I, et al. Insulin detemir lowers the risk of hypoglycaemia and 

provides more consistent plasma glucose levels compared with NPH insulin in Type 1 diabetes. 

Diabetic medicine : a journal of the British Diabetic Association. 2006;23(7):729-735. 

11. Le Floch JP, Levy M, Mosnier-Pudar H, et al. Comparison of once- versus twice-daily administration 

of insulin detemir, used with mealtime insulin aspart, in basal-bolus therapy for type 1 diabetes: 

assessment of detemir administration in a progressive treat-to-target trial (ADAPT). Diabetes Care. 

2009;32(1):32-37. 

12. Mathiesen ER, Hod M, Ivanisevic M, et al. Maternal efficacy and safety outcomes in a randomized, 

controlled trial comparing insulin detemir with NPH insulin in 310 pregnant women with type 1 

diabetes. Diabetes Care. 2012;35(10):2012-2017. 

13. Pesic M, Zivic S, Radenkovic S, Velojic M, Dimic D, Antic S. Comparison between basal insulin 

glargine and NPH insulin in patients with diabetes type 1 on conventional intensive insulin therapy. 

Vojnosanitetski pregled. 2007;64(4):247-252. 

14. Pieber TR, Eugene-Jolchine I, Derobert E. Efficacy and safety of HOE 901 versus NPH insulin in 

patients with type 1 diabetes. The European Study Group of HOE 901 in type 1 diabetes. Diabetes 

Care. 2000;23(2):157-162. 

15. Pieber TR, Draeger E, Kristensen A, Grill V. Comparison of three multiple injection regimens for Type 
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NPH insulin. Diabetic medicine : a journal of the British Diabetic Association. 2005;22(7):850-857. 

16. Pieber TR, Treichel HC, Hompesch B, et al. Comparison of insulin detemir and insulin glargine in 

subjects with Type 1 diabetes using intensive insulin therapy. Diabetic medicine : a journal of the 
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17. Porcellati F, Rossetti P, Pampanelli S, et al. Better long-term glycaemic control with the basal insulin 

glargine as compared with NPH in patients with Type 1 diabetes mellitus given meal-time lispro 

insulin. Diabetic medicine : a journal of the British Diabetic Association. 2004;21(11):1213-1220. 
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19. Raskin P, Klaff L, Bergenstal R, Halle JP, Donley D, Mecca T. A 16-week comparison of the novel 

insulin analog insulin glargine (HOE 901) and NPH human insulin used with insulin lispro in patients 
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20. Ratner RE, Hirsch IB, Neifing JL, Garg SK, Mecca TE, Wilson CA. Less hypoglycemia with insulin 

glargine in intensive insulin therapy for type 1 diabetes. U.S. Study Group of Insulin Glargine in Type 

1 Diabetes. Diabetes Care. 2000;23(5):639-643. 

21. Renard E, Dubois-Laforgue D, Guerci B. Non-inferiority of insulin glargine versus insulin detemir on 

blood glucose variability in type 1 diabetes patients: a multicenter, randomized, crossover study. 

Diabetes technology & therapeutics. 2011;13(12):1213-1218. 

22. Rosenstock J, Park G, Zimmerman J. Basal insulin glargine (HOE 901) versus NPH insulin in patients 

with type 1 diabetes on multiple daily insulin regimens. U.S. Insulin Glargine (HOE 901) Type 1 

Diabetes Investigator Group. Diabetes Care. 2000;23(8):1137-1142. 

23. Rossetti P, Pampanelli S, Fanelli C, et al. Intensive replacement of basal insulin in patients with type 1 

diabetes given rapid-acting insulin analog at mealtime: a 3-month comparison between administration 

of NPH insulin four times daily and glargine insulin at dinner or bedtime. Diabetes Care. 

2003;26(5):1490-1496. 

24. Russell-Jones D, Simpson R, Hylleberg B, Draeger E, Bolinder J. Effects of QD insulin detemir or 

neutral protamine Hagedorn on blood glucose control in patients with type I diabetes mellitus using a 

basal-bolus regimen. Clinical therapeutics. 2004;26(5):724-736. 

25. Standl E, Lang H, Roberts A. The 12-month efficacy and safety of insulin detemir and NPH insulin in 
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26. Vague P, Selam JL, Skeie S, et al. Insulin detemir is associated with more predictable glycemic control 

and reduced risk of hypoglycemia than NPH insulin in patients with type 1 diabetes on a basal-bolus 

regimen with premeal insulin aspart. Diabetes Care. 2003;26(3):590-596 
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related brain regions in type 1 diabetic patients after treatment with insulin detemir and NPH insulin: a 
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Appendix 3: List of studies requested and sponsor response  

Author, year Interventions compared Sponsor(s) [Sponsor Response] IPD 

Received  

Ashwell, 2006 Glargine (od), glargine (bid) Sanofi-Aventis [Unavailable (Cannot identify 

study)] 

No 

Bartley, 2008 Detemir (od), NPH (od) Novo Nordisk [Available] Yes 

Bolli, 2009 Glargine (od), NPH (od)  Sanofi-Aventis [Unavailable (Cannot identify 

study)] 

No 

Chatterjee, 2007 Glargine (od), NPH (bid)  Novo Nordisk [Unavailable (Do not own 

data)] 

Sanofi-Aventis [Unavailable (Cannot identify 

study)] 

No 

De Leeuw, 2005 Detemir (bid), NPH (bid)  Novo Nordisk [Available] Yes 

Derosa, 2015 Detemir (od), Glargine (od) NA No 

Fulcher, 2005 Glargine (od), NPH (od)  

Sanofi-Aventis [Unavailable (Cannot identify 

study)] No 

Heller, 2009 Detemir (od or bid), glargine (od)  Novo Nordisk [Available] Yes 

Home, 2004 Detemir (bid), NPH (bid)  Novo Nordisk [Available] Yes 

Kolendorf, 2006 Detemir (bid), NPH (bid)  Novo Nordisk [Available] Yes 

Le Floch, 2009 Detemir (od), detemir (bid)  Novo Nordisk [Available] Yes 

Mathiesen, 2012 Detemir (od or bid), NPH (od or bid)  Novo Nordisk [Available] Yes 

Pesic, 2007 NPH (od), NPH (bid), glargine (od)  NA No 

Pieber, 2000 Glargine (od), NPH (od or bid) 
Sanofi-Aventis [Unavailable (Cannot identify 
study)] No 

Pieber, 2005 Detemir (bid), NPH (bid)  Novo Nordisk [Available] Yes 

Pieber, 2007 Detemir (bid), glargine (od)  Novo Nordisk [Available] Yes 

Porcellati, 2004 NPH (qid), glargine (od)  NA No 

Radman, 2007 Glargine (od) , NPH (bid)  NA No 

Raskin, 2000 Glargine (od), NPH (od or bid) 

Sanofi-Aventis [Unavailable (Cannot identify 

study)] No 

Ratner, 2000 

(CR: Hershon, 
2004) Glargine (od), NPH (od or bid)  

Sanofi-Aventis [Unavailable (Cannot identify 
study)] No 

Renard, 2011 Glargine (od), detemir (od)  

Sanofi-Aventis [Unavailable (Cannot share 

data (Language))] No 

Rosenstock, 2000 Glargine (od), NPH (od or bid)  

Sanofi-Aventis [Unavailable (Cannot identify 

study)] No 

Rossetti, 2003 NPH (od), glargine (od)  NA No 

Russell-Jones, 2004 Detemir (od), NPH (od)  Novo Nordisk [Available] Yes 

Standl, 2004 Detemir (bid), NPH (od or bid)  Novo Nordisk [Available] Yes 

Vague, 2003 Detemir (bid), NPH (bid)  Novo Nordisk [Available] Yes 

van Golen, 2013 Detemir (od), NPH (od) Novo Nordisk [Unavailable (Do not own 
data)] 

No 

Zachariah, 2011 NPH (od or bid), detemir (od or bid)  Novo Nordisk [Unavailable (Cannot share 

data (Old study))] 

No 

Abbreviations: bid, twice a day; IPD, Individual Patient Data; NA, Not Applicable; NPH, Neutral Protamine 

Hagedorn; od, once a da
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Appendix 4: Patient Characteristics 

Study 
% 

female 

Mean age, years 

(SD) [range] 

Mean BMI (SD) 

[range] 
Mean A1C (SD) [range] 

Mean duration of 

T1DM, years (SD) 

[range] 

 

Ashwell, 2006 40 43.4 (12.1) 26.7 (4.5) 8.0 (0.9) 26.9 (12.1) 

Bartley, 2008 45.3 35.0 [18.0-75.0] 24.7 [15.4-34.7] 8.3 [5.0-11.6] 13.0 [1.0-50.4] 

Bolli, 2009 44.6 36.3 (9.0) 23.5 (2.0) 7.9 (0.7) 13.9 (9.0) 

Chatterjee, 2007 41.7 42.9 (11.8) 27.0 (4.2) 8.5 (1.2) 18.2 (11.8) 

De Leeuw, 2005 59 40.3 (9.9) 24.5 (3.1) 8.1 (1.1) 14.4 (9.9) 

Derosa, 2015 53 26.2 (3.8) 23.2 (1.6) 8.1 (0.7) 11.6 (5.4) 

Fulcher, 2005 61 40.5 (10.1) 26.6 (3.8) 9.5 (1.2) 17.5 (10.1) 

Heller, 2009 44 42.0 (11.4) 26.5 (4.0) 8.1 (1.1) 17.2 (11.4) 

Home, 2004 46.1 40.2 (10.6) 25.2 (2.4) 8.6 (1.2) 16.6 (10.6) 

Kolendorf, 2006 46.2 39.2 (10.2) 25.3 (3.5) 7.9 (0.7) 16.6 (10.2) 

Le Floch, 2009 47.5 41.5 (10.0) 25.0 (4.0) 8.5 (0.9) 16.5 (10.0) 

Mathiesen, 2012 100 30.1 (8.0) 24.8 (4.1) 7.0 (4.4) 12.3 (8.0) 

Pesic, 2007 45.8 28.3 (2.1) 23.1 (10.5) NR 13.1 (2.1) 

Pieber, 2000 39.1 36.3 [18.0-70.0] 24.0 [18.6-30.3] 8.0 (0.1) 11.0 [1.0-48.0] 

Pieber, 2005 21 40.1 (10.1) 25.2 (3.4) 8.1 (1.3) 14.6 (10.1) 

Pieber, 2007 48.8 40.5 [18.0-79.0] 25.6 [16.8-35.1] 8.9 [7.6-11.9] 16.5 [1.0-57.0] 

Porcellati, 2004 44.6 35.0 (0.3) 23.1 (0.1) 7.2 (0.2) 14.0 (0.3) 

Radman, 2007 42.9 36.7 (8.2) 24.4 (2.7) 8.3 (1.4) 12.1 (8.2) 

Raskin, 2000 48.5 39.2 (11.7) 25.6 (3.7) NR 18.6 (11.7) 

Ratner, 2000 49.4 38.5 (10.9) 25.8 (4.3) 7.7 (1.2) 17.4 (10.9) 

Renard, 2011 39.1 47.4 (9.2) 25.0 (3.5) 7.1 (0.7) 17.8 (9.2) 

Rosenstock, 2000 48.1 37.5 (10.7) 24.3 (2.6) 7.9 (1.1) 16.3 (10.7) 

Rossetti, 2003 47 32.4 (2.2) 23.1 (0.9) 6.9 (0.2) 13.6 (2.2) 

Russell-Jones, 2004 35.9 40.5 (10.7) 25.2 (3.4) 8.4 (1.2) 16.9 (10.7) 

Standl, 2004 36 41.6 (9.8) 25.7 (3.2) 7.7 (1.2) 16.1 (9.8) 

Vague, 2003 47.2 40.4 (10.3) 24.6 (3.3) 8.2 (1.1) 17.2 (10.3) 

Van Golen, 2013 0 36.9 (9.7) 24.9 (2.7) 7.5 (0.6) 12.5 [6.0-17.0] 

Zachariah, 2011 39.1 38.8 (2.1) 28.0 (3.6) 8.2 (0.2) 20.0 (2.1) 

Abbreviations: A1C - glycosylated hemoglobin (%). BMI - body mass index (kg/m2). NR - not reported; SD - standard deviation. 

T1DM - type 1 diabetes mellitus. 
aUnpublished data.
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Appendix 5: Study characteristics of the included RCTs 

Study Country of conduct Continent Sample size*; 

Longest 

duration of 

follow-up 

(weeks) 

Treatments 

compared; 

Outcomes 

Funding 

information 

(IPD: Y/N) 

Date of 

randomization; 

Date trial 

opened; 

Randomization 

ratio 

Ashwell, 

2006 

UK Europe 20; 8 Glargine (od), 

glargine (bid); A1c, 
fasting plasma 

glucose, severe 

hypoglycemia, 

mortality, quality of 

life, weight change 

Industry-

sponsored (N) 

NR; NR; NR 

Bartley, 2008 Argentina, Australia, 

Bulgaria, Croatia, 

India, Macedonia, 

Malaysia, Romania, 

South Africa, Turkey 

Africa, Asia, 

Oceania, 

Europe, 

South 

America 

468; 104.35 Detemir (od), NPH 

(od); A1c, AEs, 

fasting plasma 

glucose, severe 

hypoglycemia, 
mortality, weight 

change 

Industry-

sponsored (Y) 

NR; June 2004; 

2:1 ratio 

Bolli, 2009 Italy Europe 175; 24 Glargine (od), NPH 

(od); A1c, AEs, 

fasting plasma 
glucose, severe 

hypoglycemia, 

quality of life, 

vascular 

complications, 
weight change 

Industry-

sponsored (N) 

NR; NR; NR 

Chatterjee, 

2007 

UK Europe 58; 36 Glargine (od), NPH 

(bid); A1c, AEs, 

fasting plasma 
glucose, severe 

hypoglycemia, 

quality of life, 

weight change 

Industry-

sponsored (N) 

NR; January 

2002: NR 

De Leeuw, 
2005 

Belgium, France, 
Norway, Denmark, 

Netherlands 

Europe 315; 52 Detemir (bid), NPH 
(bid); A1c, AEs, 

fasting plasma 

glucose, severe 

hypoglycemia, 

mortality, vascular 
complications, 

weight change 

Industry-
sponsored (Y) 

NR: NR: 2:1 
ratio 

Derosa, 2015 Italy Europe 34; 4 Detemir (od), 

Glargine (od); A1c, 

severe 
hypoglycemia, 

weight change 

NA (N) NR; NR; NR 

Fulcher, 2005 Australia Oceania 125; 30 Glargine (od), NPH 

(od); A1c, AEs, 

fasting plasma 
glucose, severe 

hypoglycemia, 

weight change 

Industry-

sponsored (N) 

NR; November 

2000: NR 

Heller, 2009 UK, Denmark, USA Europe, 

North 
America 

443; 52 Detemir (od or bid), 

glargine (od); A1c, 
AEs, fasting plasma 

glucose, severe 

hypoglycemia, 

weight change 

Industry-

sponsored (Y) 

NR; September 

2004; 2:1 ratio 

Home, 2004 UK, Australia, 
France, Netherlands, 

Belgium, Sweden, 

Denmark 

Europe, 
Oceania 

408; 16 Detemir (bid), NPH 
(bid); A1c, AEs, 

fasting plasma 

glucose, severe 

hypoglycemia, 

weight change 

Industry-
sponsored (Y) 

NR; NR; NR 

Kolendorf, 

2006 

Australia, Europe, 

South Africa 

Africa, 

Europe, 

Oceania 

130; 16 Detemir (bid), NPH 

(bid); A1c, severe 

hypoglycemia, 

mortality, vascular  

Industry-

sponsored (Y) 

NR; September 

2001; 1:1 ratio 
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Le Floch, 

2009 

Belgium and France Europe 507; 17.4 Detemir (od), 

detemir (bid); A1c, 
hypoglycemia, 

weight change 

Industry-

sponsored (Y) 

NR; June 2005; 

NR 

Mathiesen, 

2012 

17 countries NR 470; 28   Detemir (od or bid), 

NPH (od or bid); 

A1c, AEs, fasting 
plasma glucose, 

severe 

hypoglycemia, 

mortality, vascular 

complications, 
weight change 

Industry-

sponsored (Y) 

NR; May 2007; 

1:1 ratio 

Pesic, 2007 Serbia Europe 48; 15 NPH (od), NPH 

(bid), glargine (od)  

NA (N) NR; NR; NR 

Peiber, 2005 Austria, Switzerland, 

Italy, Poland, 
Germany, Norway, 

Finland 

Europe 400; 16 Detemir (bid), NPH 

(bid); A1c, AEs, 
fasting plasma 

glucose, 

hypoglycemia, 

mortality, vascular 

complications, 
weight change 

Industry-

sponsored (Y) 

NR; NR; NR 

Pieber, 2000 42 European sites Europe 333; 4 Glargine (od), NPH 

(od or bid); A1c, 

AEs, fasting plasma 

glucose, severe 
hypoglycemia, 

weight change 

Industry-

sponsored (N) 

NR; NR; NR 

Pieber, 2007 Germany, Austria, 

South Africa 

Africa, 

Europe 

320; 26 Detemir (bid), 

glargine (od); A1c, 

AEs, fasting plasma 
glucose, severe 

hypoglycemia, 

vascular 

complications, 
weight change 

Industry-

sponsored (Y) 

NR; April 

2002; 1:1 ratio 

Porcellati, 

2004 

Italy Europe 121; 52 NPH (qid), glargine 

(od); A1c, fasting 

plasma glucose, 

severe 
hypoglycemia, 

weight change  

Publicly-

sponsored (N) 

NR; NR; NR 

Radman, 

2007 

Croatia Europe 52; 17.39 Glargine (od), NPH 

(bid); A1c, weight 

change 

NA (N) NR; January 

2005; NR 

Raskin, 2000 USA, Canada North 

America 

619; 16 Glargine (od), NPH 

(od or bid); A1c, 

AEs, fasting plasma 

glucose, severe 

hypoglycemia, 
mortality, vascular  

Industry-

sponsored (N) 

NR; October 

1997; NR 

Ratner, 2000 

(CR: 

Hershon, 

2004) 

USA North 

America 

518; 28 Glargine (od), NPH 

(od or bid); A1c, 

AEs, fasting plasma 

glucose, severe 
hypoglycemia, 

mortality, weight 

change 

Industry-

sponsored (N) 

NR; NR; NR 

Renard, 2011 France  Europe 78; 16 Glargine (od), 

detemir (od); A1c, 
AEs, fasting plasma 

glucose, severe 

hypoglycemia, 

mortality, weight 

change 

Industry-

sponsored (N) 

NR; October 

2005; NR 

Rosenstock, 

2000 

USA North 

America 

168; 4 Glargine (od), NPH 

(od or bid); A1c, 

AEs, fasting plasma 

glucose, 

hypoglycemia, 
weight change 

Industry-

sponsored (N) 

NR; NR; NR 

Rossetti, 

2003 

Italy Europe 51; 13.05 NPH (od), glargine 

(od); A1c, fasting 

plasma glucose, 

Publicly-

sponsored (N) 

NR; NR; NR 
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severe 

hypoglycemia, 
weight change 

Russell-

Jones, 2004 

Europe and Australia Europe, 

Oceania 

747; 26 Detemir (od), NPH 

(od); A1c, AEs, 

fasting plasma 

glucose, severe 
hypoglycemia, 

weight change 

Industry-

sponsored (Y) 

NR; February 

2001; 2:1 ratio 

Standl, 2004 Australia, Austria, 

Germany, 

Switzerland, New 
Zealand 

Europe, 

Oceania 

288; 52 Detemir (bid), NPH 

(od or bid); A1c, 

AEs, fasting plasma 
glucose, severe 

hypoglycemia, 

vascular 

complications, 

weight change 

Industry-

sponsored (Y) 

NR; NR; NR 

Vague, 2003 France, Belgium, 

Luxembourg, 

Netherlands, Norway 

Europe 447; 26.09 Detemir (bid), NPH 

(bid); A1c, AEs, 

fasting plasma 

glucose, severe 

hypoglycemia, 
weight change 

Industry-

sponsored (Y) 

NR: NR: 2:1 

ratio 

van Golen, 

2013 

Netherlands Europe 28; 12 Detemir (od), NPH 

(od); A1c, quality of 

life, weight change  

Industry-

sponsored (N) 

NR; January 

2009; NR 

Zachariah, 
2011 

UK Europe 23; 16 Detemir [od/bid], 
NPH [od/bid]; 

Industry-
sponsored (N) 

NR; July 2007; 
NR 

*  Reported is the sample size used in the analysis  

Abbreviations: A1c, glycated haemoglobin; AE, Adverse Events; bid, twice a day; IPD, Individual Patient 

Data; NA, Not Applicable; NPH, neutral protamine Hagedorn; NR, Not Reported; od, once a day; qid, four 

times daily; RCT, Randomized Controlled Trial; UK, United Kingdom
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Appendix 6. Characteristics of studies with shared IPD 

Study Study 

Duration 

 

  

Treatment Group Males (%) Age, mean 

(SD) 

Pregnant 

women 

Diabetes 

Duration, 

mean (SD) 

Concurrent 

comorbidities 

Autoimmune 

comorbidities 

Adjunctive 

non-insulin 

glucose-

lowering 

agents 

Lipid 

lowering 

agents 

Vague 2003 6 months NPH[bid] 74 (51%) 42 (14·21) 7 (5%) 17 (11·02) 18 (12%) 0 (0%) 0 (0%) 2 (1%) 

    Detemir[bid] 162 (54%) 39 (13·29) 17 (6%) 17 (9·94) 28 (9%) 0 (0%) 1 (0%) 1 (0%) 

Standl 2004 12 months NPH[od/bid] 88 (66%) 43 (12·28) 1 (1%) 16 (10·57) 26 (19%) 0 (0%) 0 (0%) 8 (6%) 

    Detemir[bid] 96 (62%) 41 (13·41) 4 (3%) 16 (9·14) 24 (16%) 0 (0%) 0 (0%) 7 (5%) 

De Leeuw 

2005 12 months NPH[bid] 52 (53%) 41 (13·17) 5 (5%) 17 (10·18) 9 (9%) 0 (0%) 0 (0%) 1 (1%) 

    Detemir[bid] 116 (54%) 40 (12·82) 7 (3%) 18 (9·73) 19 (9%) 0 (0%) 1 (0%) 1 (0%) 

Russell-Jones 

2004 6 months NPH[od] 157 (61%) 40 (12·26) 164 (64%) 16 (9·50) 32 (12%) 0 (0%) 0 (0%) 5 (2%) 

    Detemir[od] 322 (66%) 41 (12·35) 331 (67%) 17 (11·30) 61 (12%) 0 (0%) 1 (0%) 5 (1%) 

Pieber 2007 26 weeks Glargine[od] 76 (48%) 40 (14·29) 100 (63%) 17 (11·71) 29 (18%) 0 (0%) 0 (0%) 0 (0%) 

    Detemir[bid] 88 (55%) 40 (12·91) 110 (68%) 16 (9·16) 31 (19%) 0 (0%) 0 (0%) 1 (1%) 

Kolendorf 

2006 32 weeks Detemir/NPH 34 (52%) 40 (12·43) 33 (50%) 17 (10·60) 12 (18%) 0 (0%) 0 (0%) 0 (0%) 

    NPH/Detemir 36 (56%) 39 (12·27) 33 (52%) 17 (9·99) 13 (20%) 0 (0%) 0 (0%) 0 (0%) 

Heller 2009 52 weeks Glargine[od]  81 (56%) 42 (12·60) NR 17 (11·71) 31 (22%) 0 (0%) 1 (1%) 12 (8%) 

    Detemir[qid] 167 (56%) 41 (11·72) NR 17 (10·70) 82 (27%) 0 (0%) 0 (0%) 35 (12%) 

Peiber 2005 16 weeks NPH[bid] 73 (57%) 41 (11·86) 91 (71%) 14 (9·19) 23 (18%) 0 (0%) 0 (0%) 0 (0%) 

    Detemir[bid] 168 (62%) 40 (11·91) 191 (70%) 15 (10·58) 44 (16%) 0 (0%) 0 (0%) 1 (0%) 

Home 2004 16 weeks NPH[bid] 70 (53%) 38 (12·40) 71 (54%) 15 (10·55) 17 (13%) 0 (0%) 0 (0%) 5 (4%) 

    Detemir[bid] 150 (54%) 41 (12·18) 149 (54%) 17 (10·64) 44 (16%) 0 (0%) 1 (0%) 7 (3%) 

Bartley 2008 24 months NPH[od] 83 (52%) 35 (11·42) NR 14 (10·00) 19 (12%) 0 (0%) 1 (1%) 4 (3%) 

    Detemir[od] 170 (55%) 35 (12·27) NR 13 (9·47) 39 (13%) 0 (0%) 2 (1%) 8 (3%) 

Mathiesen 
2012 12 months NPH[od/bid] 0 (0%) 31 (4·41) 158 (67%) NR 0(0%) 0(0%) NR NR 

    Detemir[od/bid] 0 (0%) 30 (4·71) 152 (65%) NR 0(0%) 0(0%) NR NR 

Le Floch 

2009 7 months Detemir[od] 130 (53%) 37 (12·69) NR NR 53 (21%) 0(0%) NA NA 
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    Detemir[bid] 134 (52%) 38 (13·24) NR NR 56 (22%) 0(0%) NA NA 

Abbreviations: bid, twice daily; IPD, Individual Patient Data; NA, Not Applicable; NPH, Neutral Protamine Hagedorn; NR, Not Reported; od, once daily; qid, four times 

daily; SD, Standard Deviation   

Additional characteristics of studies with shared IPD 

Study Blood 

pressure 

lowering 

agents 

Antiplatelet Total 

number 

of 

patients 

Final A1c, 

mean (SD) 

Baseline 

A1c, mean 

(SD) 

Patients 

experiencing at 

least one 

hypoglycaemic 

event 

Missing 

data in 

A1c 

outcome 

Missing data in 

hypoglycaemia 

outcome 

Reasons for dropouts as 

indicated in the provided 

IPD* 

Average time 

taken for a 

hypoglycaemic 

event 

Vague 

2003 1 (1%) 0 (0%) 146 7·61 (1·16) 8·11 (1·12) 26 (18%) 21 14 

● adverse events (2 

detemir, 0 NPH), 
● non-compliance with 

treatment (5 detemir, 0 

NPH), 

● ineffective treatment (5 

detemir, 2 NPH), 
● 'Other' reasons for 

withdrawal (5 detemir, 3 

NPH),' 

62 days (range 

[0, 140]) 

  7 (2%) 0 (0%) 301 7·62 (1·23) 8·18 (1·14) 35 (12%) 7 5 

62 days (range 

[0, 190]) 

Standl 

2004 13 (10%) 5 (4%) 134 7·67 (1·25) 7·66 (1·19) 16 (12%) 10 16 

● adverse events (2 

detemir, 0 NPH), 
● non-compliance with 

treatment (6 detemir, 2 

NPH), 

● ineffective treatment (6 

detemir, 8 NPH), 
● 'Other' reasons for 

withdrawal (6 detemir, 6 

NPH) 

127 days (range 

[0, 367]) 

  13 (8%) 7 (5%) 154 7·73 (1·25) 7·72 (1·26) 23 (15%) 15 13 

82 days (range 

[0, 277]) 

De Leeuw 

2005 0 (0%) 0 (0%) 99 8·03 (1·11) 7·47 (1·20) 24 (24%) 3 3 

● adverse events (2 

detemir, 0 NPH), 
● non-compliance with 

treatment (0 detemir, 1 

NPH), 

● ineffective treatment (0 
detemir, 1 NPH), 

● 'Other' reasons for 

withdrawal (2 detemir, 1 

NPH) 

104 days (range 

[0, 332]) 

  6 (3%) 2 (1%) 216 

   8·18 

(1·14) 7·51 (1·33) 36 (17%) 6 4 

103 days (range 

[0, 318]) 

Russell-
Jones 2004 10 (4%) 0 (0%) 256 8·41 (1·32) 8·33 (1·22) 29 (11%) 20 10 

● adverse events (5 
detemir, 2 NPH), 

● non-compliance with 

treatment (2 detemir, 5 

NPH), 

75 days (range 
[0, 196]) 

  23 (5%) 1 (0%) 491 8·30 (1·08) 8·35 (1·21) 41 (8%) 27 20 

66 days (range 

[0, 178]) 
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● ineffective treatment (3 

detemir, 0 NPH), 
● 'Other' reasons for 

withdrawal (16 detemir, 14 

NPH) 

Pieber 

2007 7 (4%) 0 (0%) 159 8·09 (1·09) 8·87 (0·95) 16 (10%) 14 24 

● adverse events (1 

detemir, 3 glargine), 
● non-compliance with 

treatment (4 detemir, 5 

glargine), 

● ineffective treatment (5 

detemir, 0 glargine), 
● 'Other' reasons for 

withdrawal (3 detemir, 6 

glargine) 

33 days (range 

[1, 71]) 

  6 (4%) 0 (0%) 161 8·12 (1·24) 8·81 (1·02) 9 (6%) 15 16 

63 days (range 

[0, 169]) 

Kolendorf 

2006 1 (2%) 2 (3%) 66 7·62 (0·99) 7·88 (0·69) 18 (27%) 1 1 

● adverse events (0 

Detemir/NPH, 3 
NPH/Detemir), 

● non-compliance with 

treatment (0 Detemir/NPH, 

1 NPH/Detemir), 

● ineffective treatment (1 
Detemir/NPH, 0 

NPH/Detemir), 

● 'Other' reasons for 

withdrawal (0 

Detemir/NPH, 1 
NPH/Detemir) 

97 days (range 

[12, 240]) 

  5 (8%) 0 (0%) 64 7·60 (0·79) 7·96 (0·63) 11 (17%) 4 2 
119 days (range 
[0, 216]) 

Heller 

2009 19 (13%) 0 (0%) 144 7·58 (1·07) 8·12 (1·09) 23 (16%) 5 5 

● adverse events (4 

detemir, 6 glargine), 

● non-compliance with 

treatment (4 detemir, 14 
glargine), 

● ineffective treatment (5 

detemir, 6 glargine), 

● 'Other' reasons for 
withdrawal (9 detemir, 10 

glargine) 

21 days (range 

[0, 359]) 

  51 (17%) 0 (0%) 299 7·60 (1·08) 8·15 (1·18) 54 (18%) 17 8 

123 days (range 

[0, 344]) 

Peiber 

2005 4 (3%) 1 (1%) 129 7·70 (0·98) 8·08 (1·15) 4 (3%) 4 16 

● adverse events (6 

detemir, 0 NPH), 

● non-compliance with 
treatment (4 detemir, 0 

NPH), 

● ineffective treatment (3 

detemir, 4 NPH), 

● 'Other' reasons for 
withdrawal (4 detemir, 0 

NPH) 

68 days (range 

[16, 107]) 

  12 (4%) 0 (0%) 271 7·61 (1·12) 8·07 (1·31) 18 (7%) 15 53 

35 days (range 

[0, 103]) 
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Home 

2004 5 (4%) 0 (0%) 132 7·91 (1·11) 8·52 (1·19) 14 (11%) 7 2 

● adverse events (1 

detemir, 1 NPH), 
● non-compliance with 

treatment (3 Detemir, 5 

NPH), 

● ineffective treatment (3 

detemir, 1 NPH), 
● 'Other' reasons for 

withdrawal (2 detemir, 1 

NPH) 

46 days (range 

[0, 104]) 

  10 (4%) 0 (0%) 276 7·82 (0·97) 8·65 (1·2) 25 (9%) 9 8 

45 days (range 

[0, 116]) 

Bartley 

2008 14 (9%) 1 (1%) 159 7·63 (1·30) 8·38 (1·29) 42 (26%) 17 0 

● adverse events (10 

detemir, 1 NPH), 
● non-compliance with 

treatment (6 Detemir, 5 

NPH), 

● ineffective treatment (2 

detemir, 2 NPH), 
● 'Other' reasons for 

withdrawal (28 detemir, 10 

NPH) 

183 days (range 

[0, 645]) 

  26 (8%) 1 (0%) 309 7·37 (1·22) 8·31 (1·14) 50 (16%) 45 1 

272 days (range 

[0, 721]) 

Mathiesen 

2012 NR NR 237 6·55 (0·85) 7·27 (0·83) 56 (24%) 102 106 

● adverse events (18 

detemir, 8 NPH), 
● decision of subject (16 

detemir, 18 NPH), 

● ineffective therapy (0 

detemir, 9 NPH), 

● lost to follow up (1 
detemir, 1 NPH), 

● non-compliance (8 

detemir, 8 NPH), 

● other (1 Detemir, 3 

NPH), 
● protocol deviation (2 

detemir, 4 NPH), 

● withdrawal criteria (60 

detemir, 50 NPH) 

100 days (range 

[0, 343]) 

  NR NR 233 6·50 (0·88) 7·24 (0·88) 42 (18%) 7 4 

93 days (range 

[0, 344]) 

Le Floch 

2009 NA NA 247 7·90 (0·84) 8·45 (0·84) NA 30 NA 

● adverse events (9 

detemir[od], 7 

detemir[bid]), 

● decision of subject (15 

detemir[od], 13 
detemir[bid]), 

● exclusion criterion (0 

detemir[od], 1 

detemir[bid]), 

● non-compliance (1 
detemir[od], 2 

detemir[bid]), 

NA 

  NA NA 260 7·97 (1·07) 8·51 (0·95) NA 22 NA NA 
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● other (7 Detemir[od], 21 

detemir[bid]), 
● pregnancy (1 

detemir[od], 0 

detemir[bid]), 

● protocol deviation (1 

detemir[od], 3 
detemir[bid]) 

* Reasons for missing participants included (according to provided IPD) – some participants may be missing due to multiple reasons 

Abbreviations: A1c, glycated haemoglobin; AD, Aggregate Data; bid, twice daily; IPD, individual patient data; MMSE, Mini-Mental State Examination; NA, not applicable; 

NPH, Neutral Protamine Hagedorn; NR, not reported; od, once daily; qid, four times daily; SAE, serious adverse event; SD, Standard Deviation  
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Appendix 8: Cochrane risk-of-bias appraisal results (n = 28)  

Study 1. Random 

sequence 

generation 

2. 

Allocation 

concealment 

3. Blinding of 

participants 

and 

personnel 

4. Blinding 

of outcome 

assessment 

5. 

Incomplete 

outcome 

data 

6. 

Selective 

reporting 

7. Other 

bias* 

Ashwell, 2006 Low Unclear  High  High  Low  Unclear  Unclear  

Bartley, 2008 Low High High  Low  High  Unclear  High  

Bolli, 2009 Unclear  Unclear  High  High  High  Unclear  High  

Chatterjee, 2007 Unclear  Low High  Low  Low  Unclear  Unclear  

De Leeuw, 2005 Unclear  Unclear  High  Low  Low  Unclear  High  

Derosa, 2015 Low Unclear  Low  Unclear  Low  High  Low  

Fulcher, 2005 Unclear  Unclear  Unclear  Low  High  Unclear  Unclear  

Heller, 2009 Low Low  High  Low  Low  Unclear  High  

Home, 2004 Unclear  Low  High  Low  Low  Unclear  High  

Kolendorf, 2006 Unclear  Unclear  High  High  Low  Unclear  High  

Le Floch, 2009 Low Low  High  Low  Low  Low  High  

Mathiesen, 2012 Low Unclear  High  Low  Low  Unclear  High  

Pesic, 2007 Unclear  Unclear  Unclear  Low  Unclear  Unclear  Unclear  

Pieber, 2000 Unclear  Unclear  Unclear  Low  Low  Unclear  High  

Peiber, 2005 Low Unclear  High  Low  Unclear  Unclear  High  

Pieber, 2007 Low Unclear  High  Low  Low  Unclear  High  

Porcellati, 2004 Low Low  High  Low  Low  Unclear  Low  

Radman, 2007 Unclear  Unclear  High  Low  Unclear  Unclear  Low  

Raskin, 2000 Low High  High  Low  Low  Unclear  High  

Ratner, 2000  

(CR: Hershon, 2004) 

Unclear  Unclear  High  Low  High  Unclear  High  

Renard, 2011 Unclear  Unclear  Unclear  Low  Low  Unclear  High  

Rosenstock, 2000 Unclear  Unclear  Unclear  Unclear  Low  Unclear  Unclear  

Rossetti, 2003 Unclear  Unclear  Unclear  Low  Unclear  Unclear  Low  

Russell-Jones, 2004 Low High  High  Low  High  Low  Unclear  

Standl, 2004 Unclear  Unclear  High  Low  High  Unclear  High  

Vague, 2003 Low Unclear  High  Low  Low  Unclear  High  

van Golen, 2013 Unclear Unclear  High  High  Low  Low  Unclear  

Zachariah, 2011 Unclear  Unclear  High  High  Low  Low  Unclear  

*Other bias refers to other sources of bias 

High risk of bias: There is at least one important risk of bias, for example a study had a potential source of bias 

related to the specific study design used or has been claimed to have been fraudulent or had some other problem 

such as drug manufacturers funded study and funding agency involved with data collection, analysis, or report 

writing.  

Unclear risk of bias: There may be a risk of bias, but there is either insufficient information to assess whether 

an important risk of bias exists or insufficient rationale or evidence that an identified problem will introduce bias, 

such as the role of pharmaceutical funding company not clarified, or conflicts of interest not declared. 

Low risk of bias: The study appears to be free of other sources of bias. 

 

Abbreviations: CR, Companion Report 
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Appendix 9: Study-specific effect sizes calculated from shared IPD and published data 

A1c 
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Severe Hypoglycaemia 

 
Abbreviations: bid, twice daily; NPH, Neutral Protamine Hagedorn; od, once daily; qid, four times daily 
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Appendix 13: Network and standard meta-analysis results using both aggregate data and fully adjusted 

individual patient data (two-stage analysis) 

Treatment Comparison 
NMA estimate 

95% CI 
95% PI P-score 

MA Estimate 

95% CI 
95% PI 

# of 

studies 

A1c* 

Detemir [od/bid] vs NPH [od/bid] 
-0·01 

-0·11 to 0·10 
-0·27 to 0·26 0·67 

-0·01 

-0·10 to 0·08 
-0·20 to 0·18 8 

Detemir [od] vs NPH [od/bid] 
0·05 

-0·14 to 0·25 
-0·27 to 0·37 0·50 - - - 

Detemir [qid] vs NPH [od/bid] 
-0·03 

-0·33 to 0·26 
-0·43 to 0·36 0·71 - - - 

Glargine [bid] vs NPH [od/bid] 
0·00 

-0·38 to 0·37 
-0·48 to 0·47 0·63 - - - 

Glargine [od] vs NPH [od/bid] 
0·00 

-0·11 to 0·10 
-0·27 to 0·26 0·67 

0·03 

0·01 to 0·05 
0·00 to 0·06 7 

NPH [od/bid] (reference) - - 0·64 - - - 

NPH [od] vs NPH [od/bid] 
0·30 

0·11 to 0·50 
-0·02 to 0·62 0·11 - - - 

NPH [qid] vs NPH [od/bid] 
0·40 

0·02 to 0·77 
-0·07 to 0·86 0·07 - - - 

Glargine [od] vs NPH [od] 
-0·31 

-0·48 to -0·14 
-0·61 to -0·01 - 

-0·40 

-0·85 to 0·06 
-6·02 to 5·22 3 

NPH [qid] vs Glargine [od] 
0·40 

0·04 to 0·76 
-0·05 to 0·85 - 

0·40 

0·12 to 0·68 
- 1 

Glargine [od] vs Detemir [od] 
-0·06 

-0·24 to 0·12 
-0·37 to 0·25 - 

0·04 

-0·17 to 0·25 
- 1 

Glargine [od] vs Glargine [bid] 
0·00 

-0·36 to 0·36 
-0·46 to 0·46 - 

0·00 

-0·28 to 0·28 
- 1 

Glargine [od] vs Detemir [od/bid] 
0·00 

-0·14 to 0·14 
-0·28 to 0·29 - 

0·07 
-0·18 to 0·32 

- 1 

Glargine [od] vs Detemir [qid] 
0·03 

-0·24 to 0·30 
-0·35 to 0·41 - 

0·03 

-0·12 to 0·18 
- 1 

Detemir [od] vs NPH [od] 
-0·25 

-0·41 to -0·09 
-0·55 to 0·05 - 

-0·19 

-0·33 to -0·06 
-1·04 to 0·66 3 

Detemir [od] vs Detemir [od/bid] 
0·06 

-0·14 to 0·26 
-0·27 to 0·38 - 

-0·04 

-0·27 to 0·19 
- 1 

Common within-network between-study variance τ2 = 0·01, Ι2 = 60% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 1·92 (3, 0·59, 0·02) 

Hypoglyceamia*‡ 

Detemir [od/bid] vs NPH [od/bid] 
0·71 

0·49 to 1·04 
0·30 to 1·67 0·42 

0·77 
0·58 to 1·03 

0·53 to 1·12 7 

Detemir [od] vs NPH [od/bid] 
0·30 

0·07 to 1·37 
0·05 to 1·97 0·79 - - - 

Detemir [qid] vs NPH [od/bid] 
0·75 

0·27 to 2·06 
0·19 to 2·94 0·36 - - - 

Glargine [bid] vs NPH [od/bid] 
0·11 

0·00 to 2·50 
0·00 to 4·13 0·84 - - - 

Glargine [od] vs NPH [od/bid] 
0·67 

0·39 to 1·14 
0·26 to 1·73 0·45 

0·57 

0·26 to 1·26 
0·03 to 12·16 4 

NPH [od/bid] (reference) - - 0·12 - - - 

NPH [od] vs NPH [od/bid] 
0·49 

0·10 to 2·50 
0·07 to 3·61 0·51 - - - 

Glargine [od] vs Detemir [od] 
2·21 

0·53 to 9·10 
0·37 to 12·99 - 

2·21 

0·63 to 7·77 
- 1 

Glargine [od] vs Glargine [bid] 
6·02 

0·28 to 129·60 
0·17 to 213·15 - 

6·02 

0·30 to 120·87 
- 1 

Glargine [od] vs Detemir [od/bid] 
0·94 

0·51 to 1·73 
0·34 to 2·58 - 

2·83 

1·03 to 7·77 
- 1 

Glargine [od] vs Detemir [qid] 
0·89 

0·38 to 2·10 
0·26 to 3·03 - 

0·89 

0·51 to 1·56 
- 1 

Detemir [od] vs NPH [od] 
0·62 

0·34 to 1·13 
0·22 to 1·70 - 

0·61 
0·37 to 1·02 

- 2 

Common within-network between-study variance τ2 = 0·11, Ι2 = 40% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 7·46 (1, 0·01, 0·01) 
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* Aggregate data and fully adjusted results from studies with available individual patient data were used in both 

meta-analysis and network meta-analysis. The mean difference effect size is presented for A1c and the odds ratio 

for severe hypoglycaemia. 

‡ Hypoglycaemia: Studies with available individual patient data included all randomized participants 

Abbreviations: bid, twice daily; CI, Confidence Interval; MA, Meta-Analysis; NMA, Network Meta-analysis; 

NPH, Neutral Protamine Hagedorn; od, once daily; PI, Prediction interval; qid, four times daily 
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Appendix 14: Network subgroup, sensitivity, and meta-regression analysis results  

Treatment Comparison 
NMA 

estimate 
95% CI/CrI 95%PI 

SUCRA/ 

P-score 

A1c 

Mean Difference: Aggregate data and crude results from studies with available individual patient data 

Detemir [od/bid] vs NPH [od/bid] -0·01 -0·12 to 0·10 -0·26 to 0·24 0·71 

Detemir [od] vs NPH [od/bid] 0·10 -0·08 to 0·28 -0·20 to 0·40 0·41 

Detemir [qid] vs NPH [od/bid] -0·02 -0·34 to 0·30 -0·43 to 0·39 0·69 

Glargine [bid] vs NPH [od/bid] 0·00 -0·37 to 0·36 -0·45 to 0·45 0·65 

Glargine [od] vs NPH [od/bid] 0·00 -0·11 to 0·10 -0·25 to 0·25 0·68 

NPH [od/bid] (reference) - - - 0·67 

NPH [od] vs NPH [od/bid] 0·30 0·12 to 0·49 0·00 to 0·60 0·11 

NPH [qid] vs NPH [od/bid] 0·40 0·04 to 0·76 -0·05 to 0·85 0·07 

Common within-network between-study variance τ2 = 0·01, Ι2 = 55% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 2·10 (3, 0·55, 0·01) 

Mean Difference: Fully adjusted results from studies with available individual patient data (two-stage analysis) 

Detemir [od/bid] vs NPH [od/bid] -0·01 -0·09 to 0·07 -0·15 to 0·13 0·63 

Detemir [od] vs NPH [od/bid] -0·05 -0·24 to 0·13 -0·31 to 0·20 0·76 

Detemir [qid] vs NPH [od/bid] 0·03 -0·30 to 0·36 -0·40 to 0·45 0·52 

Glargine [od] vs NPH [od/bid] 0·06 -0·23 to 0·34 -0·31 to 0·42 0·41 

NPH [od/bid] (reference) - - - 0·56 

NPH [od] vs NPH [od/bid] 0·18 -0·07 to 0·42 -0·15 to 0·50 0·12 

Common within-network between-study variance τ2 = 0·00, Ι2 = 14%  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2):  NA (no closed loops) 

Mean Difference: Aggregate data 

Detemir [od/bid] vs NPH [od/bid] -0·03 -0·13 to 0·07 -0·28 to 0·21 0·78 

Detemir [od] vs NPH [od/bid] 0·10 -0·07 to 0·28 -0·19 to 0·39 0·40 

Detemir [qid] vs NPH [od/bid] 0·01 -0·28 to 0·30 -0·37 to 0·39 0·64 

Glargine [bid] vs NPH [od/bid] 0·00 -0·37 to 0·36 -0·45 to 0·44 0·65 

Glargine [od] vs NPH [od/bid] 0·00 -0·11 to 0·10 -0·25 to 0·24 0·68 

NPH [od/bid] (reference) - - - 0·66 

NPH [od] vs NPH [od/bid] 0·30 0·12 to 0·48 0·01 to 0·59 0·11 

NPH [qid] vs NPH [od/bid] 0·40 0·04 to 0·76 -0·05 to 0·84 0·07 

Common within-network between-study variance τ2 = 0·01, Ι2 = 56%  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2):  2·20 (3, 0·53, 0·01) 

Mean Difference: Excluding the nodes with insulin regimen ‘four times’ from the network*  
Detemir [od/bid] vs NPH [od/bid] -0·01 -0·11 to 0·10 -0·27 to 0·26 0·65 

Detemir [od] vs NPH [od/bid] 0·05 -0·14 to 0·25 -0·27 to 0·37 0·45 

Glargine [bid] vs NPH [od/bid] 0·00 -0·38 to 0·37 -0·48 to 0·47 0·61 

Glargine [od] vs NPH [od/bid] 0·00 -0·11 to 0·10 -0·27 to 0·26 0·65 

NPH [od/bid] (reference) - - - 0·62 

NPH [od] vs NPH [od/bid] 0·30 0·11 to 0·50 -0·02 to 0·62 0·01 

Common within-network between-study variance τ2 = 0·01, Ι2 = 60%  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2):  1·92 (3, 0·59, 0·02) 

Mean Difference: Not serious Overall Risk of bias* 

Detemir [od/bid] vs NPH [od/bid] -0·18 -0·39 to 0·03 - 0·63 

Detemir [od] vs NPH [od/bid] -0·22 -0·53 to 0·09 - 0·71 

Detemir [qid] vs NPH [od/bid] -0·22 -0·62 to 0·18 - 0·72 

Glargine [od] vs NPH [od/bid] -0·19 -0·56 to 0·18 - 0·63 

NPH [od/bid] (reference) - - - 0·25 

NPH [qid] vs NPH [od/bid] 0·21 -0·25 to 0·67 - 0·07 

Common within-network between-study variance τ2 = NA (each comparison includes a single study) 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Mean Difference: Serious Overall Risk of bias* 

Detemir [od/bid] vs NPH [od/bid] 0·01 -0·11 to 0·13 -0·27 to 0·29 0·67 

Detemir [od] vs NPH [od/bid] 0·12 -0·12 to 0·36 -0·24 to 0·48 0·37 

Glargine [bid] vs NPH [od/bid] 0·02 -0·36 to 0·40 -0·46 to 0·51 0·61 

Glargine [od] vs NPH [od/bid] 0·02 -0·10 to 0·14 -0·26 to 0·30 0·62 

NPH [od/bid] (reference) - - - 0·72 

NPH [od] vs NPH [od/bid] 0·35 0·14 to 0·57 0·01 to 0·69 0·01 

Common within-network between-study variance: τ2 = 0·01, Ι2 = 62%  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 1·43 (2, 0·49, 0·02) 

Mean Difference: Low Risk of Bias for Allocation Concealment* 
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Detemir [od/bid] vs NPH [od/bid] -0·18 -0·39 to 0·03 - 0·63 

Detemir [od] vs NPH [od/bid] -0·22 -0·53 to 0·09 - 0·71 

Detemir [qid] vs NPH [od/bid] -0·22 -0·62 to 0·18 - 0·72 

Glargine [od] vs NPH [od/bid] -0·19 -0·56 to 0·18 - 0·63 

NPH [od/bid] (reference) - - - 0·25 

NPH [qid] vs NPH [od/bid] 0·21 -0·25 to 0·67 - 0·07 

Common within-network between-study variance: τ2 = NA (each comparison includes a single study) 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Mean Difference: Unclear Risk of Bias for Allocation Concealment* 

Detemir [od/bid] vs NPH [od/bid] 0·01 -0·12 to 0·14 -0·31 to 0·34 0·68 

Detemir [od] vs NPH [od/bid] 0·15 -0·16 to 0·45 -0·30 to 0·59 0·37 

Glargine [bid] vs NPH [od/bid] 0·04 -0·37 to 0·45 -0·50 to 0·58 0·60 

Glargine [od] vs NPH [od/bid] 0·04 -0·10 to 0·18 -0·29 to 0·37 0·59 

NPH [od/bid] (reference) - - - 0·73 

NPH [od] vs NPH [od/bid] 0·37 0·12 to 0·61 -0·03 to 0·77 0·03 

Common within-network between-study variance: τ2 = 0·02, Ι2 = 68% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 2·18 (2, 0·34, 0·02) 

Mean Difference: High risk of bias for Incomplete Data* 

Detemir [od/bid] vs NPH [od/bid] 0·05 -0·56 to 0·66 -1·79 to 1·89 0·60 

Detemir [od] vs NPH [od/bid] 0·28 -0·54 to 1·10 -1·92 to 2·48 0·41 

Glargine [od] vs NPH [od/bid] 0·05 -0·54 to 0·64 -1·75 to 1·85 0·67 

NPH [od/bid] (reference) - - - 0·69 

NPH [od] vs NPH [od/bid] 0·44 -0·29 to 1·18 -1·61 to 2·50 0·14 

Common within-network between-study variance: τ2 = 0·09, Ι2 = 84%  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Mean Difference: Unclear risk of bias for Incomplete Data* 

Detemir [od/bid] vs NPH [od/bid] -0·10 -1·93 to 1·73 - 0·54 

Glargine [od] vs NPH [od/bid] -0·17 -1·50 to 1·16 - 0·60 

NPH [od/bid] (reference) - - - 0·48 

NPH [od] vs NPH [od/bid] 0·23 -2·05 to 2·50 - 0·39 

Common within-network between-study variance: τ2 = 0·87, Ι2 = 94% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Mean Difference: Low risk of bias for Incomplete Data* 

Detemir [od/bid] vs NPH [od/bid] 0·00 -0·08 to 0·08 -0·09 to 0·10 0·58 

Detemir [od] vs NPH [od/bid] -0·03 -0·19 to 0·14 -0·22 to 0·16 0·69 

Detemir [qid] vs NPH [od/bid] -0·01 -0·16 to 0·15 -0·19 to 0·18 0·62 

Glargine [bid] vs NPH [od/bid] 0·02 -0·26 to 0·31 -0·31 to 0·35 0·53 

Glargine [od] vs NPH [od/bid] 0·02 -0·01 to 0·06 -0·03 to 0·08 0·43 

NPH [od/bid] (reference) - - - 0·64 

NPH [qid] vs NPH [od/bid] 0·42 0·14 to 0·70 0·10 to 0·75 0·01 

Common within-network between-study variance: τ2 = 0·00, Ι2 = 3%  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 0·23 (2, 0·89, 0·00) 

Mean Difference: Non-Sponsored Studies* 

Glargine [od] vs NPH [od] -0·40 -0·68 to -0·12 - 1·00 

NPH [od] (reference) - - - 0·25 

NPH [qid] vs NPH [od] 0·00 -0·39 to 0·39 - 0·25 

Common within-network between-study variance: τ2 = NA (each comparison includes a single study) 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Mean Difference: Industry-Sponsored Studies* 

Detemir [od/bid] vs NPH [od/bid] -0·01 -0·10 to 0·09 -0·22 to 0·21 0·61 

Detemir [od] vs NPH [od/bid] 0·03 -0·15 to 0·21 -0·24 to 0·30 0·46 

Detemir [qid] vs NPH [od/bid] -0·03 -0·28 to 0·21 -0·36 to 0·29 0·67 

Glargine [bid] vs NPH [od/bid] 0·00 -0·35 to 0·34 -0·42 to 0·41 0·58 

Glargine [od] vs NPH [od/bid] 0·00 -0·10 to 0·09 -0·22 to 0·21 0·60 

NPH [od/bid] (reference) - - - 0·57 

NPH [od] vs NPH [od/bid] 0·27 0·09 to 0·46 0·00 to 0·55 0·02 

Common within-network between-study variance: τ2 = 0·01, Ι2 = 49% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 1·91 (3, 0·59, 0·01) 

Mean Difference: Meta-regression, Baseline Mean A1c*†† 

Glargine [od] vs NPH [od/bid] 0·00 -0·13 to 0·13 -0·34 to 0·33 0·63 

NPH [qid] vs NPH [od/bid] 0·30 -0·16 to 0·73 -0·25 to 0·82 0·16 

NPH [od/bid] (reference) - - - 0·64 

NPH [od] vs NPH [od/bid] 0·29 0·06 to 0·50 -0·10 to 0·66 0·10 

Detemir [od] vs NPH [od/bid] 0·05 -0·18 to 0·27 -0·34 to 0·43 0·51 

Detemir [od/bid] vs NPH [od/bid] -0·02 -0·16 to 0·10 -0·37 to 0·30 0·74 

Detemir [qid] vs NPH [od/bid] -0·04 -0·42 to 0·31 -0·53 to 0·42 0·72 
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Regression coefficient -0·12 -0·28 to 0·02 - - 

Common within-network between-study variance: τ2 = 0·02             

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 1·93 (3, 0·59, 0·02) 

Mean Difference: Meta-regression, Trial Mean Age*†† 

Glargine [od] vs NPH [od/bid] -0·02 -0·19 to 0·11 -0·41 to 0·33 0·73 

NPH [qid] vs NPH [od/bid] 0·42 -0·04 to 0·87 -0·15 to 0·98 0·10 

NPH [od/bid] (reference) - - - 0·66 

NPH [od] vs NPH [od/bid] 0·32 0·08 to 0·56 -0·10 to 0·73 0·12 

Detemir [od] vs NPH [od/bid] 0·09 -0·17 to 0·35 -0·33 to 0·52 0·46 

Glargine [bid] vs NPH [od/bid] 0·04 -0·43 to 0·50 -0·54 to 0·61 0·58 

Detemir [od/bid] vs NPH [od/bid] -0·01 -0·15 to 0·13 -0·37 to 0·35 0·68 

Detemir [qid] vs NPH [od/bid] -0·01 -0·42 to 0·37 -0·55 to 0·50 0·67 

Regression coefficient 0·01 -0·01 to 0·04 - - 

Common within-network between-study variance: τ2 = 0·02             

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 1·93 (3, 0·59, 0·02) 

Mean Difference: Meta-regression, Percent of Male Participants*†† 

Glargine [od] vs NPH [od/bid] 0·00 -0·14 to 0·11 -0·34 to 0·30 0·64 

NPH [qid] vs NPH [od/bid] 0·39 -0·03 to 0·80 -0·12 to 0·89 0·08 

NPH [od/bid] (reference) - - - 0·62 

Detemir [od/bid] vs NPH [od/bid] -0·03 -0·16 to 0·09 -0·36 to 0·29 0·74 

NPH [od] vs NPH [od/bid] 0·30 0·08 to 0·52 -0·07 to 0·66 0·12 

Detemir [od] vs NPH [od/bid] 0·04 -0·19 to 0·26 -0·34 to 0·40 0·52 

Glargine [bid] vs NPH [od/bid] 0·01 -0·42 to 0·43 -0·51 to 0·52 0·59 

Detemir [qid] vs NPH [od/bid] -0·03 -0·39 to 0·31 -0·50 to 0·41 0·69 

Regression coefficient 0·00 0·00 to 0·01 - - 

Common within-network between-study variance: τ2 = 0·02  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 1·92 (3, 0·59, 0·02) 

Mean Difference: Meta-regression, Study Duration*†† 

Glargine [od] vs NPH [od/bid] -0·02 -0·17 to 0·12 -0·39 to 0·34 0·67 

NPH [qid] vs NPH [od/bid] 0·41 -0·06 to 0·86 -0·17 to 0·96 0·09 

NPH [od/bid] (reference) - - - 0·60 

Detemir [od/bid] vs NPH [od/bid] -0·01 -0·15 to 0·12 -0·38 to 0·35 0·65 

NPH [od] vs NPH [od/bid] 0·30 0·06 to 0·54 -0·12 to 0·71 0·12 

Detemir [od] vs NPH [od/bid] 0·03 -0·22 to 0·29 -0·38 to 0·45 0·53 

Glargine [bid] vs NPH [od/bid] 0·01 -0·46 to 0·45 -0·57 to 0·55 0·60 

Detemir [qid] vs NPH [od/bid] -0·07 -0·50 to 0·34 -0·61 to 0·46 0·73 

Regression coefficient 0·00 -0·01 to 0·00 - - 

Common within-network between-study variance: τ2 = 0·02             

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 1·92 (3, 0·59, 0·02) 

Mean Difference: Accounting for missing outcome data - Informative Missingness Difference of Means*|| 

Detemir [od/bid] vs NPH [od/bid] 0·02 -0·09 to 0·13 -0·09 to 0·13 0.67 

Detemir [od] vs NPH [od/bid] 0·10 -0·10 to 0·29 -0·10 to 0·29 0.45 

Detemir [qid] vs NPH [od/bid] -0·01 -0·27 to 0·24 -0·27 to 0·24 0.72 

Glargine [bid] vs NPH [od/bid] 0·03 -0·25 to 0·31 -0·25 to 0·31 0.62 

Glargine [od] vs NPH [od/bid] 0·03 0·01 to 0·05 0·01 to 0·05 0.58 

NPH [od/bid] (reference) - - - 0.78 

NPH [od] vs NPH [od/bid] 0·28 0·10 to 0·45 0·10 to 0·45 0.14 

NPH [qid] vs NPH [od/bid] 0·43 0·15 to 0·70 0·15 to 0·70 0.04 

Common within-network between-study variance τ2 = 0·00 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 2·73 (3, 0·44, 0·02) 

Severe hypoglycaemia 

Odds Ratio: Aggregate data and crude results from studies with available individual patient data 

Detemir [od/bid] vs NPH [od/bid] 0·75 0·53 to 1·05 0·32 to 1·75 0·39 

Detemir [od] vs NPH [od/bid] 0·30 0·07 to 1·37 0·05 to 1·97 0·80 

Detemir [qid] vs NPH [od/bid] 0·76 0·28 to 2·07 0·19 to 2·99 0·36 

Glargine [bid] vs NPH [od/bid] 0·11 0·00 to 2·48 0·00 to 4·12 0·85 

Glargine [od] vs NPH [od/bid] 0·66 0·39 to 1·12 0·25 to 1·73 0·47 

NPH [od/bid] (reference) - - - 0·12 

NPH [od] vs NPH [od/bid] 0·48 0·10 to 2·46 0·07 to 3·57 0·52 

Common within-network between-study variance τ2 = 0·12, Ι2 = 49% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 4·26 (1, 0·04, 0·06) 

Odds Ratio: Fully adjusted results from studies with available individual patient data (two-stage analysis) 

Detemir [od/bid] vs NPH [od/bid] 0·77 0·58 to 1·03 0·53 to 1·12 0·97 

Detemir [qid] vs NPH [od/bid] 2·45 0·75 to 8·01 0·52 to 11·59 0·15 

Glargine [od] vs NPH [od/bid] 2·19 0·77 to 6·25 0·56 to 8·66 0·25 

NPH [od/bid] (reference) - - - 0·63 
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Common within-network between-study variance τ2 = 0·00, Ι2 = 0% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Odds Ratio: Aggregate data  

Detemir [od/bid] vs NPH [od/bid] 0·70 0·47 to 1·05 0·24 to 2·01 0·49 

Detemir [od] vs NPH [od/bid] 0·32 0·06 to 1·63 0·04 to 2·56 0·78 

Detemir [qid] vs NPH [od/bid] 1·18 0·39 to 3·59 0·24 to 5·74 0·18 

Glargine [bid] vs NPH [od/bid] 0·10 0·00 to 2·32 0·00 to 4·04 0·87 

Glargine [od] vs NPH [od/bid] 0·70 0·38 to 1·30 0·22 to 2·28 0·48 

NPH [od/bid] (reference) - - - 0·20 

NPH [od] vs NPH [od/bid] 0·54 0·09 to 3·16 0·06 to 4·98 0·50 

Common within-network between-study variance τ2 = 0·18, Ι2 = 56% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 5·46 (1, 0·02, 0·09) 

Odds Ratio: Excluding the nodes with insulin regimen ‘four times’ from the network* 

Detemir [od/bid] vs NPH [od/bid] 0·71 0·49 to 1·04 0·30 to 1·67 0·39 

Detemir [od] vs NPH [od/bid] 0·30 0·07 to 1·37 0·05 to 1·97 0·78 

Glargine [bid] vs NPH [od/bid] 0·11 0·00 to 2·50 0·00 to 4·13 0·84 

Glargine [od] vs NPH [od/bid] 0·67 0·39 to 1·14 0·26 to 1·73 0·42 

NPH [od/bid] (reference) - - - 0·09 

NPH [od] vs NPH [od/bid] 0·49 0·10 to 2·50 0·07 to 3·61 0·48 

Common within-network between-study variance τ2 = 0·11, Ι2 = 40%  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2):  7·46 (1, 0·01, 0·01) 

Odds Ratio: Not serious Overall Risk of Bias* 

Detemir [od/bid] vs NPH [od/bid] 0·78 0·31 to 1·97 - 0·57 

Detemir [qid] vs NPH [od/bid] 0·84 0·05 to 14·97 - 0·46 

Glargine [od] vs NPH [od/bid] 0·75 0·04 to 12·61 - 0·58 

NPH [od/bid] (reference) - - - 0·39 

Common within-network between-study variance: τ2 = NA (each comparison includes a single study) 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Odds Ratio: Serious Overall Risk of Bias* 

Detemir [od/bid] vs NPH [od/bid] 0·70 0·46 to 1·09 0·25 to 1·98 0·41 

Detemir [od] vs NPH [od/bid] 0·31 0·06 to 1·52 0·04 to 2·46 0·76 

Glargine [bid] vs NPH [od/bid] 0·11 0·00 to 2·66 0·00 to 5·17 0·83 

Glargine [od] vs NPH [od/bid] 0·69 0·38 to 1·23 0·22 to 2·13 0·41 

NPH [od/bid] (reference) - - - 0·11 

NPH [od] vs NPH [od/bid] 0·50 0·09 to 2·81 0·05 to 4·60 0·47 

Common within-network between-study variance: τ2 = 0·15, Ι2 = 51%  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 6·06 (1, 0·01, 0·04) 

Odds Ratio: Low Risk of Bias for Allocation Concealment* 

Detemir [od/bid] vs NPH [od/bid] 0·78 0·31 to 1·97 - 0·57 

Detemir [qid] vs NPH [od/bid] 0·84 0·05 to 14·97 - 0·46 

Glargine [od] vs NPH [od/bid] 0·75 0·04 to 12·61 - 0·58 

NPH [od/bid] (reference) - - - 0·39 

Common within-network between-study variance: τ2 = NA, (each comparison includes a single study) 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Odds Ratio: Unclear Risk of Bias for Allocation Concealment* 

Detemir [od/bid] vs NPH [od/bid] 0·74 0·55 to 0·98 0·51 to 1·06 0·61 

Detemir [od] vs NPH [od/bid] 0·54 0·13 to 2·18 0·10 to 3·09 0·66 

Glargine [bid] vs NPH [od/bid] 0·20 0·01 to 4·24 0·00 to 9·06 0·81 

Glargine [od] vs NPH [od/bid] 1·20 0·66 to 2·17 0·57 to 2·52 0·14 

NPH [od/bid] (reference) - - - 0·27 

Detemir [od/bid] vs NPH [od/bid] 0·74 0·55 to 0·98 0·51 to 1·06 0·61 

Detemir [od] vs NPH [od/bid] 0·54 0·13 to 2·18 0·10 to 3·09 0·66 

Common within-network between-study variance: τ2 = 0·00, Ι2 = 0% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 1·86 (1, 0·17, 0·00) 

Odds Ratio: Low Risk of Bias for Incomplete Data* 

Detemir [od/bid] vs NPH [od/bid] 0·62 0·39 to 0·99 0·20 to 1·96 0·50 

Detemir [od] vs NPH [od/bid] 0·30 0·06 to 1·54 0·03 to 2·90 0·74 

Detemir [qid] vs NPH [od/bid] 0·75 0·23 to 2·43 0·13 to 4·39 0·35 

Glargine [bid] vs NPH [od/bid] 0·11 0·00 to 2·65 0·00 to 6·58 0·85 

Glargine [od] vs NPH [od/bid] 0·67 0·35 to 1·29 0·19 to 2·42 0·44 

NPH [od/bid] (reference) - - - 0·12 

Common within-network between-study variance: τ2 = 0·16, Ι2 = 49%  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 7·84 (1, 0·01, 0·00) 

Odds Ratio: Unclear Risk of Bias for Incomplete Data* 

Detemir [od/bid] vs NPH [od/bid] 1·28 0·37 to 4·49 - 0·35 

NPH [od/bid] (reference) - - - 0·65 
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Common within-network between-study variance: τ2 = NA (each comparison includes a single study) 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Odds Ratio: High Risk of Bias for Incomplete Data* 

First sub-network (disconnected overall network) 

Detemir [od/bid] vs NPH [od/bid] 1·19 0·49 to 2·91 - 0·29 

Glargine [od] vs NPH [od/bid] 0·71 0·27 to 1·89 - 0·77 

NPH [od/bid] (reference) - - - 0·45 

Common within-network between-study variance: τ2 = N/A (each comparison includes a single study) 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Second sub-network (disconnected overall network) 

Detemir [od] vs NPH [od] 0·61 0·37 to 1·02 - 0·97 

NPH [od] (reference) - - - 0·03 

Common within-network between-study variance: τ2 = 0·05, Ι2 = 40% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): NA (no closed loops) 

Odds Ratio: Industry-Sponsored Studies* 

Detemir [od/bid] vs NPH [od/bid] 0·71 0·49 to 1·04 0·30 to 1·67 0·42 

Detemir [od] vs NPH [od/bid] 0·30 0·07 to 1·37 0·05 to 1·97 0·79 

Detemir [qid] vs NPH [od/bid] 0·75 0·27 to 2·06 0·19 to 2·94 0·36 

Glargine [bid] vs NPH [od/bid] 0·11 0·00 to 2·50 0·00 to 4·13 0·84 

Glargine [od] vs NPH [od/bid] 0·67 0·39 to 1·14 0·26 to 1·73 0·45 

NPH [od/bid] (reference) - - - 0·12 

NPH [od] vs NPH [od/bid] 0·49 0·10 to 2·50 0·07 to 3·61 0·51 

Common within-network between-study variance: τ2 = 0·11, Ι2 = 40% 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 7·46 (1, 0·01, 0·01) 

Odds Ratio: Meta-regression, Trial Mean Baseline A1c*†† 

Glargine [od] vs NPH [od/bid] 0·67 0·38 to 1·32 0·25 to 2·10 0·46 

NPH [od/bid] (reference) - - - 0·12 

NPH [od] vs NPH [od/bid] 0·26 0·03 to 1·99 0·03 to 2·34 0·73 

Detemir [od] vs NPH [od/bid] 0·19 0·03 to 1·15 0·03 to 1·39 0·92 

Detemir [od/bid] vs NPH [od/bid] 0·69 0·46 to 1·09 0·27 to 1·93 0·45 

Detemir [qid] vs NPH [od/bid] 0·79 0·26 to 2·88 0·20 to 3·82 0·32 

Regression coefficient  1·68 0·78 to 3·87 - - 

Common within-network between-study variance: τ2 = 0·12          

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 7·46 (1, 0·01, 0·01) 

Odds Ratio: Meta-regression, Trial Mean Age*†† 

Glargine [od] vs NPH [od/bid] 0·67 0·37 to 1·41 0·22 to 2·52 0·43 

NPH [od/bid] (reference) - - - 0·15 

NPH [od] vs NPH [od/bid] 0·41 0·05 to 3·75 0·04 to 4·89 0·54 

Detemir [od] vs NPH [od/bid] 0·26 0·04 to 1·91 0·03 to 2·44 0·77 

Glargine [bid] vs NPH [od/bid] 0·11 0·00 to 2·77 0·00 to 3·29 0·83 

Detemir [od/bid] vs NPH [od/bid] 0·73 0·45 to 1·20 0·24 to 2·27 0·40 

Detemir [qid] vs NPH [od/bid] 0·72 0·21 to 3·09 0·15 to 4·35 0·37 

Regression coefficient  0·98 0·88 to 1·09 - - 

Common within-network between-study variance: τ2 = 0·18 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 7·46 (1, 0·01, 0·01) 

Odds Ratio: Meta-regression, Percent of Male Participants*†† 

Glargine [od] vs NPH [od/bid] 0·68 0·37 to 1·44 0·22 to 2·62 0·44 

NPH [od/bid] (reference) - - - 0·16 

NPH [od] vs NPH [od/bid] 0·50 0·08 to 3·59 0·06 to 4·76 0·50 

Detemir [od] vs NPH [od/bid] 0·31 0·06 to 1·86 0·04 to 2·48 0·77 

Glargine [bid] vs NPH [od/bid] 0·11 0·00 to 2·85 0·00 to 3·37 0·84 

Detemir [od/bid] vs NPH [od/bid] 0·73 0·44 to 1·21 0·23 to 2·31 0·42 

Detemir [qid] vs NPH [od/bid] 0·76 0·22 to 3·13 0·15 to 4·50 0·36 

Regression coefficient  1·00 0·98 to 1·02 - - 

Common within-network between-study variance: τ2 = 0·19  

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 7·46 (1, 0·01, 0·01) 

Odds Ratio: Meta-regression, Study Duration*†† 

Glargine [od] vs NPH [od/bid] 0·72 0·39 to 1·53 0·25 to 2·59 0·42 

NPH [od/bid] (reference) - - - 0·17 

NPH [od] vs NPH [od/bid] 0·41 0·06 to 3·06 0·05 to 3·83 0·58 

Detemir [od] vs NPH [od/bid] 0·30 0·06 to 1·73 0·05 to 2·23 0·76 

Glargine [bid] vs NPH [od/bid] 0·11 0·00 to 2·73 0·00 to 3·07 0·84 

Detemir [od/bid] vs NPH [od/bid] 0·73 0·47 to 1·16 0·25 to 2·15 0·43 

Detemir [qid] vs NPH [od/bid] 0·90 0·24 to 4·00 0·18 to 5·44 0·29 

Regression coefficient 1·01 0·99 to 1·02 - - 

Common within-network between-study variance: τ2 = 0·15 
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Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 7·46 (1, 0·01, 0·01) 

Odds Ratio: Accounting for missing outcome data - Informative Missingness Odds Ratio*|| 

Detemir [od/bid] vs NPH [od/bid] 0·72 0·50 to 1·05 0·50 to 1·05 0.42 

Detemir [od] vs NPH [od/bid] 0·29 0·06 to 1·50 0·06 to 1·50 0.77 

Detemir [qid] vs NPH [od/bid] 0·78 0·26 to 2·32 0·26 to 2·32 0.35 

Glargine [bid] vs NPH [od/bid] 0·03 0·00 to 3·38 0·00 to 3·38 0.89 

Glargine [od] vs NPH [od/bid] 0·67 0·37 to 1·21 0·37 to 1·21 0.45 

NPH [od/bid] (reference) - - - 0.14 

NPH [od] vs NPH [od/bid] 0·48 0·08 to 2·74 0·08 to 2·74 0.50 

Common within-network between-study variance: τ2 = 0·14 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): 3·60 (1, 0·06, 0·07) 

* Aggregate data and fully adjusted results from studies with available individual patient data 

†† Analyses were conducted in Jags, and SUCRA values were calculated instead of P-scores 

|| Analyses were conducted in Stata using the metamiss2 and network commands; I2 is not available; SUCRA values are 

presented instead of P-scores 

Abbreviations: A1c, glycated haemoglobin; bid, twice daily; CI, Confidence Interval; CrI, Credible Interval; NA, Not 

Applicable; NPH, Neutral Protamine Hagedorn; od, once daily; PI, predictive interval; qid, four times daily; SUCRA, 

Surface Under the Cumulative Ranking Curve 
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Appendix 15: CINeMA results 

A1c  

 
Abbreviations: AD, Aggregate Data; bid, twice daily; IPD, Individual Patient Data; NPH, neutral protamine Hagedorn; od, once daily; qid, four times daily
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Severe hypoglycaemia  

 
Abbreviations: AD, Aggregate Data; bid, twice daily; IPD, Individual Patient Data; NPH, neutral protamine Hagedorn; od, once daily; qid, four times daily

Comparison
Number of 

studies

Nature of 

evidence
Type of data Within-study bias Reporting bias Indirectness Imprecision Heterogeneity Incoherence

Confidence 

rating

Detemir [od/bid]:Glargine [od] 1 Mixed IPD Major concerns Suspected No concerns Major concerns No concerns No concerns Very Low

Detemir [od/bid]:NPH [od/bid] 7 Mixed IPD Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [od]:Glargine [od] 1 Mixed AD Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [od]:NPH [od] 2 Mixed IPD Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [qid]:Glargine [od] 1 Mixed IPD No concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Glargine [bid]:Glargine [od] 1 Mixed AD Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Glargine [od]:NPH [od/bid] 4 Mixed AD Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [od]:Detemir [od/bid] 0 Indirect - Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [od/bid]:Detemir [qid] 0 Indirect - Some concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [od/bid]:Glargine [bid] 0 Indirect - Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [od/bid]:NPH [od] 0 Indirect - Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [od]:Detemir [qid] 0 Indirect - Some concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [od]:Glargine [bid] 0 Indirect - Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [od]:NPH [od/bid] 0 Indirect - Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [qid]:Glargine [bid] 0 Indirect - Some concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [qid]:NPH [od/bid] 0 Indirect - Some concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Detemir [qid]:NPH [od] 0 Indirect - Some concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Glargine [bid]:NPH [od/bid] 0 Indirect - Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Glargine [bid]:NPH [od] 0 Indirect - Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

Glargine [od]:NPH [od] 0 Indirect - Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low

NPH [od]:NPH [od/bid] 0 Indirect - Major concerns Suspected No concerns Major concerns No concerns Major concerns Very Low
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Appendix 16: Study definitions for severe hypoglycaemic events 

Author, year Definitions of severe hypoglycemia 

Ashwell, 2006 Hypoglycemia was classified as anytime severe (requiring third party assistance) 

Bartley, 2008 Severe hypoglycemia unspecified 

Bolli, 2009 Severe hypoglycemia an event with symptoms consistent with hypoglycemia, during which the 

participant required the assistance of another person, or with prompt recovery after oral carbohydrate, 

intravenous glucose or glucagon administration· 

Chatterjee, 2007 Severe hypoglycemia was defined as a hypoglycemic episode requiring third-party assistance and/or 
intravenous glucose or intramuscular glucagon 

De Leeuw, 2005 Hypoglycemic episodes were classified as major [an episode with severe central nervous system (CNS) 

symptoms consistent with hypoglycemia, in which the subject was unable to treat himself/herself and 

which had one of the following characteristics: BG recorded as <2·8 mmol/l or symptom reversal 

achieved with food, glucose or glucagon] 

Derosa, 2015 NR 

Fulcher, 2005 A severe event was one where symptoms consistent with hypoglycemia required the assistance of another 

person and was associated with a BG level <2·8 mmol/L or prompt recovery after oral carbohydrate, i·v· 

glucose or s·c· glucagon administration 

Heller, 2009 "Hypoglycemic episodes were defined as major (the patient could not treat the episode by 
himself/herself) 

Home, 2004 Hypoglycemic episodes were classified as major (requiring assistance from another person) 

Kolendorf, 2006 Hypoglycemic episodes were classified as severe if help from others was required 

Le Floch, 2009 NR 

Mathiesen, 2012 "Major hypoglycemia was defined as an episode in which the subject was unable to treat herself" 

Pesic, 2007 NR 

Pieber, 2000 Episodes of hypoglycemia (2·8 mmol/l) were recorded by the patients and were classified as severe 

(requiring assistance)·Hypoglycemia was reported as a serious adverse event when it led to coma or to a 

car accident” 

Peiber, 2005 NR 

Pieber, 2007 Hypoglycemic episodes were recorded throughout the trial and were classified as severe if help from a 

third party was required 

Porcellati, 2004 Hypoglycemia was considered …severe when the episode required external help (any kind) 

Radman, 2007 NR 

Raskin, 2000 Severe hypoglycemia was defined as an event with symptoms consistent with hypoglycemia in which the 

subject required assistance from another person and which was accompanied by a blood glucose level 

<36·0 mg/dl (2·0 mmol/l) or associated with prompt recovery after oral carbohydrate, intravenous 

glucose, or glucagon administration 

Ratner, 2000  
(CR: Hershon, 2004) 

Any episode of hypoglycemia that met the criteria for a serious adverse event (e·g·, death, a life-
threatening episode, hospitalization, or medical intervention to prevent permanent impairment) was 

considered to be a treatment related adverse event 

Renard, 2011 Severe hypoglycemia was defined as an episode in which the patient’s condition requires the 
indispensable assistance of a third person and is associated with blood glucose of <1·98 mmol/L or a 

quick recovery after ingestion of sugar or intravenous glucose or glucagon administration 

Rosenstock, 2000 NR 

Rossetti, 2003 Hypoglycemia was considered severe when the episode required any kind of external help· 

hypoglycemia was defined as any episode associated with measurement of blood glucose <4·0 mmol/l 

irrespective of symptoms, as previously reported 

Russell-Jones, 2004 A hypoglycemic episode was classified as major if the patient was unable to self treat 

Standl, 2004 Hypoglycemia was defined as major if third-party help was required 

Vague, 2003 Hypoglycemia episodes were classified as “major” if assistance to treat was required· 

van Golen, 2013 Severe hypoglycemia defined as an episode that requires external assistance for recovery 

Zachariah, 2011 Major hypoglycemia episodes: defined as patients unable to treat themselves 

Abbreviations: BG, Blood Glucose; CR, Companion Report; NR, Not Reported 
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Appendix 18: Direct and indirect evidence for severe hypoglycaemia [side-splitting approach] 

Treatment 

Comparison 

Direct evidence  

odds ratio (95% CI) 

Indirect evidence  

odds ratio (95% CI) 

NMA  

odds ratio (95% CI) 

P -value of 

inconsistency 

test 

Contribution 

of direct 

evidence to 

NMA 

Detemir [od/bid] vs 

Detemir [od] 
- 2·36 (0·50 to 11·02) 2·36 (0·50 to 11·02) - - 

Detemir [od/bid] vs 
Detemir [qid] 

- 0·95 (0·33 to 2·72) 0·95 (0·33 to 2·72) - - 

Detemir [od/bid] vs 

Glargine [bid] 
- 6·42 (0·28 to 146·94) 6·42 (0·28 to 146·94) - - 

Detemir [od/bid] vs 

Glargine [od] 
0·35 (0·11 to 1·17) 1·57 (0·77 to 3·16) 1·06 (0·58 to 1·95) 0·04 0·26 

Detemir [od/bid] vs 

NPH [od/bid] 
0·80 (0·54 to 1·19) 0·18 (0·05 to 0·69) 0·71 (0·49 to 1·04) 0·04 0·92 

Detemir [od/bid] vs 

NPH [od] 
- 1·45 (0·28 to 7·61) 1·45 (0·28 to 7·61) - - 

Detemir [od] vs 
Detemir [qid] 

- 0·40 (0·08 to 2·12) 0·40 (0·08 to 2·12) - - 

Detemir [od] vs 

Glargine [bid] 
- 2·72 (0·09 to 79·84) 2·72 (0·09 to 79·84) - - 

Detemir [od] vs 

Glargine [od] 
0·45 (0·11 to 1·88) NA 0·45 (0·11 to 1·88) - 1·00 

Detemir [od] vs 

NPH [od/bid] 
- 0·30 (0·07 to 1·38) 0·30 (0·07 to 1·38) - - 

Detemir [od] vs 

NPH [od] 
0·62 (0·34 to 1·13) NA 0·62 (0·34 to 1·13) - 1·00 

Detemir [qid] vs 
Glargine [bid] 

- 6·75 (0·28 to 164·02) 6·75 (0·28 to 164·02) - - 

Detemir [qid] vs 

Glargine [od] 
1·13 (0·48 to 2·66) NA 1·13 (0·48 to 2·66) - 1·00 

Detemir [qid] vs 
NPH [od/bid] 

- 0·75 (0·27 to 2·05) 0·75 (0·27 to 2·05) - - 

Detemir [qid] vs 

NPH [od] 
- 1·52 (0·26 to 8·94) 1·52 (0·26 to 8·94) - - 

Glargine [bid] vs 

Glargine [od] 
0·17 (0·01 to 3·60) NA 0·17 (0·01 to 3·60) - 1·00 

Glargine [bid] vs 

NPH [od/bid] 
- 0·11 (0·00 to 2·51) 0·11 (0·00 to 2·51) - - 

Glargine [bid] vs 

NPH [od] 
- 0·23 (0·01 to 7·03) 0·23 (0·01 to 7·03) - - 

Glargine [od] vs 
NPH [od/bid] 

0·51 (0·28 to 0·92) 2·27 (0·64 to 8·00) 0·66 (0·39 to 1·14) 0·04 0·82 

Glargine [od] vs 

NPH [od] 
- 1·36 (0·29 to 6·36) 1·36 (0·29 to 6·36) - - 

NPH [od] vs      

NPH [od/bid] 
- 0·49 (0·10 to 2·51) 0·49 (0·10 to 2·51) - - 

Abbreviations: bid=twice daily; CI, Confidence Interval; NA, not applicable; NMA, Network Meta-Analysis; 

NPH, Neutral Protamine Hagedorn; od=once daily; qid=four times daily· 
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Appendix 19: Network meta-analysis results using studies with available individual patient data only 

Treatment Comparison 
NMA 

estimate 
95% CI 

SUCRA/ 

P-score 

A1c 

One-stage analysis 

Mean Difference: No adjustment, vague prior, and no imputation 

Detemir [bid] vs NPH [od/bid] 0·08 -0·24 to 1·03 0·67 

NPH [od/bid] (reference) - - 0·58 

NPH [bid] vs NPH [od/bid] 0·12 -0·25 to 1·19 0·39 

Detemir [qid] vs NPH [od/bid] 0·09 -0·51 to 1·12 0·45 

Detemir [od/bid] vs NPH [od/bid] -0·05 -0·40 to 0·32 0·66 

Glargine [od] vs NPH [od/bid] 0·11 -0·38 to 0·91 0·40 

Detemir [od] vs NPH [od/bid] 0·01 -0·42 to 2·22 0·61 

NPH [od] vs NPH [od/bid] 0·18 -0·29 to 2·61 0·26 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [identical regression coefficients across studies and comparisons], vague prior, 

and no imputation 

Detemir [bid] vs NPH [od/bid] 0·03 -0·27 to 0·32 0·65 

NPH [od/bid] (reference) - - 0·65 

NPH [bid] vs NPH [od/bid] 0·14 -0·19 to 0·46 0·34 

Detemir [qid] vs NPH [od/bid] 0·09 -0·42 to 0·60 0·48 

Detemir [od/bid] vs NPH [od/bid] 0·06 -0·18 to 0·31 0·49 

Glargine [od] vs NPH [od/bid] 0·09 -0·34 to 0·52 0·47 

Detemir [od] vs NPH [od/bid] -0·02 -0·41 to 0·38 0·71 

NPH [od] vs NPH [od/bid] 0·21 -0·22 to 0·65 0·21 
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t Age -0·01 -0·01 to 0·00 - 

Sex 0·01 -0·05 to 0·07 - 

A1c Baseline 0·63 0·60 to 0·65 - 

Diabetes related complications 0·01 -0·20 to 0·22 - 

Diabetes related comorbidities 0·01 -0·07 to 0·09 - 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [independent regression coefficients across studies and comparisons], vague 

prior, and no imputation 

Detemir [bid] vs NPH [od/bid] 0·05 -0·22 to 0·34 0·72 

NPH [od/bid] (reference) - - 0·69 

NPH [bid] vs NPH [od/bid] 0·18 -0·13 to 0·51 0·31 

Detemir [qid] vs NPH [od/bid] 0·12 -0·37 to 0·65 0·46 

Detemir [od/bid] vs NPH [od/bid] 0·08 -0·17 to 0·33 0·49 

Glargine [od] vs NPH [od/bid] 0·12 -0·29 to 0·57 0·45 

Detemir [od] vs NPH [od/bid] 0·01 -0·36 to 0·40 0·69 

NPH [od] vs NPH [od/bid] 0·25 -0·17 to 0·68 0·20 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: No adjustment, informative prior, and no imputation 

Detemir [bid] vs vs NPH [od/bid] 0·06 -0·23 to 0·36 0·64 

NPH [od/bid] (reference) - - 0·56 

NPH [bid] vs NPH [od/bid] 0·10 -0·23 to 0·44 0·37 

Detemir [qid] vs NPH [od/bid] 0·06 -0·42 to 0·59 0·47 

Detemir [od/bid] vs NPH [od/bid] -0·04 -0·34 to 0·25 0·64 

Glargine [od] vs NPH [od/bid] 0·09 -0·32 to 0·52 0·41 

Detemir [od] vs NPH [od/bid] -0·01 -0·42 to 0·42 0·64 

NPH [od] vs NPH [od/bid] 0·16 -0·27 to 0·64 0·26 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [identical regression coefficients across studies and comparisons, informative 

prior, and no imputation  

Detemir [bid] vs NPH [od/bid] 0·01 -1·55 to 0·29 0·60 

NPH [od/bid] (reference) - - 0·63 

NPH [bid] vs NPH [od/bid] 0·13 -1·67 to 0·44 0·35 

Detemir [qid] vs NPH [od/bid] 0·06 -2·55 to 0·53 0·50 

Detemir [od/bid] vs NPH [od/bid] 0·07 -0·24 to 0·37 0·47 

Glargine [od] vs NPH [od/bid] 0·06 -2·25 to 0·47 0·49 

Detemir [od] vs NPH [od/bid] -0·03 -2·80 to 0·31 0·72 

NPH [od] vs NPH [od/bid] 0·20 -3·01 to 0·58 0·24 
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t Age -0·01 -0·01 to 0·00 - 

Sex 0·01 -0·05 to 0·07 - 

A1c Baseline 0·63 0·60 to 0·65 - 

Diabetes related complications 0·01 -0·20 to 0·21 - 

Diabetes related comorbidities 0·01 -0·07 to 0·09 - 
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Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [independent regression coefficients across studies and comparisons], 

informative prior, and no imputation 

Detemir [bid] vs NPH [od/bid] 0·06 -2·13 to 0·34 0·73 

NPH [od/bid] (reference) - - 0·69 

NPH [bid] vs NPH [od/bid] 0·18 -2·06 to 0·50 0·30 

Detemir [qid] vs NPH [od/bid] 0·13 -1·71 to 0·62 0·44 

Detemir [od/bid] vs NPH [od/bid] 0·08 -0·24 to 0·39 0·51 

Glargine [od] vs NPH [od/bid] 0·13 -2·35 to 0·53 0·43 

Detemir [od] vs NPH [od/bid] 0·02 -3·76 to 0·37 0·69 

NPH [od] vs NPH [od/bid] 0·25 -3·71 to 0·64 0·21 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: No adjustment, vague prior, and BOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·17 -0·15 to 2·70 0·85 

NPH [od/bid] (reference) - - 0·69 

NPH [bid] vs NPH [od/bid] 0·19 -0·17 to 3·00 0·37 

Detemir [qid] vs NPH [od/bid] 0·18 -0·44 to 5·40 0·43 

Detemir [od/bid] vs NPH [od/bid] 0·06 -0·43 to 0·53 0·57 

Glargine [od] vs NPH [od/bid] 0·18 -0·31 to 4·56 0·42 

Detemir [od] vs NPH [od/bid] 0·16 -0·30 to 3·66 0·48 

NPH [od] vs NPH [od/bid] 0·32 -0·19 to 3·90 0·19 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [identical regression coefficients across studies and comparisons], vague prior, 

and BOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·03 -0·26 to 0·31 0·67 

NPH [od/bid] (reference) - - 0·68 

NPH [bid] vs NPH [od/bid] 0·13 -0·19 to 0·44 0·36 

Detemir [qid] vs NPH [od/bid] 0·10 -0·39 to 0·56 0·46 

Detemir [od/bid] vs NPH [od/bid] 0·08 -0·13 to 0·28 0·46 

Glargine [od] vs NPH [od/bid] 0·09 -0·32 to 0·48 0·49 

Detemir [od] vs NPH [od/bid] 0·01 -0·34 to 0·37 0·68 

NPH [od] vs NPH [od/bid] 0·21 -0·19 to 0·62 0·21 
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t Age 0·00 -0·01 to 0·00 - 

Sex 0·02 -0·04 to 0·07 - 

A1c Baseline 0·68 0·66 to 0·71 - 

Diabetes related complications 0·04 -0·15 to 0·23 - 

Diabetes related comorbidities 0·03 -0·05 to 0·10 - 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [independent regression coefficients across studies and comparisons], vague 

prior, and BOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·06 -0·22 to 0·32 0·75 

NPH [od/bid] (reference) - - 0·72 

NPH [bid] vs NPH [od/bid] 0·17 -0·14 to 0·47 0·34 

Detemir [qid] vs NPH [od/bid] 0·14 -0·35 to 0·62 0·43 

Detemir [od/bid] vs NPH [od/bid] 0·10 -0·11 to 0·31 0·47 

Glargine [od] vs NPH [od/bid] 0·13 -0·28 to 0·53 0·45 

Detemir [od] vs NPH [od/bid] 0·05 -0·33 to 0·39 0·65 

NPH [od] vs NPH [od/bid] 0·26 -0·17 to 0·63 0·19 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: No adjustment, informative prior, and BOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·15 -0·14 to 0·44 0·84 

NPH [od/bid] (reference) - - 0·68 

NPH [bid] vs NPH [od/bid] 0·17 -0·16 to 0·50 0·37 

Detemir [qid] vs NPH [od/bid] 0·14 -0·37 to 0·68 0·44 

Detemir [od/bid] vs NPH [od/bid] 0·06 -0·19 to 0·30 0·55 

Glargine [od] vs NPH [od/bid] 0·15 -0·28 to 0·59 0·42 

Detemir [od] vs NPH [od/bid] 0·11 -0·26 to 0·52 0·52 

NPH [od] vs NPH [od/bid] 0·27 -0·15 to 0·73 0·18 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [identical regression coefficients across studies and comparisons], informative 

prior, and BOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·02 -3·49 to 0·28 0·63 

NPH [od/bid] (reference) - - 0·65 

NPH [bid] vs NPH [od/bid] 0·13 -3·73 to 0·43 0·37 

Detemir [qid] vs NPH [od/bid] 0·09 -5·67 to 0·52 0·47 

Detemir [od/bid] vs NPH [od/bid] 0·08 -0·58 to 0·75 0·46 

Glargine [od] vs NPH [od/bid] 0·08 -5·14 to 0·45 0·49 

Detemir [od] vs NPH [od/bid] 0·00 -5·46 to 0·34 0·68 

NPH [od] vs NPH [od/bid] 0·00 -5·87 to 0·57 0·25 
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t Age 0·00 -0·01 to 0·00  

Sex 0·02 -0·04 to 0·07  

A1c Baseline 0·68 0·66 to 0·71  

Diabetes related complications 0·04 -0·15 to 0·23  

Diabetes related comorbidities 0·03 -0·05 to 0·10  

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [independent regression coefficients across studies and comparisons], 

informative prior, and BOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·05 -2·01 to 0·33 0·72 

NPH [od/bid] (reference) - - 0·70 

NPH [bid] vs NPH [od/bid] 0·16 -2·25 to 0·47 0·34 

Detemir [qid] vs NPH [od/bid] 0·11 -2·88 to 0·55 0·46 

Detemir [od/bid] vs NPH [od/bid] 0·10 -0·15 to 0·35 0·45 

Glargine [od] vs NPH [od/bid] 0·11 -2·70 to 0·48 0·48 

Detemir [od] vs NPH [od/bid] 0·04 -2·72 to 0·40 0·65 

NPH [od] vs NPH [od/bid] 0·25 -2·59 to 0·64 0·19 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: No adjustment, vague prior, and LOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·15 -0·20 to 3·45 0·78 

NPH [od/bid] (reference) - - 0·61 

NPH [bid] vs NPH [od/bid] 0·18 -0·23 to 4·03 0·33 

Detemir [qid] vs NPH [od/bid] 0·14 -0·52 to 5·28 0·42 

Detemir [od/bid] vs NPH [od/bid] -0·04 -0·75 to 0·68 0·67 

Glargine [od] vs NPH [od/bid] 0·13 -0·40 to 4·60 0·44 

Detemir [od] vs NPH [od/bid] 0·08 -0·42 to 4·94 0·53 

NPH [od] vs NPH [od/bid] 0·24 -0·31 to 5·50 0·23 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [identical regression coefficients across studies and comparisons], vague prior, 

and LOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·07 -0·22 to 0·33 0·74 

NPH [od/bid] (reference) - - 0·68 

NPH [bid] vs NPH [od/bid] 0·19 -0·14 to 0·49 0·27 

Detemir [qid] vs NPH [od/bid] 0·11 -0·41 to 0·55 0·45 

Detemir [od/bid] vs NPH [od/bid] 0·07 -0·19 to 0·31 0·50 

Glargine [od] vs NPH [od/bid] 0·08 -0·35 to 0·45 0·52 

Detemir [od] vs NPH [od/bid] 0·03 -0·35 to 0·38 0·64 

NPH [od] vs NPH [od/bid] 0·24 -0·18 to 0·63 0·19 
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t Age -0·01 -0·01 to 0·00 - 

Sex 0·01 -0·04 to 0·07 - 

A1c Baseline 0·64 0·62 to 0·67 - 

Diabetes related complications 0·03 -0·18 to 0·23 - 

Diabetes related comorbidities 0·01 -0·07 to 0·09 - 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [independent regression coefficients across studies and comparisons], vague 

prior, and LOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·11 -0·32 to 0·39 0·81 

NPH [od/bid] (reference) - - 0·70 

NPH [bid] vs NPH [od/bid] 0·24 -0·28 to 0·55 0·26 

Detemir [qid] vs NPH [od/bid] 0·15 -0·79 to 0·66 0·43 

Detemir [od/bid] vs NPH [od/bid] 0·08 -0·21 to 0·37 0·53 

Glargine [od] vs NPH [od/bid] 0·13 -0·60 to 0·55 0·49 

Detemir [od] vs NPH [od/bid] 0·08 -0·40 to 0·49 0·60 

NPH [od] vs NPH [od/bid] 0·29 -0·24 to 0·75 0·18 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: No adjustment, informative prior, and LOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·15 -0·14 to 0·45 0·80 

NPH [od/bid] (reference) - - 0·62 

NPH [bid] vs NPH [od/bid] 0·18 -0·16 to 0·50 0·30 

Detemir [qid] vs NPH [od/bid] 0·13 -0·39 to 0·65 0·42 

Detemir [od/bid] vs NPH [od/bid] -0·05 -0·35 to 0·26 0·69 

Glargine [od] vs NPH [od/bid] 0·12 -0·31 to 0·56 0·44 

Detemir [od] vs NPH [od/bid] 0·09 -0·32 to 0·49 0·52 

NPH [od] vs NPH [od/bid] 0·24 -0·19 to 0·69 0·20 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [identical regression coefficients across studies and comparisons], informative 

prior, and LOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·07 -1·11 to 0·37 0·72 

NPH [od/bid] (reference) - - 0·66 

NPH [bid] vs NPH [od/bid] 0·18 -0·92 to 0·54 0·27 
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Detemir [qid] vs NPH [od/bid] 0·11 -0·89 to 0·61 0·43 

Detemir [od/bid] vs NPH [od/bid] 0·06 -0·26 to 0·38 0·51 

Glargine [od] vs NPH [od/bid] 0·08 -0·88 to 0·50 0·51 

Detemir [od] vs NPH [od/bid] 0·02 -3·91 to 0·37 0·67 

NPH [od] vs NPH [od/bid] 0·22 -4·18 to 0·62 0·23 
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t Age -0·01 -0·01 to 0·00 - 

Sex 0·01 -0·04 to 0·07 - 

A1c Baseline 0·64 0·62 to 0·67 - 

Diabetes related complications 0·02 -0·18 to 0·23 - 

Diabetes related comorbidities 0·01 -0·07 to 0·09 - 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [independent regression coefficients across studies and comparisons], 

informative prior, and LOCF imputation 

Detemir [bid] vs NPH [od/bid] 0·07 -2·23 to 0·36 0·74 

NPH [od/bid] (reference) - - 0·69 

NPH [bid] vs NPH [od/bid] 0·20 -2·52 to 0·50 0·28 

Detemir [qid] vs NPH [od/bid] 0·11 -3·27 to 0·56 0·45 

Detemir [od/bid] vs NPH [od/bid] 0·08 -0·22 to 0·37 0·49 

Glargine [od] vs NPH [od/bid] 0·09 -2·53 to 0·47 0·51 

Detemir [od] vs NPH [od/bid] 0·03 -1·29 to 0·39 0·65 

NPH [od] vs NPH [od/bid] 0·24 -0·75 to 0·66 0·19 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: No adjustment, vague prior, and MICE imputation 

Detemir [bid] vs NPH [od/bid] 0·28 -1·15 to 1·71 0·62 

NPH [od/bid] (reference) - - 0·54 

NPH [bid] vs NPH [od/bid] 0·33 -1·28 to 1·94 0·37 

Detemir [qid] vs NPH [od/bid] 0·42 -2·46 to 3·30 0·45 

Detemir [od/bid] vs NPH [od/bid] -0·42 -1·28 to 0·44 0·90 

Glargine [od] vs NPH [od/bid] 0·40 -1·95 to 2·75 0·41 

Detemir [od] vs NPH [od/bid] 0·38 -1·97 to 2·73 0·50 

NPH [od] vs NPH [od/bid] 0·59 -1·96 to 3·14 0·21 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [identical regression coefficients across studies and comparisons], vague prior, 

and MICE imputation 

Detemir [bid] vs NPH [od/bid] 0·00 -0·30 to 0·28 0·53 

NPH [od/bid] (reference) - - 0·55 

NPH [bid] vs NPH [od/bid] 0·12 -0·22 to 0·44 0·30 

Detemir [qid] vs NPH [od/bid] 0·01 -0·52 to 0·46 0·58 

Detemir [od/bid] vs NPH [od/bid] 0·06 -0·28 to 0·16 0·68 

Glargine [od] vs NPH [od/bid] 0·00 -0·43 to 0·41 0·56 

Detemir [od] vs NPH [od/bid] 0·02 -0·38 to 0·34 0·62 

NPH [od] vs NPH [od/bid] 0·18 -0·21 to 0·57 0·19 
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t Age 0·00 -0·01 to 0·00 - 

Sex 0·02 -0·04 to 0·08 - 

A1c Baseline 0·56 0·54 to 0·59 - 

Diabetes related complications 0·01 -0·22 to 0·21 - 

Diabetes related comorbidities 0·01 -0·07 to 0·10 - 

Common within-network between-study variance τ2 = 0·01 

Mean Difference: No adjustment, informative prior, and MICE imputation 

Detemir [bid] vs NPH [od/bid] 0·08 -0·23 to 0·39 0·61 

NPH [od/bid] (reference) - - 0·53 

NPH [bid] vs NPH [od/bid] 0·10 -0·25 to 0·45 0·35 

Detemir [qid] vs NPH [od/bid] 0·05 -0·50 to 0·60 0·46 

Detemir [od/bid] vs NPH [od/bid] -0·42 -0·67 to -0·17 0·92 

Glargine [od] vs NPH [od/bid] 0·08 -0·37 to 0·53 0·40 

Detemir [od] vs NPH [od/bid] 0·03 -0·40 to 0·46 0·52 

NPH [od] vs NPH [od/bid] 0·21 -0·28 to 0·70 0·19 

Common within-network between-study variance τ2 = 0·00 

Mean Difference: Full adjustment [identical regression coefficients across studies and comparisons], informative 

prior, and MICE imputation 

Detemir [bid] vs NPH [od/bid] 0·00 -0·29 to 0·27 0·53 

NPH [od/bid] (reference) - - 0·55 

NPH [bid] vs NPH [od/bid] 0·12 -0·20 to 0·42 0·30 

Detemir [qid] vs NPH [od/bid] 0·01 -0·49 to 0·44 0·57 

Detemir [od/bid] vs NPH [od/bid] 0·07 -0·26 to 0·13 0·68 

Glargine [od] vs NPH [od/bid] 0·00 -0·40 to 0·38 0·55 

Detemir [od] vs NPH [od/bid] 0·01 -0·36 to 0·31 0·62 

NPH [od] vs NPH [od/bid] 0·18 -0·20 to 0·54 0·18 
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t Age 0·04 -0·01 to 0·00 - 

Sex 0·02 -0·04 to 0·08 - 

A1c Baseline 0·56 0·54 to 0·59 - 

Diabetes related complications 0·01 -0·22 to 0·21 - 

Diabetes related comorbidities 0·01 -0·07 to 0·09 - 

Common within-network between-study variance τ2 = 0·00 

Two-stage analysis 

Mean Difference: Adjusted for age †† 

Detemir [od/bid] vs NPH [od/bid] -0·02 -0·10 to 0·07 0·55 

Detemir [od] vs NPH [od/bid] -0·09 -0·29 to 0·10 0·81 

Detemir [qid] vs NPH [od/bid] 0·00 -0·35 to 0·35 0·49 

Glargine [od] vs NPH [od/bid] 0·02 -0·26 to 0·29 0·43 

NPH [od/bid] (reference) - - 0·45 

NPH [od] vs NPH [od/bid] 0·07 -0·18 to 0·31 0·26 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for baseline AIC †† 

Detemir [od/bid] vs NPH [od/bid] -0·02 -0·08 to 0·05 0·64 

Detemir [od] vs NPH [od/bid] -0·06 -0·22 to 0·11 0·78 

Detemir [qid] vs NPH [od/bid] 0·03 -0·25 to 0·31 0·45 

Glargine [od] vs NPH [od/bid] 0·03 -0·21 to 0·27 0·43 

NPH [od/bid] (reference) - - 0·51 

NPH [od] vs NPH [od/bid] 0·10 -0·11 to 0·30 0·20 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for pregnant women †† 

Detemir [od/bid] vs NPH [od/bid] -0·01 -0·10 to 0·08 0·55 

Glargine [od] vs NPH [od/bid] -0·01 -0·29 to 0·27 0·50 

NPH [od/bid] (reference) - - 0·44 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for overall comorbidities †† 

Detemir [od/bid] vs NPH [od/bid] -0·04 -0·14 to 0·06 0·48 

Detemir [od] vs NPH [od/bid] -0·13 -0·33 to 0·08 0·73 

Detemir [qid] vs NPH [od/bid] -0·18 -0·58 to 0·22 0·75 

Glargine [od] vs NPH [od/bid] -0·12 -0·44 to 0·21 0·61 

NPH [od/bid] (reference) - - 0·31 

NPH [od] vs NPH [od/bid] 0·11 -0·16 to 0·39 0·11 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for concurrent comorbidities †† 

Detemir [od/bid] vs NPH [od/bid] -0·06 -0·18 to 0·06 0·50 

Detemir [od] vs NPH [od/bid] -0·13 -0·34 to 0·09 0·71 

Detemir [qid] vs NPH [od/bid] -0·15 -0·54 to 0·24 0·68 

Glargine [od] vs NPH [od/bid] -0·13 -0·46 to 0·19 0·65 

NPH [od/bid] (reference) - - 0·27 

NPH [od] vs NPH [od/bid] 0·07 -0·25 to 0·39 0·19 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for diabetes comorbidities †† 

Detemir [od/bid] vs NPH [od/bid] -0·07 -0·17 to 0·03 0·54 

Detemir [od] vs NPH [od/bid] -0·14 -0·34 to 0·06 0·72 

Detemir [qid] vs NPH [od/bid] -0·17 -0·55 to 0·21 0·71 

Glargine [od] vs NPH [od/bid] -0·14 -0·45 to 0·17 0·65 

NPH [od/bid] (reference) - - 0·26 

NPH [od] vs NPH [od/bid] 0·09 -0·18 to 0·35 0·13 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for overall drugs †† 

Detemir [od/bid] vs NPH [od/bid] -0·03 -0·13 to 0·07 0·49 

Detemir [od] vs NPH [od/bid] -0·12 -0·32 to 0·09 0·74 

Detemir [qid] vs NPH [od/bid] -0·15 -0·54 to 0·25 0·73 

Glargine [od] vs NPH [od/bid] -0·08 -0·41 to 0·24 0·57 

NPH [od/bid] (reference) - - 0·35 

NPH [od] vs NPH [od/bid] 0·12 -0·15 to 0·40 0·12 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for adjunctive non-insulin glucose-lowering agents †† 

Detemir [od/bid] vs NPH [od/bid] 0·01 -0·15 to 0·16 0·47 

NPH [od/bid] (reference) - - 0·53 

Common within-network between-study variance: τ2 = 0·00             
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Mean Difference: Adjusted for lipid lowering agents †† 

Detemir [od/bid] vs NPH [od/bid] 0·03 -0·10 to 0·15 0·32 

Detemir [qid] vs NPH [od/bid] -0·10 -0·48 to 0·29 0·73 

Glargine [od] vs NPH [od/bid] -0·02 -0·33 to 0·29 0·47 

NPH [od/bid] (reference) - - 0·48 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for blood pressure lowering agents †† 

Detemir [od/bid] vs NPH [od/bid] 0·05 -0·05 to 0·15 0·24 

Detemir [qid] vs NPH [od/bid] -0·08 -0·45 to 0·30 0·70 

Glargine [od] vs NPH [od/bid] -0·02 -0·32 to 0·29 0·51 

NPH [od/bid] (reference) - - 0·55 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for antiplatelet †† 

Detemir [od/bid] vs NPH [od/bid] 0·07 -0·05 to 0·19 0·14 

NPH [od/bid] (reference)   0·86 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for % male †† 

Detemir [od/bid] vs NPH [od/bid] -0·01 -0·10 to 0·08 0·53 

Detemir [od] vs NPH [od/bid] -0·08 -0·28 to 0·12 0·77 

Detemir [qid] vs NPH [od/bid] -0·02 -0·38 to 0·33 0·55 

Glargine [od] vs NPH [od/bid] 0·00 -0·28 to 0·28 0·48 

NPH [od/bid] (reference) - - 0·46 

NPH [od] vs NPH [od/bid] 0·09 -0·16 to 0·34 0·22 

Common within-network between-study variance: τ2 = 0·00             

Mean Difference: Adjusted for diabetes duration †† 

Detemir [od/bid] vs NPH [od/bid] -0·02 -0·11 to 0·08 0·56 

Detemir [qid] vs NPH [od/bid] -0·02 -0·38 to 0·34 0·54 

Glargine [od] vs NPH [od/bid] 0·00 -0·28 to 0·28 0·46 

NPH [od/bid] (reference) - - 0·44 

Common within-network between-study variance: τ2 = 0·00             

Severe hypoglycaemia 

One-stage analysis 

Odds Ratio: No adjustment, vague prior, and no imputation 

Detemir [bid] vs NPH [od/bid] 1·14 0·32 to 3·33 0·65 

NPH [od/bid] (reference) - - 0·59 

NPH [bid] vs NPH [od/bid] 1·37 0·24 to 4·92 0·47 

Detemir [qid] vs NPH [od/bid] 2·58 0·15 to 22·83 0·22 

Detemir [od/bid] vs NPH [od/bid] 0·70 0·22 to 2·12 0·81 

Glargine [od] vs NPH [od/bid] 2·19 0·25 to 13·95 0·26 

Common within-network between-study variance τ2 = 0·08 

Odds Ratio: Full adjustment [identical regression coefficients across studies and comparisons], vague prior, and 

no imputation 

Detemir [bid] vs NPH [od/bid] 1·22 0·38 to 3·81 0·71 

NPH [od/bid] (reference) - - 0·62 

NPH [bid] vs NPH [od/bid] 1·51 0·38 to 5·68 0·48 

Detemir [qid] vs NPH [od/bid] 3·81 0·33 to 37·19 0·16 

Detemir [od/bid] vs NPH [od/bid] 0·69 0·30 to 2·06 0·83 

Glargine [od] vs NPH [od/bid] 3·34 0·50 to 22·30 0·21 

R
eg

re
ss

io
n
 

co
ef

fi
ci

en
t Age 1·01 1·00 to 1·02 - 

Sex 0·98 0·77 to 1·20 - 

A1c Baseline 0·95 0·86 to 1·03 - 

Diabetes related complications 0·51 0·17 to 1·23 - 

Diabetes related comorbidities 1·12 0·84 to 1·46 - 

Common within-network between-study variance τ2 = 0·05 

Odds Ratio: Full adjustment [independent regression coefficients across studies and comparisons], vague prior, 

and no imputation 

Detemir [bid] vs NPH [od/bid] 1·27 0·36 to 5·50 0·72 

NPH [od/bid] (reference) - - 0·63 

NPH [bid] vs NPH [od/bid] 1·57 0·36 to 6·86 0·48 

Detemir [qid] vs NPH [od/bid] 4·53 0·52 to 65·31 0·15 

Detemir [od/bid] vs NPH [od/bid] 0·71 0·26 to 1·83 0·83 

Glargine [od] vs NPH [od/bid] 3·81 0·53 to 39·46 0·19 

Common within-network between-study variance τ2 = 0·06 

Odds Ratio: No adjustment, informative prior, and no imputation 
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Detemir [bid] vs NPH [od/bid] 1·22 0·49 to 3·04 0·70 

NPH [od/bid] (reference) - - 0·60 

NPH [bid] vs NPH [od/bid] 1·48 0·48 to 4·30 0·44 

Detemir [qid] vs NPH [od/bid] 2·86 0·49 to 17·99 0·18 

Detemir [od/bid] vs NPH [od/bid] 0·70 0·34 to 1·46 0·85 

Glargine [od] vs NPH [od/bid] 2·45 0·57 to 10·93 0·23 

Common within-network between-study variance τ2 = 0·05 

Odds Ratio: Full adjustment [identical regression coefficients across studies and comparisons, informative prior, 

and no imputation 

Detemir [bid] vs NPH [od/bid] 1·22 0·44 to 3·25 0·71 

NPH [od/bid] (reference) - - 0·62 

NPH [bid] vs NPH [od/bid] 1·45 0·48 to 4·68 0·48 

Detemir [qid] vs NPH [od/bid] 3·93 0·52 to 27·66 0·16 

Detemir [od/bid] vs NPH [od/bid] 0·70 0·37 to 1·44 0·83 

Glargine [od] vs NPH [od/bid] 3·38 0·64 to 16·04 0·21 
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t Age 1·01 1·00 to 1·02 - 

Sex 0·97 0·78 to 1·21 - 

A1c Baseline 0·94 0·86 to 1·02 - 

Diabetes related complications 0·51 0·19 to 1·21 - 

Diabetes related comorbidities 1·12 0·84 to 1·45 - 

Common within-network between-study variance τ2 = 0·04 

Odds Ratio: Full adjustment [independent regression coefficients across studies and comparisons], informative 

prior, and no imputation 

Detemir [bid] vs NPH [od/bid] 1·22 0·40 to 3·67 0·69 

NPH [od/bid] (reference) - - 0·62 

NPH [bid] vs NPH [od/bid] 1·50 0·43 to 4·86 0·50 

Detemir [qid] vs NPH [od/bid] 3·91 0·51 to 31·13 0·15 

Detemir [od/bid] vs NPH [od/bid] 0·69 0·32 to 1·50 0·85 

Glargine [od] vs NPH [od/bid] 3·44 0·65 to 21·91 0·20 

Common within-network between-study variance τ2 = 0·04 

Odds Ratio: No adjustment, vague prior, and BCS imputation 

Detemir [bid] vs NPH [od/bid] 1·29 0·45 to 3·68 0·72 

NPH [od/bid] (reference) - - 0·60 

NPH [bid] vs NPH [od/bid] 1·56 0·43 to 5·54 0·43 

Detemir [qid] vs NPH [od/bid] 2·88 0·26 to 21·25 0·19 

Detemir [od/bid] vs NPH [od/bid] 0·71 0·28 to 1·94 0·81 

Glargine [od] vs NPH [od/bid] 2·49 0·36 to 12·76 0·25 

Common within-network between-study variance τ2 = 0·06 

Odds Ratio: Full adjustment [identical regression coefficients across studies and comparisons], vague prior, and 

BCS imputation 

Detemir [bid] vs NPH [od/bid] 1·33 0·38 to 4·25 0·75 

NPH [od/bid] (reference) - - 0·63 

NPH [bid] vs NPH [od/bid] 1·64 0·38 to 5·92 0·44 

Detemir [qid] vs NPH [od/bid] 4·11 0·37 to 43·00 0·15 

Detemir [od/bid] vs NPH [od/bid] 0·71 0·31 to 1·79 0·82 

Glargine [od] vs NPH [od/bid] 3·54 0·51 to 22·31 0·20 
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t Age 1·01 1·00 to 1·02 - 

Sex 0·99 0·80 to 1·20 - 

A1c Baseline 0·94 0·86 to 1·03 - 

Diabetes related complications 0·55 0·17 to 1·31 - 

Diabetes related comorbidities 1·06 0·81 to 1·43 - 

Common within-network between-study variance τ2 = 0·04    

Odds Ratio: Full adjustment [independent regression coefficients across studies and comparisons], vague prior, 

and BCS imputation 

Detemir [bid] vs NPH [od/bid] 1·51 0·50 to 4·74 0·80 

NPH [od/bid] (reference) - - 0·62 

NPH [bid] vs NPH [od/bid] 1·90 0·50 to 6·75 0·42 

Detemir [qid] vs NPH [od/bid] 5·01 0·60 to 47·01 0·14 

Detemir [od/bid] vs NPH [od/bid] 0·71 0·29 to 1·59 0·82 

Glargine [od] vs NPH [od/bid] 4·18 0·72 to 29·88 0·20 

Common within-network between-study variance τ2 = 0·06 

Odds Ratio: No adjustment, informative prior, and BCS imputation 

Detemir [bid] vs NPH [od/bid] 1·32 0·53 to 3·19 0·75 

NPH [od/bid] (reference) - - 0·61 

NPH [bid] vs NPH [od/bid] 1·62 0·52 to 4·44 0·41 

Detemir [qid] vs NPH [od/bid] 3·04 0·51 to 20·41 0·16 

Detemir [od/bid] vs NPH [od/bid] 0·71 0·35 to 1·46 0·84 

Glargine [od] vs NPH [od/bid] 2·57 0·59 to 12·49 0·23 

Common within-network between-study variance τ2 = 0·04 
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Odds Ratio: Full adjustment [identical regression coefficients across studies and comparisons], informative 

prior, and BCS imputation 

Detemir [bid] vs NPH [od/bid] 1·36 0·52 to 3·65 0·76 

NPH [od/bid] (reference) - - 0·62 

NPH [bid] vs NPH [od/bid] 1·70 0·53 to 5·18 0·44 

Detemir [qid] vs NPH [od/bid] 3·82 0·61 to 23·93 0·14 

Detemir [od/bid] vs NPH [od/bid] 0·70 0·34 to 1·34 0·85 

Glargine [od] vs NPH [od/bid] 3·26 0·70 to 16·71 0·20 
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t Age 1·01 1·00 to 1·02 - 

Sex 0·99 0·79 to 1·21 - 

A1c Baseline 0·94 0·86 to 1·02 - 

Diabetes related complications 0·55 0·18 to 1·38 - 

Diabetes related comorbidities 1·04 0·79 to 1·34 - 

Common within-network between-study variance τ2 = 0·04 

Odds Ratio: Full adjustment [independent regression coefficients across studies and comparisons], informative 

prior, and BCS imputation 

Detemir [bid] vs NPH [od/bid] 0·85 0·30 to 2·37 0·47 

NPH [od/bid] (reference) - - 0·57 

NPH [bid] vs NPH [od/bid] 1·86 0·64 to 5·66 0·65 

Detemir [qid] vs NPH [od/bid] 4·57 0·84 to 27·71 0·22 

Detemir [od/bid] vs NPH [od/bid] 0·72 0·34 to 1·52 0·83 

Glargine [od] vs NPH [od/bid] 3·89 0·84 to 19·98 0·27 

Common within-network between-study variance τ2 = 0·04 

Odds Ratio: No adjustment, vague prior, and WCS imputation 

Detemir [bid] vs NPH [od/bid] 0·96 0·30 to 2·95 0·51 

NPH [od/bid] (reference) - - 0·54 

NPH [bid] vs NPH [od/bid] 1·01 0·24 to 3·98 0·56 

Detemir [qid] vs NPH [od/bid] 1·84 0·16 to 18·57 0·29 

Detemir [od/bid] vs NPH [od/bid] 0·68 0·23 to 2·04 0·79 

Glargine [od] vs NPH [od/bid] 1·68 0·25 to 9·95 0·30 

Common within-network between-study variance τ2 = 0·13 

Odds Ratio: Full adjustment [identical regression coefficients across studies and comparisons], vague prior, and 

WCS imputation 

Detemir [bid] vs NPH [od/bid] 0·88 0·36 to 2·33 0·49 

NPH [od/bid] (reference) - - 0·58 

NPH [bid] vs NPH [od/bid] 0·96 0·33 to 2·94 0·64 

Detemir [qid] vs NPH [od/bid] 2·19 0·35 to 13·40 0·21 

Detemir [od/bid] vs NPH [od/bid] 0·68 0·30 to 1·51 0·84 

Glargine [od] vs NPH [od/bid] 2·00 0·38 to 10·58 0·23 
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t Age 1·01 1·00 to 1·02 - 

Sex 0·87 0·73 to 1·06 - 

A1c Baseline 0·96 0·89 to 1·04 - 

Diabetes related complications 0·38 0·12 to 0·90 - 

Diabetes related comorbidities 1·28 1·03 to 1·61 - 

Common within-network between-study variance τ2 = 0·04 

Odds Ratio: Full adjustment [independent regression coefficients across studies and comparisons], vague prior, 

and WCS imputation 

Detemir [bid] vs NPH [od/bid] 0·85 0·30 to 2·37 0·47 

NPH [od/bid] (reference) - - 0·57 

NPH [bid] vs NPH [od/bid] 0·93 0·31 to 3·11 0·65 

Detemir [qid] vs NPH [od/bid] 2·14 0·34 to 14·97 0·22 

Detemir [od/bid] vs NPH [od/bid] 0·69 0·30 to 1·63 0·83 

Glargine [od] vs NPH [od/bid] 1·92 0·44 to 9·16 0·27 

Common within-network between-study variance τ2 = 0·04 

Design-by-treatment interaction model for inconsistency χ² (d·f·, P-value, τ2): N/A (no closed loops) 

Odds Ratio: No adjustment, informative prior, and WCS imputation 

Detemir [bid] vs NPH [od/bid] 0·98 0·42 to 2·60 0·54 

NPH [od/bid] (reference) - - 0·57 

NPH [bid] vs NPH [od/bid] 1·02 0·37 to 3·18 0·58 

Detemir [qid] vs NPH [od/bid] 2·01 0·35 to 14·47 0·23 

Detemir [od/bid] vs NPH [od/bid] 0·67 0·30 to 1·52 0·84 

Glargine [od] vs NPH [od/bid] 1·86 0·46 to 8·98 0·25 

Common within-network between-study variance τ2 = 0·07 

Odds Ratio: Full adjustment [identical regression coefficients across studies and comparisons], informative 

prior, and WCS imputation 

Detemir [bid] vs NPH [od/bid] 0·90 0·37 to 1·92 0·47 

NPH [od/bid] (reference) - - 0·58 

NPH [bid] vs NPH [od/bid] 0·94 0·34 to 2·42 0·63 

Detemir [qid] vs NPH [od/bid] 2·04 0·38 to 9·50 0·22 
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Detemir [od/bid] vs NPH [od/bid] 0·67 0·34 to 1·29 0·87 

Glargine [od] vs NPH [od/bid] 1·97 0·50 to 6·69 0·23 
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t Age 1·01 1·00 to 1·02 - 

Sex 0·88 0·72 to 1·06 - 

A1c Baseline 0·97 0·90 to 1·04 - 

Diabetes related complications 0·39 0·13 to 0·94 - 

Diabetes related comorbidities 1·27 1·03 to 1·60 - 

Common within-network between-study variance τ2 = 0·04 

Odds Ratio: Full adjustment [independent regression coefficients across studies and comparisons], informative 

prior, and WCS imputation 

Detemir [bid] vs NPH [od/bid] 0·87 0·36 to 2·06 0·47 

NPH [od/bid] (reference) - - 0·58 

NPH [bid] vs NPH [od/bid] 0·90 0·33 to 2·56 0·67 

Detemir [qid] vs NPH [od/bid] 2·27 0·38 to 11·31 0·20 

Detemir [od/bid] vs NPH [od/bid] 0·68 0·33 to 1·31 0·85 

Glargine [od] vs NPH [od/bid] 2·02 0·52 to 7·65 0·23 

Common within-network between-study variance τ2 = 0·04 

Odds Ratio: No adjustment, vague prior, and MICE imputation 

Detemir [bid] vs NPH [od/bid] 1·28 0·49 to 3·82 0·72 

NPH [od/bid] (reference) - - 0·60 

NPH [bid] vs NPH [od/bid] 1·57 0·51 to 5·27 0·43 

Detemir [qid] vs NPH [od/bid] 3·08 0·50 to 37·14 0·19 

Detemir [od/bid] vs NPH [od/bid] 0·70 0·29 to 1·96 0·82 

Glargine [od] vs NPH [od/bid] 2·73 0·60 to 18·01 0·24 

Common within-network between-study variance τ2 = 0·09 

Odds Ratio: Full adjustment [identical regression coefficients across studies and comparisons], vague prior, and 

MICE imputation 

Detemir [bid] vs NPH [od/bid] 1·20 0·39 to 4·09 0·70 

NPH [od/bid] (reference) - - 0·63 

NPH [bid] vs NPH [od/bid] 1·53 0·41 to 6·09 0·49 

Detemir [qid] vs NPH [od/bid] 4·23 0·54 to 41·47 0·14 

Detemir [od/bid] vs NPH [od/bid] 0·69 0·29 to 1·69 0·85 

Glargine [od] vs NPH [od/bid] 3·61 0·61 to 25·01 0·20 
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t Age 1·00 0·99 to 1·01 - 

Sex 0·97 0·78 to 1·20 - 

A1c Baseline 0·93 0·85 to 1·02 - 

Diabetes related complications 1·01 0·76 to 1·34 - 

Diabetes related comorbidities 1·03 1·02 to 1·03 - 

Common within-network between-study variance τ2 = 0·04 

Odds Ratio: No adjustment, informative prior, and MICE imputation 

Detemir [bid] vs NPH [od/bid] 1·29 0·52 to 3·21 0·73 

NPH [od/bid] (reference) - - 0·60 

NPH [bid] vs NPH [od/bid] 1·59 0·57 to 4·39 0·42 

Detemir [qid] vs NPH [od/bid] 3·04 0·58 to 18·11 0·18 

Detemir [od/bid] vs NPH [od/bid] 0·70 0·33 to 1·49 0·83 

Glargine [od] vs NPH [od/bid] 2·70 0·69 to 11·76 0·23 

Common within-network between-study variance τ2 = 0·05 

Odds Ratio: Full adjustment [identical regression coefficients across studies and comparisons], informative 

prior, and MICE imputation 

Detemir [bid] vs NPH [od/bid] 1·18 0·43 to 3·13 0·70 

NPH [od/bid] (reference) - - 0·63 

NPH [bid] vs NPH [od/bid] 1·51 0·47 to 4·58 0·49 

Detemir [qid] vs NPH [od/bid] 4·11 0·68 to 24·52 0·13 

Detemir [od/bid] vs NPH [od/bid] 0·69 0·35 to 1·36 0·86 

Glargine [od] vs NPH [od/bid] 3·51 0·75 to 17·07 0·19 
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t Age 1·00 0·99 to 1·01 - 

Sex 0·97 0·78 to 1·20 - 

A1c Baseline 0·93 0·85 to 1·02 - 

Diabetes related complications 1·01 0·76 to 1·34 - 

Diabetes related comorbidities 1·03 1·02 to 1·03 - 

Common within-network between-study variance τ2 = 0·04 

Two-stage analysis 

Odds Ratio: Adjusted for age †† 

Detemir [od/bid] vs NPH [od/bid] 0·80 0·61 to 1·06 0·93 

Detemir [qid] vs NPH [od/bid] 1·89 0·58 to 6·08 0·18 

Glargine [od] vs NPH [od/bid] 1·62 0·61 to 4·30 0·30 

NPH [od/bid] (reference) - - 0·58 

Common within-network between-study variance: τ2 = 0·04             
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Odds Ratio: Adjusted for baseline A1c †† 

Detemir [od/bid] vs NPH [od/bid] 0·79 0·61 to 1·04 0·94 

Detemir [qid] vs NPH [od/bid] 1·85 0·60 to 5·72 0·18 

Glargine [od] vs NPH [od/bid] 1·61 0·63 to 4·14 0·30 

NPH [od/bid] (reference) - - 0·58 

Common within-network between-study variance: τ2 = 0·02        

Odds Ratio: Adjusted for pregnant †† 

Detemir [od/bid] vs NPH [od/bid] 0·83 0·59 to 1·17 0·89 

Glargine [od] vs NPH [od/bid] 1·68 0·60 to 4·7 0·12 

NPH [od/bid] (reference) - - 0·49 

Common within-network between-study variance: τ2 = 0·06             

Odds Ratio: Adjusted for overall comorbidities †† 

Detemir [od/bid] vs NPH [od/bid] 0·82 0·62 to 1·09 0·95 

Detemir [qid] vs NPH [od/bid] 2·27 0·73 to 7·09 0·16 

Glargine [od] vs NPH [od/bid] 2·07 0·77 to 5·59 0·25 

NPH [od/bid] (reference) - - 0·64 

Common within-network between-study variance: τ2 = 0·00    

Odds Ratio: Adjusted for concurrent comorbidities †† 

Detemir [od/bid] vs NPH [od/bid] 0·75 0·53 to 1·06 0·97 

Detemir [qid] vs NPH [od/bid] 2·35 0·75 to 7·35 0·13 

Glargine [od] vs NPH [od/bid] 2·04 0·74 to 5·59 0·27 

NPH [od/bid] (reference) - - 0·63 

Common within-network between-study variance: τ2 = 0·00             

Odds Ratio: Adjusted for diabetes comorbidities †† 

Detemir [od/bid] vs NPH [od/bid] 0·77 0·59 to 1·01 0·98 

Detemir [qid] vs NPH [od/bid] 2·39 0·78 to 7·32 0·13 

Glargine [od] vs NPH [od/bid] 2·09 0·78 to 5·60 0·26 

NPH [od/bid] (reference) - - 0·63 

Common within-network between-study variance: τ2 = 0·00             

Odds Ratio: Adjusted for overall drugs †† 

Detemir [od/bid] vs NPH [od/bid] 0·81 0·61 to 1·07 0·96 

Detemir [qid] vs NPH [od/bid] 2·29 0·73 to 7·14 0·15 

Glargine [od] vs NPH [od/bid] 2·06 0·76 to 5·57 0·25 

NPH [od/bid] (reference) - - 0·64 

Common within-network between-study variance: τ2 = 0·00             

Odds Ratio: Adjusted for adjunctive non-insulin glucose-lowering agents †† 

Detemir [od/bid] vs NPH [od/bid] 0·70 0·49 to 1·02 0·97 

NPH [od/bid] (reference) - - 0·03 

Common within-network between-study variance: τ2 = 0·00             

Odds Ratio: Adjusted for lipid lowering agents †† 

Detemir [od/bid] vs NPH [od/bid] 0·85 0·61 to 1·18 0·89 

Detemir [qid] vs NPH [od/bid] 1·76 0·58 to 5·37 0·20 

Glargine [od] vs NPH [od/bid] 1·57 0·61 to 4·04 0·30 

NPH [od/bid] (reference) - - 0·61 

Common within-network between-study variance: τ2 = 0·01   

Odds Ratio: Adjusted for blood pressure lowering agents †† 

Detemir [od/bid] vs NPH [od/bid] 0·84 0·63 to 1·12 0·91 

Detemir [qid] vs NPH [od/bid] 1·73 0·60 to 5·01 0·20 

Glargine [od] vs NPH [od/bid] 1·57 0·63 to 3·89 0·30 

NPH [od/bid] (reference) - - 0·60 

Common within-network between-study variance: τ2 = 0·00 

Odds Ratio: Adjusted for antiplatelet †† 

Detemir [od/bid] vs NPH [od/bid] 0·90 0·59 to 1·39 0·68 

NPH [od/bid] (reference) - - 0·32 

Common within-network between-study variance: τ2 = 0·05           

Odds Ratio: Adjusted for % male †† 

Detemir [od/bid] vs NPH [od/bid] 0·83 0·59 to 1·16 0·90 

Detemir [qid] vs NPH [od/bid] 1·93 0·55 to 6·73 0·20 

Glargine [od] vs NPH [od/bid] 1·68 0·60 to 4·70 0·30 

NPH [od/bid] (reference) - - 0·61 

Common within-network between-study variance: τ2 = 0·06 

Odds Ratio: Adjusted for diabetes duration†† 

Detemir [od/bid] vs NPH [od/bid] 0·81 0·58 to 1·11 0·93 
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* The design-by-treatment interaction model for inconsistency could not be performed, since there 

were no loops in the network 

†† Available case analysis was conducted in netmeta using adjusted results from studies with 

available individual patient data· P-scores were calculated instead of SUCRA values· 

Abbreviations: A1c, glycated haemoglobin; BCS, best case scenario; bid, twice daily; BOCF, Best Observation Carried 

Forward; CI, Confidence Interval; LOCF, Last Observation Carried Forward; MICE, Multiple Imputation by Chained 

Equations; NPH, Neutral Protamine Hagedorn; NMA, Network Meta-Analysis; od, once daily; qid, four times daily; 

SUCRA, Surface Under the Cumulative Ranking Curve; WCS, Worst Case Scenario 

Detemir [qid] vs NPH [od/bid] 1·99 0·60 to 6·63 0·18 

Glargine [od] vs NPH [od/bid] 1·73 0·63 to 4·72 0·29 

NPH [od/bid] (reference) - - 0·61 

Common within-network between-study variance: τ2 = 0·04 
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ABSTRACT
Introduction: The choice of a basal insulin regimen to
manage type 1 diabetes mellitus (T1DM) may have
different risks of adverse events and effectiveness, due
to the difference in the effectiveness of these agents
across patient characteristics (eg, baseline glycosylated
haemoglobin; A1C). Currently, there is a lack of high
quality evidence to support the tailoring of insulin
regimens according to an individual’s needs. The aim
of this study is to update our previous systematic
review and perform an individual patient data network
meta-analysis (IPD-NMA) to evaluate the comparative
safety and effectiveness of long-acting versus
intermediate-acting insulin in different subgroups of
patients with T1DM.

Methods and analysis: We will update our previous
literature search from January 2013 onwards searching
relevant electronic databases (eg, MEDLINE), as well as
perform grey literature search through relevant society/
association websites, and conference abstracts, and
scan reference lists of the eligible studies. We will
include randomised clinical trials of any duration
examining long-acting versus intermediate-acting
insulin preparations for adult patients with T1DM. We
will focus on A1C and severe hypoglycaemia outcomes.
For each pairwise treatment comparison, we will
combine all IPD from all studies in a single multilevel

model, where each study is a different cluster. For a
connected network of trials, we will perform an IPD-
NMA to identify potential effect modifiers, and estimate
the most effective and safe treatments for patients with
different characteristics. If we are not successful in
obtaining IPD for at least one study, we will include
aggregated data (AD) abstracted from the included
RCTs in our analysis, combining IPD and AD into a
single model. We will report our results using the
PRISMA-IPD statement.

Ethics and dissemination: The results of this
systematic review and IPD-NMA will be of interest to

stakeholders and will help in improving existing
guideline recommendations.

PROSPERO registry number: CRD42015023511.

INTRODUCTION
A basal insulin regimen is required in the
management of type 1 diabetes mellitus
(T1DM) and this may include long-acting
(glargine and detemir) and
intermediate-acting (neutral protamine
Hagedorn (NPH), and lente) insulin.1

Long-acting insulin has a longer duration of
action than intermediate-acting insulin and
potentially less intraindividual variability that
may improve clinical outcomes. These
choices may have different risks of adverse
events and effectiveness. To help patients
and clinicians optimally select between long-
insulin and intermediate-insulin, knowledge

Strengths and limitations of this study

▪ To the best of our knowledge, this study will be
the first network meta-analysis using individual
patient data evaluating the safety and effective-
ness of long-acting versus intermediate-acting

insulin in different subgroups of patients with
type 1 diabetes mellitus (T1DM).

▪ Our findings will directly inform clinical practice
guidelines in the development of tailored man-
agement recommendations for patients with
T1DM and facilitate individualised insulin treat-
ment regimens for patients with T1DM.

▪ A challenge of our study is that our data set
relies on the authors’ willingness to share the
data and their prompt response, but we will sur-
mount this by using validated methods for
author contact, including providing a cash
incentive.

▪ Although observational studies may provide data
on safety, we will restrict to randomised clinical
trials because this study design provides the
highest quality of evidence for safety and
effectiveness.
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regarding how the effectiveness of these agents differs
across patient characteristics (eg, baseline glycosylated
hemoglobin (A1C), risk of hypoglycaemia) is required.
International expert committees, including the
American and Canadian Diabetes Association, and the
European Association for the Study of Diabetes, recom-
mend that insulin regimens are tailored to the indivi-
dual’s treatment goals, lifestyle, diet, age, general health,
motivation, hypoglycaemia awareness status and ability
for self-management.1–4 For example, in patients with
good glycemic control, the long-acting analogues result
in less nocturnal hypoglycaemia compared with NPH
insulin.5 6 Currently, there is a lack of high quality evi-
dence to support the tailoring of insulin regimens
according to an individual’s characteristics or other
treatment effect modifiers. As such, it is imperative to
improve existing guideline recommendations and
inform decision-makers about the safety and effective-
ness of these interventions.
To address this gap and inform clinical practice guide-

lines, a systematic review and individual patient data
(IPD) network meta-analysis (NMA) would the most
trustworthy approach to perform. NMA allows the simul-
taneous analysis of randomised clinical trials (RCTs)
involving different treatments. NMA provides the ability
to get more precise estimates, draw inferences for the
comparability between interventions that have never
been compared in a RCT, and rank the interventions
according to the probability for each treatment of being
the best for each outcome.7–9 The validity of NMA
results depends on the similarity of the RCT populations
across treatment comparisons7 10 11 with respect to
potential treatment effect modifiers,12 for example, A1C,
risk of hypoglycemia, and age in the case of patients with
T1DM. When a treatment effect modifier is a patient
characteristic, IPD-NMA is the optimal approach,
whereby data from each patient enrolled in each
included trial are analysed. IPD-NMA is optimal because
a relationship at the study level is not necessarily true at
the individual patient level. For example, patients with a
longer duration of T1DM are better able to control their
A1C.

13 Hence, older patients might be more likely to
have better A1C control. Most NMAs use aggregated data
(AD) (ie, summary point estimates from patients
enrolled in each included trial) and thus information on
important patient-level effect modifiers is not available.
There are two published NMAs for managing T1DM

with insulin, including one conducted by our team.14 15

However, neither of these NMAs assessed the impact of
different insulin regiments on individual patient
characteristics (eg, baseline A1C levels ≤8.5% vs >8.5%,
males vs females), because they used AD instead of IPD.
Therefore, evidence cannot be tailored to these patient
characteristics. This is particularly important because
international expert committees, including the
American and Canadian Diabetes Association, and the
European Association for the Study of Diabetes, recom-
mend tailoring treatment for patients with T1DM. The

use of IPD in NMA can address this question providing
the most reliable and least biased results.1–3

The aim of this study is to evaluate the comparative
safety and effectiveness of long-acting insulin analogues
(detemir/glargine) versus intermediate-acting (NPH
and lente) and long-acting insulin in different sub-
groups of patients with T1DM. We will perform an
IPD-NMA to identify potential treatment effect modi-
fiers, and estimate the most effective and safe treatments
for patients with different characteristics. Even if we
obtain IPD from just one RCT, this will help us improve
our understanding and possibly increase precision in
results.16 This research will inform decision-making, as
the IPD-NMA results will provide contextualised evi-
dence to policymakers, guideline developers, healthcare
providers and patients. Our outputs will include indivi-
dualised treatment for patients with T1DM who are
using these types of insulin, and will enhance the clin-
ical practice guidelines providing tailored management
recommendations for patients with T1DM.

METHODS AND ANALYSIS
This protocol has been registered with the PROSPERO
database (CRD42015023511) and has been constructed
according to the preferred reporting items for systematic
reviews and meta-analyses protocols (PRISMA-P)
guidelines.17

Eligibility criteria
We will update our previous systematic review,15 and we
will use similar population, interventions, comparators,
study designs and time period (PICOST) criteria.
Eligible studies will be RCTs including adults with T1DM
who were administered long-acting insulin compared to
long-acting or intermediate-acting insulin. Premixed
long-acting with intermediate-acting insulin preparations
will be excluded. The specific PICOST are:
Population: adults (aged ≥18 years) with T1DM of any
duration.

Interventions: long-acting insulin analogue preparations.
Comparators: long-acting or intermediate-acting insulin.
Outcomes: we will focus on two outcomes for which NMA
was possible in our previous review:15 A1C and severe
hypoglycaemia. The A1C reflects the average blood
glucose levels of a patient over the past 3 months, and is
reported as a percentage or millimoles (mmol/mol)
(continuous variable).18 Severe hypoglycaemia is
defined as a medical emergency in which patients need
assistance to rapidly ingest sugar or receive an injection
of glucose and is a dichotomous (yes/no) variable.
Study design: We will include RCTs. Quasi-RCTs, where
allocation has been conducted using non-random
methods (eg, date of birth and consecutive allocation),
will be excluded. We will restrict our review to RCTs
because this study design provides the highest quality of
evidence for safety and effectiveness.18 Observational
studies may provide data on safety, but these studies
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typically rely on administrative data and obtaining suffi-
cient information on individual patients is challenging.
Our systematic review15 showed that there are many
RCTs available, and since the objective of this study is to
improve the implementation of the clinical practice
guideline that provides recommendations on how to
target the intervention appropriately, we will only
include RCTs.
Time: studies of any duration.
Other: we will include published and unpublished studies
from any time point.

Search and study selection
We will update our literature search from January 2013
onwards using the terms from our previous review.15 We
will search MEDLINE, Cochrane Central Register of
Controlled Trials, and Embase, trial registry websites. We
will also perform a grey literature search through rele-
vant society/association websites and conference
abstracts, and we will scan reference lists of included
studies and relevant reviews. We will use the Synthesi.SR
tool19 to screen citations and full-text articles. To ensure
reliability, we will conduct a pilot-test before screening
titles and abstracts using our eligibility criteria. This will
entail screening a random sample of 50 citations by the
entire team. When high agreement (>90%) is observed,
pairs of team members will screen each title and abstract
for inclusion, independently (level 1). After pilot-testing,
the same reviewers will screen the full text of potentially
relevant articles to determine inclusion (level 2) inde-
pendently. Conflicts will be resolved by team discussion.
Study selection will be reported using the PRISMA flow
diagram.20 We will report the number of pilot-tests
required at level 1 and level 2 screening, as well as the
per cent agreement reached prior to embarking on full
screening. We will provide reasons for study exclusion at
level 1 and level 2 screening.

Data abstraction
Data collection from eligible papers will include study
characteristics (eg, year of publication), aggregated
patient characteristics (eg, type and number of patients),
and outcome-level characteristics (eg, A1C). We will
abstract the corresponding author’s information (includ-
ing mail and email addresses, and phone number), as
well the funding source, which will be categorised as:
(1) industry-sponsored trials (funded by or authored by
an employee of a pharmaceutical or other commercial
organisation), (2) publicly-sponsored trials (governmen-
tal sources and non-profit organisations, including uni-
versities, hospitals and foundations), (3) non-sponsored
trials (no funding source), (4) unclear funding (eg,
unclear how funding is categorised), and (5) funding
not reported.21 Prior to embarking on data abstraction,
we will conduct a pilot-test using a random sample of
five included RCTs. When a high percent agreement has
been reached (eg, >90%), full data abstraction will
occur by two reviewers, independently.

We will search authors’ online research profiles (eg,
Google Scholar) or publications via PubMed if their
contact information is missing. To increase response
rates, we will provide authors with a $100 cash incentive
and we will use recommended approaches for increasing
electronic surveys response rates,22 as follows: (1) in
week 1, we will send an email to the corresponding
author explaining the study purpose and requesting
their data; (2) we will send reminder emails at the 3rd,
7th, 11th, and 15th weeks; (3) in week 7, we will send a
reminder by post in addition to email; and (4) in week
15, we will contact the corresponding author by phone.
The data we aim to include in the analyses correspond

to the data that the primary study authors used in their
RCTs that were included in our previous NMA. In par-
ticular, we will ask authors to provide anonymous IPD
on: (A) patients, including age, sex, pregnancy, baseline
A1C level, presence of comorbid conditions, history of
hypoglycaemia, other medications used for each partici-
pant, drop-outs along with reasons for drop-out and
number of participants, (B) interventions, including
treatment participant allocated, and dosage, (C) out-
comes, including event and date of event and time
taken to achieve severe hypoglycaemia, and A1C values
and measurement dates, (D) study characteristics, such
as date and method of randomisation. All IPD will be
saved on a secure server, adhering to the personal
health information protection act.
The process we will follow so as to be able to synthe-

sise the trial IPD is depicted in figure 1.

Risk of bias and quality appraisal
We will appraise the risk of bias using the Cochrane Risk
of Bias tool.18 After a pilot-test on a random sample of
five RCTs, two review authors will independently assess
the risk of bias in each included study, and any disagree-
ments will be resolved by discussion with a third review
author. As recommended by the PRISMA-IPD guide-
lines,23 we will check whether the randomisation of
patients is adequate (ie, intervention and comparison
groups are balanced for important patient character-
istics), by comparing the number and type of patients in
each arm, as well data consistency by comparing the IPD
obtained from the authors with the AD from the
publication.
For outcomes reported in ≥10 studies, we will draw a

comparison-adjusted funnel plot.24 To account for each
study estimating the relative effect of different treat-
ments, we will order treatments chronologically and
define all comparisons as newer treatment versus older
treatment. We will plot the difference between each
observed effect and the overall treatment effect of the
same treatment comparison against the SE of the
observed effect. If funnel plot asymmetry is observed, we
will examine reasons for its prevalence (eg, selective
reporting, publication bias, heterogeneity and inconsist-
ency). To evaluate the quality of evidence in each NMA,
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two review authors will independently use the GRADE
approach extended to network meta-analysis.25 26

Synthesis
We will describe the study and patient characteristics, as
well as the risk of bias results using tables and figures.
We will report our results using the PRISMA-IPD
statement.23

For each pairwise comparison, we will combine all IPD
from all studies in a single multilevel model, where each
study is a different cluster. We will use the OR effect
measure for severe hypoglycaemia27 and the mean dif-
ference (MD) effect measure for A1C levels.28 We antici-
pate there will be clinical and methodological
heterogeneity between studies and thus we will use a
random-effects model to incorporate the assumption
that different studies are estimating different treatment

effects. If IPD are not available for all trials, then a
two-part model will be used; the first part will be exactly
as described above, and the second part will be a one-
stage pairwise meta-analysis to model AD.29 Both parts
will share the same amount of between-study variance.
We will account for treatment-by-covariate interactions,
including patient characteristics (eg, age) in the
model.29

For a connected network of trials (eg, figure 2), we
will apply a random-effects NMA model assuming
common within-network between-study variance across
comparisons. If possible, we will combine information
across a network of trials using only IPD. If we are not
successful in obtaining IPD for at least one study, we will
include the AD in our analysis that was abstracted from
the included RCTs, and we will combine IPD and AD in
a single model to allow all trials to contribute to the

Figure 1 Process followed for the conduction of the individual patient data network meta-analysis. AD, aggregated data; NMA,
network meta-analysis; NPD, individual patient data.

Figure 2 Network diagrams for
(A) glycosylated haemoglobin
(A1C) and (B) severe
hypoglycaemia outcomes, as
published in our previous
systematic review and network
meta-analysis;15 bid: twice daily;
od: once daily; NPH: neutral
protamine Hagedorn; qid: four
times daily.
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network treatment effect estimates.16 30 31 We will con-
sider the patient-level covariates that are received from
the authors (as described in the Data abstraction
section) as potential treatment effect modifiers. We will
statistically evaluate whether the analysis of the network
evidence is valid at the AD-level using the
design-by-treatment interaction model,32 33 and if global
inconsistency is suggested, then we will use the loop-
specific method34 35 to identify local inconsistency. We
will explore substantial inconsistency and/or heterogen-
eity using IPD-NMA meta-regression approaches, with
the treatment effect modifiers described in the ‘Data
abstraction’ section as covariates.
For the IPD-NMA, we will apply three model specifica-

tions using three different assumptions regarding the
treatment-by-covariate interactions: (A) independent (ie,
regression coefficients are different and unrelated across
comparisons), (B) exchangeable (ie, regression coeffi-
cients are different but related, sharing the same distri-
bution), and (C) common (ie, identical regression
coefficients across comparisons).30 31 We will compare
the results of the models by evaluating the statistical sig-
nificance of the regression coefficients for interactions,
monitoring the reduction in between-study variance,
and using the deviance information criterion (DIC)36 to
compare the overall fit and parsimony of the models.
A difference of ≥3 units in DIC is considered important
and the lowest value of DIC corresponds to the best
fitting model.36 We will rank the interventions under the
consistency assumption for each outcome using the
surface under the cumulative ranking (SUCRA) curve.37

Our IPD analyses will be based on the
intention-to-treat principle including all previously
excluded patients. To evaluate the robustness of our
results, we will conduct multiple sensitivity analyses, as
follows: (1) restricting to studies of at least 12 weeks dur-
ation, as studies with shorter disease duration may do
not provide relevant information on A1C, (2) restricting
only to studies with IPD, (3) using different between-
study variance priors,38–40 (4) restricting to studies with
low risk of bias for allocation sequence generation, allo-
cation concealment, and blinding and (5) using differ-
ent imputation techniques. For A1C, missing outcome
data will be handled by: (A) last observation carried
forward, and (B) baseline observation carried
forward,41 42 whereas for severe hypoglycaemia by: (A)
imputed case analysis (ICA) best case scenario, where all
missing participants in the treatment group are assumed
non-events and all missing participants in the control
group are considered events, and (B) ICA worst case
scenario, where all missing participants in the treatment
group are assumed events and all missing participants in
the control group are considered non-events.43 44

We will perform all analyses within OpenBUGS.45 We
will check convergence evaluating the mixing of two
chains, after discarding the first 10 000 iterations. We
will use vague priors for all model parameters apart
from the between-study variance that we will use the

informative priors suggested by Turner et al39 for dichot-
omous data and Rhodes et al40 for continuous data. The
summary treatment effects will be presented using OR/
MD with their corresponding credible intervals and pre-
dictive intervals, to facilitate the interpretation of results
in light of the observed heterogeneity.46

ETHICS AND DISSEMINATION
In this study, we will evaluate the comparative safety
and effectiveness of long-acting insulin versus inter-
mediate-acting insulin for patients with T1DM. Our
previous NMA15 suggested that long-acting insulin is
statistically significantly superior to intermediate-
acting insulin for glycaemic control and severe hypo-
glycaemia. Although this NMA provided important
results, we were unable to make recommendations
about tailoring the insulin to specific patients present-
ing with T1DM.
The results of this systematic review and IPD-NMA will

be of interest to stakeholders, such as the American and
Canadian Diabetes Association, and the European
Association for the Study of Diabetes. The dissemination
of our findings will be tailored to the needs of knowl-
edge users. We will publish the results in an open-access
journal and present them at relevant meetings. Team
members will also use their networks to facilitate
dissemination.
A challenge of our study is that our data set relies on

the authors’ willingness to share the data and their
prompt response.47 However, we have experience in con-
tacting authors, as this is a regular process to ask for add-
itional data on the eligible studies to enhance clarity,
and on average we have a good response rate (>60%).
Even if we obtain a handful of studies, this will help us
achieve our aims, as it has been suggested that combin-
ing IPD with AD minimises the chances of confounding
bias compared with AD-NMA.16 48

The IPD-NMA does not require ethical approval as it
is not primary research and synthesises data from clinical
trials, where informed consent has already been
obtained from the patients by the trial investigators. We
will request authors to share with us anonymous IPD of
the RCTs that we included in our systematic review,
where each patient will be linked to a specific identifier
to prevent the patient’s identity from being shared.
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