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A B S T R A C T

Background

The use of short-acting insulin analogues (insulin lispro, insulin aspart, insulin glulisine) for adult, non-pregnant people with type 2
diabetes is still controversial, as reflected in many scientific debates.

Objectives

To assess the effects of short-acting insulin analogues compared to regular human insulin in adult, non-pregnant people with type 2
diabetes mellitus.

Search methods

For this update we searched CENTRAL, MEDLINE, Embase, the WHO ICTRP Search Portal, and ClinicalTrials.gov to 31 October
2018. We placed no restrictions on the language of publication.

Selection criteria

We included all randomised controlled trials with an intervention duration of at least 24 weeks that compared short-acting insulin
analogues to regular human insulin in the treatment of people with type 2 diabetes, who were not pregnant.

Data collection and analysis

Two review authors independently extracted data and assessed the risk of bias. We assessed dichotomous outcomes by risk ratios (RR),
and Peto odds ratios (POR), with 95% confidence intervals (CI). We assessed continuous outcomes by mean differences (MD) with
95% CI. We assessed trials for certainty of the evidence using the GRADE approach.
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Main results

We identified 10 trials that fulfilled the inclusion criteria, randomising 2751 participants; 1388 participants were randomised to receive
insulin analogues and 1363 participants to receive regular human insulin. The duration of the intervention ranged from 24 to 104 weeks,
with a mean of about 41 weeks. The trial populations showed diversity in disease duration, and inclusion and exclusion criteria. None
of the trials were blinded, so the risk of performance bias and detection bias, especially for subjective outcomes, such as hypoglycaemia,
was high in nine of 10 trials from which we extracted data. Several trials showed inconsistencies in the reporting of methods and results.

None of the included trials defined all-cause mortality as a primary outcome. Six trials provided Information on the number of
participants who died during the trial, with five deaths out of 1272 participants (0.4%) in the insulin analogue groups and three deaths
out of 1247 participants (0.2%) in the regular human insulin groups (Peto OR 1.66, 95% CI 0.41 to 6.64; P = 0.48; moderate-certainty
evidence). Six trials, with 2509 participants, assessed severe hypoglycaemia differently, therefore, we could not summarise the results
with a meta-analysis. Overall, the incidence of severe hypoglycaemic events was low, and none of the trials showed a clear difference
between the two intervention arms (low-certainty evidence).

The MD in glycosylated haemoglobin A1c (HbA1c) change was -0.03% (95% CI -0.16 to 0.09; P = 0.60; 9 trials, 2608 participants;
low-certainty evidence). The 95% prediction ranged between -0.31% and 0.25%. The MD in the overall number of non-severe
hypoglycaemic episodes per participant per month was 0.08 events (95% CI 0.00 to 0.16; P = 0.05; 7 trials, 2667 participants; very
low-certainty evidence). The 95% prediction interval ranged between -0.03 and 0.19 events per participant per month. The results
provided for nocturnal hypoglycaemic episodes were of questionable validity. Overall, there was no clear difference between the two
short-acting insulin analogues and regular human insulin. Two trials assessed health-related quality of life and treatment satisfaction,
but we considered the results for both outcomes to be unreliable (very low-certainty evidence).

No trial was designed to investigate possible long term effects (all-cause mortality, microvascular or macrovascular complications of
diabetes), especially in participants with diabetes-related complications. No trial reported on socioeconomic effects.

Authors’ conclusions

Our analysis found no clear benefits of short-acting insulin analogues over regular human insulin in people with type 2 diabetes. Overall,
the certainty of the evidence was poor and results on patient-relevant outcomes, like all-cause mortality, microvascular or macrovascular
complications and severe hypoglycaemic episodes were sparse. Long-term efficacy and safety data are needed to draw conclusions about
the effects of short-acting insulin analogues on patient-relevant outcomes.

P L A I N L A N G U A G E S U M M A R Y

Short-acting insulin analogues versus regular human insulin for type 2 diabetes mellitus

Review question

Are short-acting insulin analogues better than regular human insulin for adult, non-pregnant people with type 2 diabetes?

Background

Short-acting insulin analogues act more quickly than regular human insulin. They can be injected immediately before meals and lead
to lower blood sugar levels after food intake. Whether people with diabetes really profit from these newer insulins is debated.

Study characteristics

We found 10 randomised controlled trials (clinical studies where people are randomly put into one of two or more treatment groups)
comparing the short-acting insulin analogues insulin lispro, insulin aspart, or insulin glulisine to regular human insulin in 2751
participants. The people in the included trials were monitored (followed) for 24 to 104 weeks.

This evidence is up to date as of 31 October 2018.

Key results

We are uncertain whether short-acting insulin analogues are better than regular human insulin for long-term blood glucose control
or for reducing the number of times blood sugar levels drop below normal (hypoglycaemic episodes). The studies were too short to
reliably investigate death from any cause. We found no clear effect of insulin analogues on health-related quality of life. We found
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no information on late diabetes complications, such as problems with the eyes, kidneys, or feet. No study reported on socioeconomic
effects, such as costs of the intervention and absence from work.

Certainty of the evidence

The overall certainty of the included studies was low or very low for most outcomes, mainly because all studies were carried out in
an open-labelled fashion (study participants and study personnel knew who was getting which treatment). Several studies also showed
inconsistencies in the reporting of methods, and results were imprecise.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Short-acting insulin analogues compared to regular human insulin for adults with type 2 diabetes mellitus

Patients: adults with type 2 diabetes mellitus

Setting: outpat ients

Intervention: short-act ing insulin analogues

Comparison: regular human insulin

Outcomes Risk with RHI Risk with short-acting

insulin analogues

Relative effect

(95% CI)

of participants

(trials)

Certainty of the evi-

dence

(GRADE)

Comments

All- cause mortality (N)

Follow-up: 24-104

weeks

2 per 1000 4 per 1000 (1 to 16) Peto OR 1.66 (0.41 to

6.64)

2519 (6) ⊕⊕⊕©

moderatea
Low event rate

Macrovascular or mi-

crovascular complica-

tions

Not reported

Severe hypoglycaemic

episodes (N)

Follow-up: 24-52 weeks

See comment See comment - 2509 (6) ⊕⊕©©

lowb

Report ing of results too

diverse to allow a meta-

analysis; small num-

ber of events. The ef -

fects of short-act ing in-

sulin analogues com-

pared with regular hu-

man insulin for this out-

come are uncertain

Adverse events other

than severe hypogly-

caemic episodes (all

non-severe hypogly-

caemic episodes)

(Events per participant

per month) Follow-up:

All non-severe hy-

poglycaemic episodes

ranged across RHI

groups f rom 0.6 to 2.

5 events per part icipant

per month

The mean dif ference

in non-severe hy-

poglycaemic episodes

in short-act ing insulin

analogue groups was 0.

08 events per partici-

pant per month higher

- 2667 (7) ⊕©©©

very lowc

The 95% predict ion in-

terval ranged between -

0.03 events per part ici-

pant per month and 0.

19 events per part ici-

pant per month
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24-52 weeks (0.00 lower to 0.16

higher)

HbA1c (%)

Follow-up: 24-104

weeks

The mean change in

HbA1c levels across

RHI groups ranged f rom

-0.1% to -2.3%

The mean

change in HbA1c levels

across short-act ing in-

sulin analogue groups

was 0.03% lower (0.

16% lower to 0.09%

higher)

- 2608 (9) ⊕⊕©©

lowd

The 95% predict ion in-

terval ranged between -

0.31% and 0.25%

Health- related quality

of life

(dif f erent scales used)

Follow-up: 24-52 weeks

See comment - Unclear (2) ⊕©©©

very lowe

Health-related quality

of lif e was either as-

sessed in subpopula-

t ions of 2 trials, or insuf -

f icient ly reported. The

ef fects of short-act ing

insulin analogues com-

pared with regular hu-

man insulin for this out-

come are uncertain

Socioeconomic effects Not reported

CI: conf idence interval; HbA1c: glycosylated haemoglobin A1c; N: number; OR: odds rat io; RHI: regular human insulin

GRADE Working Group grades of evidence

High certainty: we are very conf ident that the true ef fect lies close to that of the est imate of the ef fect.

Moderate certainty: we are moderately conf ident in the ef fect est imate. The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent.

Low certainty: our conf idence in the ef fect est imate is lim ited. The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect.

Very low certainty: we have very lit t le conf idence in the ef fect est imate. The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

aDowngraded by one level because of imprecision - see Appendix 15
bDowngraded by two levels because of serious risk of bias (performance and detect ion bias) - see Appendix 15
cDowngraded by two levels because of serious risk of bias (performance and detect ion bias), and by one level because of

inconsistency (non-consistent direct ion of ef fects, 95% predict ion interval ranging f rom benef it to harm), and indirectness

(surrogate outcome) - see Appendix 155
S

h
o

rt-a
c
tin

g
in

su
lin

a
n

a
lo

g
u

e
s

v
e
rsu

s
re

g
u

la
r

h
u

m
a
n

in
su

lin
fo

r
a
d

u
lt,

n
o

n
-p

re
g
n

a
n

t
p

e
rso

n
s

w
ith

ty
p

e
2

d
ia

b
e
te

s
m

e
llitu

s
(R

e
v
ie

w
)

C
o

p
y
rig

h
t

©
2
0
1
8

T
h

e
C

o
c
h

ra
n

e
C

o
lla

b
o

ra
tio

n
.
P

u
b

lish
e
d

b
y

Jo
h

n
W

ile
y

&
S

o
n

s,
L

td
.



dDowngraded by one level because of inconsistency (non-consistent direct ion of ef fect, 95% predict ion interval ranging f rom

benef it to harm), and by one level because of imprecision (CI consistent with benef it and harm) - see Appendix 15
eDowngraded by two levels because of serious risk of bias (performance bias, detect ion bias, attrit ion bias), and by one level

because of imprecision (small number of trials) - see Appendix 15
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B A C K G R O U N D

Description of the condition

Type 2 diabetes mellitus is a chronic metabolic disease charac-
terised by a combination of insulin resistance of peripheral tissues,
and insufficient insulin secretion from the pancreas, which results
in chronic hyperglycaemia (elevated levels of plasma glucose) with
disturbances of the carbohydrate, fat, and protein metabolism.
Long-term complications of diabetes mellitus include retinopa-
thy, nephropathy, neuropathy, and increased risk of cardiovascular
disease. Type 2 diabetes is the most common form of diabetes,
with the number of people affected rising rapidly worldwide (Wild
2004).

Description of the intervention

The main treatment goal for most people with type 2 diabetes is
to reduce the risk of diabetic complications and hypoglycaemia.
While initially, the disease can often be treated with dietary and
behavioural changes alone, or in combination with non-insulin
antidiabetic drugs, eventually, many people require additional in-
sulin therapy (ADA 1997). Different insulin regimens are possible
for people with type 2 diabetes. Usually, insulin therapy for people
with type 2 diabetes is initiated using basal insulin preparations to
correct for fasting hyperglycaemia. However, with the progression
of beta-cell deficiency, additional insulin injections before one or
several meals are often necessary to achieve sufficient glycaemic
control. Alternatively, insulin therapy can be initiated or intensi-
fied with the application of twice-daily pre-mixed insulin, whereby
the insulin mixture consists of a short-acting and a medium- or
long-acting insulin component (Meneghini 2013).
Insulin preparations used for prandial application or the fast-act-
ing component of pre-mixed insulin can either be regular human
insulin (RHI) or short-acting insulin analogues. In contrast to hu-
man endogenous insulin, insulin analogues have a slightly mod-
ified molecular structure, resulting in different pharmacokinetic
profiles. When regular human insulin is injected subcutaneously,
the plasma insulin concentration peaks about two to four hours
after injection, unlike the much earlier plasma insulin peak in non-
diabetic people after meal ingestion. This low rise to peak insulin
concentration makes it difficult to mimic physiologic temporal
insulin profiles, and is likely to account for much of the observed
hyperglycaemia following meals in people with type 2 diabetes
(Zinman 1989). The delay in the absorption of subcutaneously
administered regular insulin is due to the fact that in this prepara-
tion, insulin tends to associate in ’clusters’ of six molecules (hex-
amers), and time is needed after injection for these clusters to dis-
sociate to single molecules that can be used by the body (Mosekilde
1989). Short-acting insulin analogues with less tendency toward
self-association are absorbed more quickly, achieving peak plasma

concentrations about twice as high, and within approximately half
the time as regular insulin (Howey 1994; Torlone 1994).
Currently, there are three different short-acting insulin analogues
available: insulin aspart, insulin glulisine, and insulin lispro. Com-
pared to regular human insulin, insulin aspart has aspartic acid
instead of proline at position 28 of the B-region; in glulisine, the
amino acid asparagine was replaced by lysine at position 3, and
lysine with glutamic acid at position 29 of the B-chain; and in
lispro, proline at position 28 and lysine at position 29 of the B-
region were interchanged.

Adverse effects of the intervention

The key risk associated with any insulin therapy is the occur-
rence of hypoglycaemic episodes. While insulin analogues have
been promoted as lowering the risk of hypoglycaemia, the evidence
needs to be carefully evaluated, considering different patient sub-
groups and methodological challenges associated with the assess-
ment of hypoglycaemia in clinical trials. For example, Singh 2009
pointed out that several trials on insulin analogues have excluded
participants with a history of severe hypoglycaemia. Open-label
designs, combined with measurements of hypoglycaemia that rely
solely on participants’ reports, make many results at high risk for
bias. Overall, previous meta-analyses suggested that the risk of se-
rious hypoglycaemic episodes were similar for regular human in-
sulin and short-acting insulin analogues in participants with type
2 diabetes (Mannucci 2009; Singh 2009).
Another potential adverse effect of insulin therapy is weight gain.
In general, improvement in glycaemic control through insulin
therapy is frequently associated with weight gain, which in turn,
can have negative consequences on blood pressure and lipid pro-
files. Especially for people with type 2 diabetes struggling with
obesity, this adverse effect could have consequences for compli-
ance. To date, there are no trials that have reported a relevant dif-
ference in weight gain between short-acting insulin analogues and
regular human insulin in people with type 2 diabetes.
Finally, the structural homology of insulin analogues to insulin-
like-growth-factor-I (IGF-I) has caused concern regarding the pro-
gression of diabetic late complications and potential mitogenic
(induction of cell division) effects, especially with long-term use of
insulin analogues. IGF-I may affect the progression of retinopathy
(Grant 1993; King 1985), and certain modified insulin analogues
have shown a carcinogenic effect in the mammary glands in female
rats (Jørgensen 1992), or mitogenic potency in osteosarcoma cells
(Kurtzhals 2000).

How the intervention might work

Due to their faster pharmacokinetics, insulin analogues could lead
to lower glucose levels after meals, and potentially also improve
overall glycaemic control (Heinemann 1996; Howey 1994). Since
it has been proposed by some authors that lower postprandial glu-
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cose may be associated with a lower risk of cardiovascular com-
plications in diabetes, hypothetically, treatment with short-acting
insulin analogues could also result in a reduced risk for complica-
tions (Haffner 1998).
Insulin analogues might have additional beneficial effects on pa-
tients’ quality of life by requiring less restrictive mealtime plan-
ning. For participants treated with RHI, insulin should be ad-
ministered at least 30 minutes before meals. However, this recom-
mendation is often not followed by patients because of its incon-
venience (Overman 1999). In contrast, short-acting insulin ana-
logues can be injected directly before meals, or even after meals,
without a deterioration of prandial glycaemic control (Brunner
2000; Giugliano 2008; Schernthaner 1998).

Why it is important to do this review

Based on their pharmacokinetic profile, we might expect short-
acting insulin analogues to improve the insulin therapy of people
with diabetes mellitus, but at best, the evidence collected in pre-
vious reviews and meta-analyses showed only limited benefits on
glycaemic control and the frequency of hypoglycaemic episodes,
compared to therapy with regular human insulin (Gough 2007;
Mannucci 2009; Singh 2009; WHO 2011). Furthermore, poten-
tial adverse effects of treatment with these insulin analogues have
not been ruled out sufficiently, and there is a lack of evidence re-
garding the effects on long-term clinical outcomes (Singh 2009;
WHO 2011).
Although clinical guidelines on type 2 diabetes do not give a clear
preference of short-acting insulin analogues over regular human
insulin (NICE 2008; NVL 2013), short-acting insulin analogues
have become increasingly popular in the treatment of type 2 di-
abetes mellitus since their introduction to the market (Alexander
2008; Frick 2008).
Based on the results of cost effectiveness analyses (Cameron 2009;
Holden 2011), this heavy use of insulin analogues promoted
through aggressive marketing of the pharmaceutical industry has
become a matter of political debate (Frick 2008; Gale 2011; Gale
2012; Holleman 2007; Sawicki 2011). This issue is of particular
importance for low- and middle-income countries, where people
still die due to the lack of affordable insulin (Cohen 2011; Gale
2011).
Considering this background, the availability of current evidence
is highly relevant. The aim of this work was to systematically re-
view the clinical efficacy and safety of the short-acting insulin ana-
logues aspart, glulisine, and lispro in the treatment of people with
type 2 diabetes mellitus, with a particular focus on long-term clin-
ical outcomes. In contrast to the previous review, this update is
restricted to trials with a follow-up duration of at least 24 weeks
(Siebenhofer 2006).

O B J E C T I V E S

To assess the effects of short-acting insulin analogues compared to
regular human insulin (RHI) in adult, non-pregnant persons with
type 2 diabetes mellitus.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) with a treatment
duration (follow-up) of 24 weeks or more, designed to compare
participants with type 2 diabetes who were treated with the cur-
rently available short-acting insulin analogues lispro, aspart, gluli-
sine, or with their biosimilars, compared with RHI, regardless of
dose or schedule.
For mortality, macrovascular, and microvascular complications,
trials with a follow-up of several years would be needed. To assess
metabolic control, trials with a shorter duration could be useful,
if the blood glucose lowering effect of the investigated treatments
were assessed with sufficient confidence, and compared to patient-
relevant outcomes (e.g. avoidance of hypoglycaemic events). Thus,
we considered trials with a minimum duration of 24 weeks for
inclusion in this review. This is concurrent with the requirement
of the European Medicines Agency for confirmatory trials in the
treatment of diabetes mellitus (EMA 2002).

Types of participants

Adults (18 years and older) with type 2 diabetes mellitus who were
not pregnant.

Diagnostic criteria for type 2 diabetes mellitus

In order to be consistent with changes in the classification and
diagnostic criteria of diabetes mellitus over the years, the diagnosis
should have been established using the standard criteria valid at
the time of the trial commencing (for example ADA 2003; ADA
2017; WHO 1999). Ideally, diagnostic criteria should have been
described. We used the trial authors’ definition of diabetes mellitus,
if necessary. We had planned to subject diagnostic criteria to a
sensitivity analysis.

Types of interventions

We considered all trials comparing treatment with short-acting
insulin analogues (insulin lispro, insulin aspart, insulin glulisine,
or biosimilars) to treatment with RHI, if insulin was injected sub-
cutaneously via syringe, pen, or pump.
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Combination with long- or intermediate-acting insulins was pos-
sible, as long as any additional treatment was given equally to both
groups.
We planned to investigate the following comparisons of interven-
tions versus control or comparator.

Intervention

• Short-acting insulin analogues (insulin lispro, insulin
aspart, insulin glulisine, or biosimilars)

Comparison

• Regular human insulin (RHI)

Concomitant interventions had to be the same in both the inter-
vention and comparator groups to establish fair comparisons.
If a trial included multiple arms, we included any arm that met
the review inclusion criteria.

Summary of specific exclusion criteria

We excluded trials of the following category.
• Trials in participants younger than 18 years
• Trials in pregnant women
• Trials with a treatment duration (follow-up) of less than 24

weeks
• Trials where insulin was not administered subcutaneously

Types of outcome measures

Glycosylated haemoglobin A1c (HbA1c) is used in many trials
as a surrogate outcome for macrovascular and microvascular end-
points. Because the incidence of such late complications rises with
higher HbA1c values in a linear way in observational studies,
it was assumed that lowering HbA1c would, in turn, lead to a
reduction of unfavourable outcomes, such as myocardial infarc-
tion, stroke, amputation, nephropathy, retinopathy, etc (Nordwall
2009; Stratton 2000). However, in interventional trials in peo-
ple with type 2 diabetes mellitus, lowering HbA1c was not con-
sistently associated with a corresponding lowering of the inci-
dence of the above mentioned patient-relevant outcomes, and in
some instances, was even associated with a increase of such events
(ACCORD 2008; Nissen 2007; Singh 2007). Therefore, we did
not consider it a valid surrogate endpoint for reduction of late
diabetic complications in persons with type 2 diabetes mellitus in
this systematic review.
In this review, we reported HbA1c, because it is required to judge
the effects of the different insulins on the occurrence of hypo-
glycaemic reactions. Intervention trials have shown that lowering
blood glucose targets was associated with higher rates of hypo-
glycaemic events (ACCORD 2008; ADVANCE 2008; DCCT
1993; Duckworth 2009; UKPDS 1998). Thus, a reduction of

such events in one of the comparison groups in interventional tri-
als could be caused by a lower intensity of blood glucose reduction,
and not necessarily by the effect of a specific treatment. Because
of this, the rate of hypoglycaemic events has to be judged in ref-
erence to the respective blood glucose lowering effects, measured
by HbA1c.

Primary outcomes

• All-cause mortality
• Macrovascular and microvascular complications
• Severe hypoglycaemic episodes

Secondary outcomes

• Glycaemic control (HbA1c)
• Adverse events other than severe hypoglycaemic episodes
• Health-related quality of life
• Socioeconomic effects

Method of outcome measurement

• All-cause mortality: death from any cause
• Macrovascular complications: nonfatal and fatal myocardial

infarction and stroke
• Microvascular complications: manifestation and

progression of retinopathy, nephropathy, neuropathy, and end-
stage renal disease

• Severe hypoglycaemic episodes: number of participants
with at least one severe hypoglycaemic episode

• Glycaemic control: measured by HbA1c in percent or
mmol/mol

• Adverse events other than severe hypoglycaemic episodes:
number of non-severe overall hypoglycaemic episodes, number
of participants who experienced at least one episode of
ketoacidosis, weight gain, or other adverse events

• Health-related quality of life: evaluated with a validated
instrument, such as the 36-item Short Form Health Survey (SF-
36) or the EuroQol Instument (EQ-5D), and measured at the
latest measurement time point during follow-up

• Socioeconomic effects: costs of the intervention, absence
from work, medication consumption, etc

Timing of outcome measurement

We included outcomes that were measured after a time interval of
shorter than 12 months (short-term), or longer than 12 months
(long-term).

Search methods for identification of studies

Electronic searches
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This review is an update of the former review ’Short-acting insulin
analogues versus regular human insulin in patients with diabetes
mellitus’, which was withdrawn and split into two Cochrane Re-
views on short-acting insulin analogues versus regular human in-
sulin for type 1 and type 2 diabetes mellitus.
The review teams carried out the electronic search in two steps.
The first search was conducted from inception until April 2015
in the following databases:

• Cochrane Central Register of Controlled Trials
(CENTRAL, 2015, issue 3), in the Cochrane Library (March
2015).

• MEDLINE Ovid, MEDLINE In-process & Other Non-
indexed Citations Ovid, MEDLINE Daily Ovid, and
OLDMEDLINE Ovid (1946 to 14 April 2015);

• Embase Ovid (1988 to 2015, Week 15);

A second search was conducted from 1 January 2015 to the spec-
ified date in the following sources:

• Cochrane Central Register of Controlled Trials
(CENTRAL) via Cochrane Register of Studies Online (CRSO;
searched on 31 October 2018);

• MEDLINE Ovid (Epub Ahead of Print, In-Process &
Other Non-indexed Citations, MEDLINE Daily and
OLDMEDLINE (1 January 2015 to 31 October 2018);

• Embase Ovid (1 January 2015 to 5 October 2017).

We did not update the Embase search after 2017, as RCTs indexed
in Embase are now prospectively added to CENTRAL via a highly
sensitive screening process (CENTRAL creation details).
We searched the following clinical trial registers from inception to
the specified date:

• ClinicalTrials.gov (www.clinicaltrials.gov; searched on 31
October 2018);

• WHO International Clinical Trials Registry Platform
(ICTRP; apps.who.int/trialsearch/; searched on 31 October
2018).

For detailed search strategies, see Appendix 1. We placed no re-
strictions on the language of publication when searching the elec-
tronic databases or reviewing reference lists of identified trials.

Searching other resources

In addition to the electronic search, we reviewed references from
original articles and reviews.
For the original review, we screened abstracts of major diabetol-
ogy meetings (European Association for the Study of Diabetes,
American Diabetes Association) from 1992, and articles of dia-
betes journals (Diabetologia, Diabetic Medicine, Diabetes Care,
Diabetes) until December 2003.
We directed inquiries to the three main pharmaceutical companies
producing short-acting insulin analogues ( Aventis, Eli Lilly, Novo
Nordisk). In addition, we searched the company’s trial registers (
Lilly; Novo Nordisk; Sanofi).

We contacted experts and approval agencies (the European Agency
for the Evaluation of Medicinal Products (EMA), the US Food
and Drug Administration (FDA), the Medicines Control Agency
(MCA), the Therapeutic Goods Administration (TGA); Hart
2012; Schroll 2015).
For economic analyses, we contacted the Pharmaceutical Evalua-
tion Section of the Pharmaceutical Benefits Branch of the Com-
monwealth Department of Health and Aged Care of Australia.
We also reviewed the bibliography of standard textbooks (Diabetes
Annual, 12 (Marshall 1999); Praxis der Insulintherapie (Berger
2001), Evidence-based Diabetes Care (Gerstein 2001)).
We considered additional information, based on original trial re-
ports, which was published in a report by the German Institute for
Quality and Efficiency in Health Care (IQWIG 2005). Therefore,
this report was cited as an additional source. If we encountered in-
consistency between journal publications and the IQWIG 2005,
we used data from the IQWiG report, since these data were based
on original trial reports, and therefore deemed more reliable.

Data collection and analysis

Selection of studies

Two review authors (BF or MS, KH or TS) independently scanned
the abstract, title, or both, of every record retrieved by the lit-
erature searches, to determine which trials we should assess fur-
ther. We resolved any disagreements through consensus, or by re-
course to a third review author (AS). If resolving disagreement was
not possible, we categorised the trial as ’awaiting classification’,
and contacted the trial authors for clarification. We presented an
adapted PRISMA flow-diagram to shown the process of trial se-
lection (Liberati 2009). We listed all articles excluded after full-
text assessment in the ’Characteristics of excluded studies’ table,
and provided the reasons for exclusion.

Data extraction and management

For trials that fulfilled the inclusion criteria, two review authors
(BF and MS) independently extracted relevant population and
intervention characteristics. We reported data on efficacy out-
comes and adverse events using standardised data extraction sheets
from the Cochrane Metabolic and Endocrine Disorders (CMED)
Group. We resolved any disagreements by discussion, or if re-
quired, we consulted a third review author (AS). For details, see
Characteristics of included studies; Table 1; Appendix 2; Appendix
3; Appendix 4; Appendix 5; Appendix 6; Appendix 7; Appendix 8;
Appendix 9; Appendix 10; Appendix 11; Appendix 12; Appendix
13; Appendix 14; Appendix 15.
We provided information about potentially-relevant ongoing tri-
als, including trial identifier, in the ’Characteristics of ongoing
studies’ table, and in the Appendix 7 ’Matrix of study endpoints’.
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We tried to find the protocol of each included trial, either in
databases of ongoing trials, in publications of study designs, or
both, and specified data in Appendix 7.
We sent an email request to authors of included trials to enquire
whether they were willing to answer questions regarding their tri-
als. Appendix 13 shows the results of this survey. If they agreed, we
sought relevant missing information on the trial from the primary
trial author(s), if required.

Dealing with duplicate publications and companion papers

We maximised our yield of information by collating all available
data from duplicate publications, companion documents, or mul-
tiple reports of a primary trial, as available. In case of doubt, we
gave priority to the publication reporting the longest follow-up
associated with our primary or secondary outcomes.
We listed any duplicate publications, companion documents, mul-
tiple reports of a primary trial, and trial documents of included
trials (such as trial registry information) as secondary references
under the study identifier (ID) of the included trial. We also listed
duplicate publications, companion documents, multiple reports
of a trial, and trial documents of excluded trials (such as trial reg-
istry information) as secondary references under the study ID of
the excluded trial.

Data from clinical trials registers

If data from included trials were available as study results in clini-
cal trials registers, such as ClinicalTrials.gov or similar sources, we
made full use of this information and extracted the data. If there
was also a full publication of the trial, we collated and critically
appraised all available data. If an included trial was marked as a
completed study in a clinical trials register, but no additional infor-
mation (study results, publication or both) was available, we added
this trial to the ’Characteristics of studies awaiting classification’
table.

Assessment of risk of bias in included studies

Two review authors (BF, TS, or KH) independently assessed the
risk of bias of each included trial. We resolved any disagreements
by consensus, or by consulting a third review author (KH). In the
cases of disagreement, we consulted the remainder of the review
author team, and made a judgement based on consensus. If ade-
quate information was unavailable from the trials, trial protocols,
or other sources, we contacted the trial authors to request more
details or missing data on ’Risk of bias’ items.
We used the Cochrane ’Risk of bias’ assessment tool, and assigned
assessments of low, high, or unclear risk of bias; for details see
Appendix 2; Appendix 3. We evaluated individual bias items as
described in the Cochrane Handbook for Systematic Reviews of In-
terventions, according to the criteria and associated categorisations
contained therein((Higgins 2011; Higgins 2017).

Summary assessment of risk of bias

We presented a ’Risk of bias’ graph and a ’Risk of bias’ summary
figure.
We distinguished between self-reported, investigator-assessed, and
adjudicated outcome measures.
We considered the following outcomes to be self-reported.

• Macrovascular or microvascular complications
• Severe hypoglycaemic episodes
• Adverse events other than severe hypoglycaemic episodes
• Health-related quality of life

We considered the following outcomes to be investigator-assessed.
• All-cause mortality
• Macrovascular or microvascular complications
• Severe hypoglycaemic episodes
• Glycaemic control (HbA1c)
• Adverse events other than severe hypoglycaemic episodes
• Socioeconomic effects

Risk of bias for a trial across outcomes: some risk of bias do-
mains, such as selection bias (sequence generation and allocation
sequence concealment), affect the risk of bias across all outcome
measures in a trial. In cases of high risk of selection bias, we marked
all endpoints investigated in the associated trial as being at high
risk. Otherwise, we did not performed a summary assessment of
the risk of bias across all outcomes for a trial.
Risk of bias for an outcome within a trial and across domains:
we assessed the risk of bias for an outcome measure by including
all entries relevant to that outcome (i.e. both trial-level entries and
outcome-specific entries). We considered low risk of bias to denote
a low risk of bias for all key domains, unclear risk to denote an
unclear risk of bias for one or more key domains, and high risk to
denote a high risk of bias for one or more key domains.
Risk of bias for an outcome across trials and across domains:
these are the main summary assessments that we incorporated into
our judgments about the quality of evidence in the ’Summary of
findings’ tables. We defined outcomes as at low risk of bias when
most information came from trials at low risk of bias, unclear risk
when most information came from trials at low or unclear risk of
bias, and high risk when a sufficient proportion of information
came from trials at high risk of bias.

Measures of treatment effect

When at least two included trials were available for a comparison
and a given outcome, we tried to express dichotomous data as a risk
ratio (RR) or Peto odds ratio (POR) with 95% confidence intervals
(CIs). For continuous outcomes measured on the same scale (e.g.
weight loss in kg), we estimated the intervention effect using the
mean difference (MD) with 95% CIs. For continuous outcomes
that measured the same underlying concept (e.g. health-related
quality of life) but used different measurement scales, we calcu-
lated the standardised mean difference (SMD). We had planned
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to express time-to-event data as a hazard ratio (HR) with 95%
CIs.

Unit of analysis issues

We took into account the level at which randomisation occurred,
such as cross-over trials, cluster-randomised trials, and multiple
observations for the same outcome.
If more than one comparison from the same trial was eligible for
inclusion in the same meta-analysis, we either combined groups to
create a single pair-wise comparison, or appropriately reduced the
sample size so that the same participants did not contribute mul-
tiple data (splitting the ’shared’ group into two or more groups).
While the latter approach offers some solution to adjusting the
precision of the comparison, it does not account for correlation
arising from the same set of participants being in multiple com-
parisons.
We wanted to re-analyse cluster-RCTs that did not appropriately
adjust for potential clustering of participants within clusters in
their analyses. We planned to inflate the variance of the interven-
tion effects by a design effect. Calculation of a design effect in-
volves estimation of an intra-cluster correlation (ICC). We would
have obtained estimates of ICCs through contact with the trial
authors, imputed them using estimates from other included trials
that reported ICCs, or using external estimates from empirical re-
search (e.g. Bell 2013). We had planned to examine the impact of
clustering using sensitivity analyses.

Dealing with missing data

If possible, we obtained relevant missing data from the authors of
the included trials. We carefully evaluated important numerical
data, such as screened, randomised, assigned participants, as well
as intention-to-treat (ITT), as-treated, and per-protocol popula-
tions. We investigated attrition rates (e.g. dropouts, losses to fol-
low-up, withdrawals), and we critically appraised issues of missing
data and imputation methods (e.g. last observation carried for-
ward).
Where included trials did not report means and standard devi-
ations (SDs) for outcomes and we did not receive the necessary
information from trial authors, we imputed these values by esti-
mating the mean and variance from the median, range, and the
size of the sample (Hozo 2005).
We planned to investigate the impact of imputation on meta-
analyses by performing sensitivity analyses and we reported per
outcome, which trials were included with imputed SDs.

Assessment of heterogeneity

In the event of substantial clinical or methodological heterogene-
ity, we did not report trial results as the pooled effect estimate in
a meta-analysis.

We identified heterogeneity (inconsistency) by visual inspection
of the forest plots, and by using a standard Chi² test with a signifi-
cance level of α = 0.1. In view of the low power of this test, we also
considered the I² statistic, which quantifies inconsistency across
trials to assess the impact of heterogeneity on the meta-analysis
(Higgins 2002; Higgins 2003).
Had we found heterogeneity, we would have attempted to deter-
mine potential reasons for it by examining individual study and
subgroup characteristics.

Assessment of reporting biases

If we included 10 or more trials that investigated a particular out-
come, we had planned to use funnel plots to assess small-trial ef-
fects. Several explanations may account for funnel plot asymme-
try, including true heterogeneity of effect with respect to trial size,
poor methodological design (and hence bias of small trials), and
publication bias. Therefore, we interpreted the results carefully
(Sterne 2011).

Data synthesis

We undertook a meta-analysis only if we judged participants, in-
terventions, comparisons, and outcomes to be sufficiently sim-
ilar to ensure an answer that was clinically meaningful. Unless
good evidence showed homogeneous effects across trials of dif-
ferent methodological quality, we primarily summarised data at
low risk of bias using a random-effects model (Wood 2008). We
interpreted random-effects meta-analyses with due consideration
to the whole distribution of effects and presented a prediction
interval (Borenstein 2017a; Borenstein 2017b; Higgins 2009). A
prediction interval needs at least three trials to be calculated and
specifies a predicted range for the true treatment effect in an in-
dividual study (Riley 2011). For rare events, such as event rates
below 1%, we used the Peto’s odds ratio (POR) method, provided
that there was no substantial imbalance between intervention and
comparator group sizes, and intervention effects were not excep-
tionally large. We performed statistical analyses according to the
statistical guidelines presented in the Cochrane Handbook for Sys-
tematic Reviews of Interventions (Deeks 2017).

Subgroup analysis and investigation of heterogeneity

We expected the following characteristics to introduce clinical het-
erogeneity, and we had planned to carry out the following sub-
group analyses, including investigation of interactions (Altman
2003).

• Sex
• Age
• Different short-acting insulin analogues
• Additional anti-hyperglycaemic treatment
• Different methods of insulin application
• Duration of disease
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• Duration of follow-up
• Hypoglycaemia unawareness

Sensitivity analysis

We planned to perform sensitivity analyses in order to explore the
influence of the following factors (when applicable) on effect sizes,
by restricting analysis to the following.

• Taking into account risk of bias, as specified in the
Assessment of risk of bias in included studies section.

• Very long (more than 12 months) or large trials to establish
how much they dominated the results.

• Using the following filters: language of publication,
imputation, clustered data and source of funding (industry
versus other).

We also planned to test the robustness of the results by repeating
the analysis using different statistical models (fixed-effect model
and random-effects model).

Certainty of evidence

We presented the overall certainty of evidence for each outcome
specified under Types of outcome measures, We assessed the cer-
tainty of our findings according to the GRADE approach, which
takes into account issues related to internal validity (risk of bias,
inconsistency, imprecision, publication bias) and external validity
(directness of results). Two review authors (BF, KH, TS) indepen-
dently rated the quality of evidence for each outcome. Differences
in assessment were solved by discussion, or in consultation with a
third review author.
We used the ’Checklist to aid consistency and reproducibility
of GRADE assessments’, to help us standardise our assessments
(Appendix 15; Meader 2014). If we did not complete a meta-anal-
ysis for an outcome, we presented the results in a narrative format
in the ’Summary of findings’ table. We justified all decisions to
downgrade the quality of trials using footnotes, and we made com-
ments to aid the reader’s understanding of the Cochrane Review
where necessary.

Summary of findings table

We presented a summary of the evidence in Summary of findings
for the main comparison. It provides key information about the

best estimate of the magnitude of the effect, in relative terms and
as absolute differences, for the comparison of alternative manage-
ment strategies (short-acting insulin analogues versus regular hu-
man insulin), numbers of participants and trials addressing each
important outcome, and a rating of overall confidence in effect
estimates for each outcome. We created the ’Summary of findings’
table based on the methods described in the Cochrane Handbook
for Systematic Reviews of Interventions, using the Review Manager 5
table editor rather than GRADEpro GDT software (GRADEpro
GDT 2015; RevMan 2014; Schünemann 2011). We reported the
following outcomes, listed according to priority.

• All-cause mortality
• Macrovacular or microvascular complications
• Severe hypoglycaemic episodes
• Adverse events other than severe hypoglycaemic episodes
• Glycaemic control (HbA1c)
• Health-related quality of life
• Socioeconomic effects

R E S U L T S

Description of studies

Results of the search

The electronic search using the search strategies described yielded
8085 references. We identified two additional records, including
the IQWiG report through non-database sources (IQWIG 2005).
After we removed duplicates, 4860 records remained.
After investigating these 4860 abstracts, we excluded 4805 accord-
ing to our inclusion and exclusion criteria, leaving 54 for further
examination. After screening the full text of these selected records,
12 trials (17 publications) met the inclusion criteria. We classi-
fied two of these trials as awaiting classification. We identified no
additional trials by handsearching the reference lists of included
trials, systematic reviews, meta-analyses, and HTA reports. In this
review update we included 10 completed trials (14 publications).
Three of these trials were included in our original review (Ross
2001; Z012 1997; Z014 1997). For further details see Figure 1.
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Figure 1. Study flow diagram
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Studies awaiting classification

We classified two records as awaiting classification (see
Characteristics of studies awaiting classification). One trial was
listed in ClinicalTrials.gov with unknown status and estimated
completion date of October 2010 (NCT01500850). So far, no
trial results have been reported online, and we found no publica-
tions. We contacted the trial investigator, but received no reply.
For the other trial, we were unable to determine if treatment reg-
imens were similar in both comparison groups (Farshchi 2016).
We contacted the trial investigator, but received no reply.

Ongoing trials

We found no potentially relevant ongoing RCTs that investigated
short-acting insulin analogues insulin aspart, insulin glulisine, in-
sulin lispro, and their biosimilars compared to regular human in-
sulin in adults with type 2 diabetes mellitus.

Included studies

We found 10 RCTs (described in 14 reports) to be potentially
appropriate for inclusion in the meta-analysis. A detailed descrip-
tion of the characteristics of included studies is presented in the
’Characteristics of included studies’ table. The following is a suc-
cinct overview:

Source of data

The results of the 10 trials were partially published in scientific
journals between 1997 and 2013. One of these trials was only pub-
lished as a conference poster (Pfützner 2013). For one of the trials,
we obtained additional information from entries in clinical trials
registers, and for four of the trials, we relied on additional infor-
mation, based on the original study reports, which were published
in a report by IQWIG (Bastyr 2000; Dailey 2004; IQWIG 2005;
Z012 1997; Z014 1997). Anderson 1997 contained the combined
data of two trials (Z012 1997; Z014 1997). From the publication,
it was not clear that data of different two trials were combined.
However, the original trial reports were available in IQWIG 2005,
so we treated these trials separately in this review, using the same
study names (Z012 1997; Z014 1997) as in IQWIG 2005. For
one trial, information and results were only available from the en-
try in ClinicalTrials.gov, and from the pharmaceutical manufac-
turers’ study reports (NCT01650129). We contacted all authors
to request missing data or clarify issues about the methodology of
the trial (see Appendix 13).

Comparisons

Five trials compared the insulin analogue lispro with regular hu-
man insulin (Altuntas 2003; Bastyr 2000; Ross 2001; Z012 1997;
Z014 1997), two trials used the insulin analogue aspart (Hermann
2013; NCT01650129), two trials used glulisine (Dailey 2004;
Rayman 2007), and one trial had three treatment arms compar-
ing glulisine, aspart and RHI (Pfützner 2013). For details see
Appendix 4.

Overview of trial populations

Overall, 2751 participants with type 2 diabetes participated in
the 10 included trials; 1388 participants were randomised to the
treatment arm and received a short-acting insulin analogue, 1363
participants were randomised to the control group and received
regular human insulin. On average, 95% of the randomised par-
ticipants participated in the trials until the end. One trial did not
report the dropout rate for the treatment arms separately, but the
overall attrition rate was 3% (Ross 2001). For the remaining trials,
93% (1221) of participants finished the trial in the intervention,
and 93% (1195) of the participants in the comparator groups.
The sample size ranged from 12 (Pfützner 2013) to 892 partici-
pants (Rayman 2007).

Trial design and setting

All included trials were RCTs with a parallel design; half of them
were non-inferiority trials (see Table 1). They were all open-label
trials, with no blinding of participants or investigators. The ma-
jority of the trials (70%) were carried out in multiple centres. For
three trials, the setting was not reported. Two of them were likely
carried out in a single centre (Altuntas 2003; Pfützner 2013), while
the other was likely a multi-centre trial (Ross 2001). Five trials
had study centres in multiple countries, including countries from
Europe, North and South America, Australia, and Africa (Bastyr
2000; Dailey 2004; Rayman 2007; Z012 1997; Z014 1997). The
other trials were carried out in Japan (NCT01650129), Turkey
(Altuntas 2003), Canada (Ross 2001), and Germany (Hermann
2013). For one trial, the country was not reported, but was likely
also carried out in Germany (Pfützner 2013). Two trials provided
no information on the funding source (Altuntas 2003; Ross 2001).
All other trials were at least partially commercially funded. The
duration of the trials ranged from 22 to 104 weeks, with a mean
of about 41 weeks. Four of the trials reported a run-in period that
lasted from two to four weeks in order to achieve stable metabolic
conditions (Dailey 2004; Rayman 2007; Z012 1997; Z014 1997).
None of the trials were terminated before the planned end of fol-
low-up.
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Participants

The mean age of participants was 57 years, ranging between 55
and 64 years across trials (see Appendix 4; Appendix 5). One trial
did not provide information on the gender of the participants
(Altuntas 2003). For the remaining trials, 45% of the participants
were female. The average body mass index was 31 kg/m², with
the trial means ranging from 23 kg/m² to 35 kg/m². Three tri-
als did not report on the duration of diabetes in the participants
(Hermann 2013; NCT01650129; Pfützner 2013).The mean du-
ration of diabetes across the remaining seven trials ranged from
8 to 15 years, with an average duration across all participants of
13 years. The participants’ average HbA1c was 8.1% at baseline,
and varied between 7.1% and 10.6% across trials. Data on dis-
ease severity and comorbidities were generally scarce. Only Ross
2001 reported the prevalence of neuropathy, retinopathy, hyper-
tension, and peripheral vascular disease in the overall trial sam-
ple. Three trials only included insulin naive participants (Altuntas
2003; Hermann 2013; Ross 2001). Six trials only included par-
ticipants who were already insulin treated (Bastyr 2000; Dailey
2004; NCT01650129; Rayman 2007; Z012 1997; Z014 1997).
Pfützner 2013 provided no information on pre-trial blood glucose
lowering medication. While OAD co-medication was allowed in
Rayman 2007 and Dailey 2004, such participants were excluded in
Z012 1997 and Z014 1997. For Bastyr 2000 and NCT01650129,
it remains unclear if participants had to be on insulin only. Two tri-
als provided Information on ethnicity (Bastyr 2000; Dailey 2004).
In Dailey 2004, 85% of the participants were White, 11% Black,
2% Asian, 7% Hispanic, and 1% multi-ethnic. In Bastyr 2000,
76% of the participants were White.
Criteria for entry into the individual trials are outlined in the
’Characteristics of included studies’ table. Insulin pump therapy
and advanced diabetic complications were major exclusion criteria.

Diagnosis

Participants were diagnosed with type 2 diabetes mellitus in all of
the trials. Most trials confirmed the diagnosis of type 2 diabetes
against standard diagnostic criteria; three trials used WHO 1980
criteria ((Bennett 1991) Bastyr 2000; Z012 1997; Z014 1997),
one used the ADA 1997 criteria (Altuntas 2003), and one trial used
the criteria of the Japanese Diabetes Association (NCT01650129).
Rayman 2007 included participants who had a type 2 diabetes
diagnosis documented in their medical record. The other trials
provided no information regarding their diagnostic criteria (Dailey
2004; Hermann 2013; Pfützner 2013; Ross 2001).

Interventions

All trials tried to apply a comparable insulin regimen through-
out the investigation period, but usually insulin therapy was left
somewhat flexible, with the aim to reach optimum glycaemic con-
trol. Ninety percent of the trials defined postprandial blood glu-
cose targets (Altuntas 2003; Bastyr 2000; Dailey 2004; Hermann

2013; Pfützner 2013; Rayman 2007; Ross 2001; Z012 1997;
Z014 1997). Trials set targets of less than 135 mg/dL, or less than
180 mg/dL. Sixty percent of the trials also specified preprandial
glucose targets: three trials aimed for fasting blood glucose levels
of less than 140 mg/dL (Bastyr 2000; Z012 1997; Z014 1997),
Hermann 2013 aimed for less than 100 mg/dL, and Dailey 2004
and Rayman 2007 sought a preprandial target range between 90
mg/dL and 120 mg/dL.
In NCT01650129, participants took either biphasic insulin aspart
50 or biphasic human insulin 50/50 twice a day (before breakfast
and dinner). In Ross 2001 and Dailey 2004, the insulin analogue
plus NPH insulin, or regular human insulin plus NPH insulin was
taken before breakfast and dinner. Dailey 2004 allowed additional
doses of analogue or human regular insulin before meals, if neces-
sary. In all other trials, short-acting insulin was taken before each
meal. Participants taking regular human insulin were instructed to
take the insulin 30 to 40 minutes before the meal, whereas insulin
analogues could be taken directly before eating. Most participants
took an additional slower-acting insulin once or twice a day. In
most trials, NPH insulin was used as the basal insulin. One trial
used ultralente (Z012 1997), another allowed either NPH or ul-
tralente (Bastyr 2000), one used detemir (Hermann 2013), and
one used insulin glargine (Pfützner 2013).
Three trials did not allow additional oral antidiabetic drugs (OADs
(Bastyr 2000; Z012 1997; Z014 1997)). Hermann 2013 only
included participants who had been using OADs for at least the
last six months, but switched to short-acting insulin as part of the
trial. Two trials permitted a stable dose of OADs (Dailey 2004;
Rayman 2007). The other four trials provided no information on
the use of OADs (Altuntas 2003; NCT01650129; Pfützner 2013;
Ross 2001).

Outcomes

Four trials clearly defined a primary study endpoint (Dailey 2004;
NCT01650129; Pfützner 2013; Rayman 2007). Two trials used
the change in HbA1c throughout the trial duration (Dailey 2004;
Rayman 2007), one used the change in nitrotyrosine (Pfützner
2013). NCT01650129 defined two primary endpoints: the num-
ber of adverse events during the trial, and the change in HbA1c
throughout the trial. Information on primary endpoints was in-
consistent in three trials (Bastyr 2000; Z012 1997; Z014 1997),
The original study reports referred to postprandial blood glucose
levels as the primary efficacy variable, while the study protocol
referred to postprandial glucose excursions and hypoglycaemia
episodes in relation to glycaemic control, and metabolic control
as the primary efficacy variables. The power analysis was based
on the preprandial blood glucose, HbA1c, and hypoglycaemia.
The remaining trials did not specify a primary study endpoint.
NCT01650129 and Pfützner 2013 explicitly defined secondary
outcomes.
For a summary of all outcomes assessed in each trial, see Appendix
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7. For definitions of outcome measures see Appendix 9 and
Appendix 10. For adverse events see Appendix 11 and Appendix
12.

Excluded studies

Overall, we excluded 38 trials upon further scrutiny of the full-
text reports. We have given the reasons for excluding trials in the
’Characteristics of excluded studies’ table. The main reasons for

exclusion were that participants did not have type 2 diabetes and
the follow-up duration too short.

Risk of bias in included studies

For details on risk of bias of included studies see the ’Characteristics
of included studies’ table.
For an overview of review authors’ judgments about each risk of
bias item for individual trials and across all trials see Figure 2 and
Figure 3.

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as

percentages across all included trials (note that not all trials measured all outcomes)
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study (note that not all trials measured all outcomes)

We investigated performance bias, detection bias, and attrition
bias separately for each outcome measure.

Allocation

We considered the random sequence generation and allocation
concealment as adequate in five trials (Bastyr 2000; Dailey 2004;
Rayman 2007; Z012 1997; Z014 1997). The other trials did not
provide sufficient information on their methods.

Blinding

All trials were open-label designs. The open-label design was com-
monly chosen because according to prescribing information, reg-
ular human insulin should be injected 30 to 45 minutes before
meals, while short-acting insulin analogues can be injected imme-
diately before a meal. An open-label study design, especially with

no blinded outcome assessment and poor or unclear concealment
of allocation, carries an increased risk of bias.
None of the trials provided explicit information on a blinded out-
come assessment. Where measured, all except HbA1c, were pa-
tient-reported, investigator assessed, or both. For five trials, as-
sessment of HbA1s was conducted in central laboratories (Bastyr
2000; Dailey 2004; Rayman 2007; Z012 1997; Z014 1997).
Therefore, we assumed a blinded outcome assessment, and con-
sidered these trials to carry a low risk of detection bias for this
outcome measure. None of the other trials provided information
on HbA1c assessment, so we assumed an unclear risk of bias.
We assumed a low risk of bias for the outcome all-cause mortality
(Bastyr 2000; Dailey 2004; NCT01650129; Rayman 2007; Z012
1997; Z014 1997).
Because of the open-label design, and because they were patient-
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reported, investigator assessed, or both, we judged the outcomes
severe hypoglycaemia and adverse events to carry a high risk of
bias, when they were reported.
Because of the open-label design, we judged the outcome health-
related quality of life as having a high risk of bias for Bastyr 2000
and Ross 2001.
None of the included trials reported on macrovascular or microvas-
cular complications.

Incomplete outcome data

The proportion of participants lost to follow-up ranged from 0%
(Altuntas 2003; Hermann 2013; Pfützner 2013), to 16% (Bastyr
2000). The trials either did not report the method used for im-
puting missing data, or reported a method that was not in keeping
with current recommended practice, such as multiple imputation.

All-cause mortality

We judged attrition bias as low for five trials (Dailey 2004;
NCT01650129; Rayman 2007; Z012 1997; Z014 1997). For the
other five trials, the risk remained unclear, because either the out-
come was not reported or insufficient information was available.

Microvascular and macrovascular complications

None of the included trials reported on these outcomes.

Severe hypoglycaemic episodes

We judged attrition bias as low for five trials (Dailey 2004;
NCT01650129; Rayman 2007; Z012 1997; Z014 1997). For the
other five trials, the risk remained unclear, because either the out-
come was not reported or insufficient information was available.

HbA1c

We judged attrition bias as low for nine of the ten trials. For Bastyr
2000, the risk remained unclear because insufficient information
on the number of analysed participants was available.

Adverse events other than severe hypoglycaemic episodes

We judged attrition bias as low for seven trials. For three trials,
the risk remained unclear, because either the outcome was not
reported or insufficient information on the number of analysed
participants was available (Altuntas 2003; Bastyr 2000; Pfützner
2013).

Health-related quality of life

We judged attrition bias as high for Bastyr 2000 and Ross 2001.
None of the other trials reported this outcome.

Socioeconomic effects

None of the included trials reported on these outcomes.

Selective reporting

Since some study protocols were not available, it was generally dif-
ficult to judge risk of bias due to selective reporting. However, for
most of the trials, we found outcomes mentioned in the abstract,
methods section, or other documents related to the trial not suf-
ficiently reported in the results section. Therefore, we judged all
trials as having an unclear or high risk of bias regarding selective
reporting. Risk of reporting bias was high in five trials (Altuntas
2003; Bastyr 2000; Dailey 2004; Z012 1997; Z014 1997).

Other potential sources of bias

Regarding other sources of bias, we considered the lack of defini-
tion of a primary outcome and the inconsistent or clearly erroneous
presentation of data as a potential risk. Six trials did not clearly
define a primary outcome (Altuntas 2003; Bastyr 2000; Hermann
2013; Ross 2001; Z012 1997; Z014 1997). In three trials the pre-
sentation of data contained substantial errors or inconsistencies,
so we judged these three trials to have a high risk of bias in this
category (Altuntas 2003; Bastyr 2000; Rayman 2007). Pfützner
2013 was a pilot project with very few participants, which was
only published as a poster and conference abstract. For Z012 1997
and Z014 1997, only results for pooled analyses were available
from the original publication (Anderson 1997). The authors did
not inform readers that these were results from pooled analyses.
Therefore, we judged these three trials as also having a high risk
of bias.

Effects of interventions

See: Summary of findings for the main comparison Short-acting
insulin analogues compared to regular human insulin for adults
with type 2 diabetes mellitus

Baseline characteristics

For details on baseline characteristics, see Appendix 5 and
Appendix 6.

Primary outcomes

All-cause mortality

None of the included trials defined all-cause mortality as a primary
outcome, but information on the number of participants who
died during the trial was available for all but two trials (Altuntas
2003; Ross 2001). In Hermann 2013 and Pfützner 2013, the
number of deaths was not explicitly reported, but we assumed it
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was zero, based on the presentation of the results (see Appendix 8).
Overall, events were rare; across trials, there were five deaths out
of 1272 participants in the insulin analogues groups (0.4%) and
three deaths out of 1247 participants in the regular human insulin
groups (0.2%), Peto odds ratio (POR) 1.66 (95% confidence in-
terval (CI) 0.47 to 6.64); P = 0.48; 3 trials, 2519 participants;
Analysis 1.1; moderate-certainty evidence.
There was no clear difference between the different types of insulin
(Analysis 1.2).

Microvascular and macrovascular complications

None of the included trials reported on microvascular or macrovas-
cular complications.

Severe hypoglycaemic episodes

Six trials reported severe hypoglycaemic episodes. Although three
trials had explicitly defined severe hypoglycaemic episodes as either
a primary or secondary outcome (Dailey 2004; Rayman 2007;
Ross 2001), only two of these trials (Dailey 2004; Rayman 2007)
reported results accordingly. Four other trials reported on severe
hypoglycaemic events as part of their safety data (Bastyr 2000;
NCT01650129; Z012 1997; Z014 1997). The reporting of se-
vere hypoglycaemia across trials was diverse. Authors reported the
overall number of participants with severe hypoglycaemic episodes
in two trials (Dailey 2004; Rayman 2007). In three trials, informa-
tion on severe hypoglycaemia was only available for participants
who experienced coma, were treated with intravenous glucose, or
were given glucagon separately (Bastyr 2000; Z012 1997; Z014
1997). In Dailey 2004, the number of participants with severe hy-
poglycaemic episodes was reported for the last two months of the
trial only. The definition of severe hypoglycaemia differed some-
what between trials, but was mostly associated with the necessity
of third party help, intravenous glucose infusions, glucagon ad-
ministration, recovery after oral carbohydrate intake, or the oc-
currence of coma.
Overall, the incidence of severe hypoglycaemic events was low, and
no trial showed a clear difference between the two treatment arms.

In the three insulin lispro trials, coma occurred in two of the 327
participants in the intervention groups (0.6%) and in five of the
333 participants in the control groups (1.5% (Bastyr 2000; Z012
1997; Z014 1997)). Four participants needed intravenous glucose,
and one participant in each of the intervention and control groups
needed glucagon. In Rayman 2007, six of 448 glulisine-treated
participants and 14 of 442 participants taking regular human in-
sulin experienced a severe hypoglycaemic episode. In Dailey 2004,
six of 435 glulisine-treated participants and five of the 441 par-
ticipants in the control group experienced severe hypoglycaemia
during the last two months of follow-up. In NCT01650129, two
out of 58 aspart-treated participants and one of 25 participants
taking regular human insulin experienced severe hypoglycaemic
episodes.
Because of the diverse reporting of severe hypoglycaemic episodes
and the small number of events, we did not conduct a meta-anal-
ysis. Overall, there was no clear difference between the number of
severe hypoglycaemic episodes experienced by those taking short-
acting insulin analogues and those taking regular human insulin
(low-certainty evidence).

Secondary outcomes

Glycaemic control (HbA1c)

One trial had to be excluded from the analyses of HbA1c, since
the treatment groups were inconsistently labelled in different ta-
bles, we were unable to attribute the reported HbA1c results to
the appropriate treatment arm (Altuntas 2003). Dailey 2004 and
Pfützner 2013 did not report a standard deviation (SD) for the
mean HbA1 at endpoint, so we used the baseline SD in the treat-
ment groups instead.
The mean difference (MD) in the change of HbA1c between short-
acting insulin analogue and regular human insulin was -0.03%
(95% CI -0.16 to 0.09); P = 0.60; 9 trials, 2608 participants;
Analysis 1.3; low-certainty evidence. The 95% prediction interval
ranged between -0.31% and 0.25%. There was no clear difference
between the different types of insulin (Analysis 1.4; Figure 4).
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Figure 4. Forest plot of comparison: Short-acting insulin analogues versus regular human insulin (RHI);

outcome 1.4. HbA1c changes for different types of insulin (%)

Adverse events other than sever hypoglycaemic episodes

All non-severe hypoglycaemic episodes

All but one trial reported on overall hypoglycaemic events
(Pfützner 2013). Hypoglycaemic events were usually defined as
the participant experiencing symptoms typically associated with
hypoglycaemia. In four of the trials, hypoglycaemic events could
also be counted if blood glucose measured below a certain value
(Altuntas 2003; Bastyr 2000; Z012 1997; Z014 1997). This value
varied between 36 mg/dL and 63 mg/dL (2.0 mmol/mL and 3.5
mmol/mL) across trials. The authors did not define hypoglycaemic
episodes in Hermann 2013.
We excluded two trials from the meta-analysis because the unit of
measurement was unclear, or was defined in a way that did not
allow the results to be pooled (Altuntas 2003; Hermann 2013).
Altuntas 2003 reported an increase in the overall hypoglycaemia
rate in the lispro group compared to the regular human insulin

group (0.57% versus 0.009%). However, the units to which the
reported numbers referred were unclear. Hermann 2013 reported
that five of 18 participants treated with insulin aspart experienced
up to three hypoglycaemic episodes per year compared to three of
11 participants treated with regular human insulin.
For the remaining seven trials, we summarised results provided
as mean episodes per participant per month. NCT01650129 re-
ported the mean rate of hypoglycaemic episodes, but did not pro-
vide a measure of variance. Therefore, we imputed the SD from
the mean SD of all other included trials (sensitivity analyses using
the minimum and maximum SDs from other trials resulted in
similar results; data not shown).
The MD of the overall mean hypoglycaemic episodes per partic-
ipant per month was 0.08 episode (95% CI -0.00 to 0.16); P =
0.05; 7 trials, 2667 participants; Analysis 1.5; very low-certainty
evidence. The 95% prediction interval ranged between -0.03 and
0.19. There was no clear difference between the different types of
insulin (Analysis 1.6; Figure 5).
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Figure 5. Forest plot of comparison: Short-acting insulin analogues versus regular human insulin (RHI);

outcome 1.6. All non-severe hypoglycaemic episodes (mean episode/participant/month) for different types of

insulin

Overall, none of the trials assessed hypoglycaemia in a blinded
manner. The reporting of symptoms and the decision to carry out
a blood glucose measurement are highly subjective, therefore, the
results are at a high risk of bias and should be interpreted with
caution.

Nocturnal hypoglycaemia

Four trials measured nocturnal hypoglycaemic episodes (Bastyr
2000; Dailey 2004; Rayman 2007; Ross 2001). Nocturnal hypo-
glycaemic episodes were either defined as those occurring between
midnight and 6:00 am (Bastyr 2000; Ross 2001), or more gen-
erally, as events occurring at night or during sleep (Dailey 2004;
Rayman 2007). Trial authors reported results using different units
(such as number of participants with more than one episode per
year, number of participants with at least one episode during the
whole study period or just the last two months, number of episodes
per participant per month, or number of episodes per participant
per year), which made a meta-analysis not feasible. Apart from
Rayman 2007, who distinguished between overall and severe noc-
turnal hypoglycaemic episodes, no information was provided re-
garding the severity of recorded events.
Bastyr 2000 reported on nocturnal hypoglycaemic events, even
though the original study report did not mention this outcome;
therefore, we assumed that it was a retrospective analysis of the data
(IQWIG 2005). There was no clear difference between groups
in the number of participants without any events; no statistics
were reported for the comparison of participants with one event

(lispro 10.4% and regular human insulin 13.7%), or more than
one event (lispro 9.3% and regular human insulin 8.2%). Ross
2001 reported 0.08 nocturnal episodes per participant per 30 days
for the lispro group versus 0.16 for the regular human insulin
group (P = 0.057). The two trials on glulisine reported the number
of participants with at least one nocturnal hypoglycaemic episode
(Dailey 2004; Rayman 2007). While Dailey 2004 found no clear
difference in overall nocturnal hypoglycaemic episodes between
the two groups, Rayman 2007 found a higher number of partic-
ipants who were taking regular human insulin who reported at
least one episode of symptomatic nocturnal hypoglycaemia com-
pared to those taking insulin analogues; there was no clear differ-
ence between groups for severe events. However, Rayman 2007
reported hypoglycaemia results based on the last two trial months
only. In the original study report, results for nocturnal hypogly-
caemic episodes were presented for the full study period; these
results were very similar between groups (symptomatic hypogly-
caemia: 95 participants (21.2%) in the intervention group versus
100 participants (22.6%) in the control group with at least one
episode; severe hypoglycaemia: three participants (0.7%) in the
intervention group versus five participants (1.1%) in the control
group with at least one episode).

Weight gain

All but one trial provided some data on weight gain in the two
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treatment groups (Pfützner 2013). However, in Altuntas 2003,
there were discrepancies in the reporting of the results, so it was not
clear which results belonged to which treatment arm. Hermann
2013 only presented results on the change of BMI, and reported
no clear differences between treatment groups. NCT01650129
only stated that no treatment differences were observed, without
reporting the results in detail. For the remaining trials, participants
gained, on average, between 2 kg and 5 kg over the trial period.
The amount of weight gain was similar for both groups in all trials.
Since only three trials provided measures of variance of the weight
gain, and trial durations differed, we decided not to pool results
in a meta-analysis (Bastyr 2000; Z012 1997; Z014 1997).

Other adverse events

Most trials provided at least some information on adverse events.
The majority of adverse events were mild, and the frequency and
type of events was generally similar for the two treatment groups.
The attrition rate because of adverse events varied between 0%
and 4%, and was comparable between the two treatment arms in
all trials. Ross 2001 reported the attrition rate because of adverse
events for the overall trial sample only.
Four trials reported hyperglycaemic events (symptomatic or severe)
as part of the safety data, which occurred only rarely (range across
trials: 0% to 1.6% of participants with at least one event (Bastyr
2000; Rayman 2007; Z012 1997; Z014 1997)). Two trials mea-
sured events of ketoacidosis (Bastyr 2000; Rayman 2007). Bastyr
2000 reported that one participant in the lispro group (0.5%)
experienced a ketoacidotic coma; in Rayman 2007, ketoacidosis
occurred in 0.2% of the participants in the glulisine group, but
there were no cases in the control group.
Finally, no clinically relevant differences were noted for vital signs,
physical parameters, results of electrocardiography, or clinical lab-
oratory findings. None of the trials provided information on car-
cinogenicity.

Health-related quality of life

Two trials assessed health-related quality of life, however, the re-
sults were generally unreliable (very low-certainty evidence (Bastyr
2000; Ross 2001)). In Bastyr 2000, it was reported that health-re-
lated quality of life was only assessed for a subgroup of participants
from the USA and Canada. However, the original study report
suggested that these data were also collected from participants in
France. Trial authors presented results without any quantitative
measures, they only reported that treatment groups showed no
significant differences in any domain of the health-related qual-
ity of life questionnaire. Ross 2001 only reported subgroup data
(69% of the overall population) on health-related quality of life
too, assessed with the Diabetes Quality of Life (DQOL) question-
naire, which was originally developed for the Diabetes Control
and Complications Trial (DCCT 1988). Trial authors provided

no information on how this subgroup was chosen. The results
showed a greater improvement on the diabetes-related worry sub-
scale, but no clear differences for any of the other three subscales,
or the overall score. The trial authors did not report any baseline
or other outcome data for this subgroup, which made it difficult
to relate these results to the results of the full trial population.
The two trials on glulisine collected data on treatment satisfac-
tion (Dailey 2004; Rayman 2007). For Dailey 2004, the US Fed-
eral Drug Administration (FDA) and European Medicines Agency
(EMA) drug approval documents stated that these data had been
collected, but the results have not been published. Rayman 2007
neither reported results in the original study report (according to
IQWIG 2005), nor in the journal publication. Treatment satisfac-
tion was assessed using the Diabetes Treatment Satisfaction Ques-
tionnaire (DTSQ). Data were only presented for 69% (611 par-
ticipants) of the trial population. Data were excluded for partici-
pants who participated in the trial for less than eight weeks, and
for participants from countries that used questionnaires that had
not been validated in their primary language. The DTSQ consists
of eight questions, six of which were used to calculate the over-
all treatment satisfaction score. The glulisine group showed better
improvement in the treatment satisfaction score than the control
group. No clear difference was seen for the other two questions
of the DTSQ. Results for the overall DTSQ score were based on
data from 548 participants; the other two questions collected data
from 528 and 531 participants. The exclusion of a large number
of participants and the inconsistent number of participants for the
different subgroup results, make it difficult to interpret the data.
For a description of the health-related quality of life instruments
used in these trials see Appendix 14.

Socioeconomic effects

None of the included trials reported socioeconomic effects.

Subgroup analyses

We had planned to carry out subgroup analyses for additional
anti-hyperglycaemic treatment, age, gender, different short-acting
insulin analogues, different methods of insulin application, du-
ration of disease, duration of follow-up, and hypoglycaemia un-
awareness.
In several trials, there was no or insufficient information on the
use of additional anti-hyperglycaemic treatment with OADs. We
requested further information from the trial authors, but most au-
thors did not reply. None of the included trials provided data on
subgroups according to age, gender, or hypoglycaemia unaware-
ness either. In all included trials, participants administered their
insulin in multiple daily injections. Therefore, we did not conduct
subgroup analyses for any of these variables.
A separate analysis of trials according to insulin type showed similar
effects, independent of the type of insulin analogues used, for all-
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cause mortality, HbA1c, and all hypoglycaemic episodes. However,
due to the low number of trials, these results should be interpreted
with caution.

Sensitivity analyses

Given the very low number of trials, there was not much room
for sensitivity analyses. Restricting the analysis to very long trials
was not possible, because the longest trial was 24 months; all other
trials had a treatment duration of 12 months or less, all trials were
published in English, and the funding was usually commercial or
not known. Using a fixed-effect model instead of a random-effects
models resulted in similar effect estimates for HbA1c and all non-
severe hypoglycaemic episodes (data not shown).

Assessment of reporting bias

We did not draw funnel plots due to limited number of trials per
outcome.

D I S C U S S I O N

Summary of main results

This Cochrane Review included data from 10 trials. Overall, there
was a lack of data on long-term clinical outcomes. We had de-
fined all-cause mortality, microvascular and macrovascular compli-
cations, and severe hypoglycaemic episodes as primary outcomes.
Most trials reported all-cause-mortality, or provided data from
which we were able to deduce numbers. There was no clear dif-
ference between the intervention and control groups. None of the
included trials reported results on any microvascular or macrovas-
cular complications. Six trials reported on severe hypoglycaemic
episodes. However, since the incidence of severe hypoglycaemic
episodes was low and reporting of data was diverse across trials, it
was not feasible to carry out a meta-analysis. Overall, the incidence
of severe hypoglycaemia was similar for participants using short-
acting insulin analogues or regular human insulin in all trials.
Our analysis on the secondary outcomes of HbA1c and all non-
severe hypoglycaemic episodes found no clinically relevant differ-
ences between the use of short-acting insulin analogues or regular
human insulin. Health-related quality of life or treatment satisfac-
tion was mentioned in four trials, but we considered the results as
unreliable. None of the included trials reported on socioeconomic
effects.

Overall completeness and applicability of
evidence

In contrast to the previous review, this update was restricted to
trials with a follow-up duration of at least 24 weeks. This restric-
tion was introduced to better focus on the effects of insulin ana-
logues on patient-relevant outcomes. In order to come to conclu-
sions on long-term outcomes, such as mortality or microvascular
or macrovascular complications of diabetes, trials with a follow-
up duration of several years would be required. The longest trials
we found in our systematic search had a follow-up duration of 24
months. None of the included trials investigated the effects of in-
sulin analogues on microvascular or macrovascular complications.
For a reliable assessment of metabolic control, trials should also
be long enough to obtain a valid measure that can be interpreted
in relation to the occurrence of hypoglycaemic events. However,
by excluding trials with short follow-up durations, the number
of trials that we included in this review was low, so for many
outcomes, we could not draw any firm conclusions. The inclusion
of observational trials would have potentially been more fruitful
in this case, but at the cost of relying on data with high risk of
bias.
Data were insufficient for costs of treatment, health-related quality
of life, and many adverse events, such as potential carcinogenic
effects. The results presented in these trials did not allow us to
investigate whether effects were different for various subgroups.
The populations included in the clinical trials in this review were
likely healthier and more motivated than what might be expected
in clinical practice, since most trials had defined exclusion crite-
ria, such as microvascular complications, lack of glycaemic con-
trol, or compliance with treatment. The trials were all conducted
in Europe, Northern America, or Asia, and the majority of the
trials provided no information on the ethnic groups included, so
we could not judge whether they were representative of the pop-
ulations of the countries included. The trial populations seemed
within the range of normal clinical practice in terms of age, gen-
der, and diabetes duration. The average age ranged from 55 to
60 years, disease duration from 8 to 14 years, the proportion of
female participants from 35% to 60%, and the baseline HbA1c
from 7.5% to 10.6%. The BMI ranged from 23 kg/m² to 35 kg/
m², but in all trials but NCT01650129, the mean BMI was above
27 kg/m², indicating obesity.
Heterogeneity might have been introduced by combining trials
that used different insulin analogues and variations in the num-
ber and times of insulin administration per day. One trial used
a premixed insulin regime (NCT01650129). Trials also differed
in allowing oral glucose-lowering medication. Seven RCTs did
not allow additional oral antidiabetic medication during the trial,
while in the remaining three trials patients were allowed to con-
tinue the oral glucose-lowering medication taken at the time of
randomisation. This comprised all medications (Dailey 2004), all
medications except glinides or glitazones (Rayman 2007), or was
restricted to metformin (Pfützner 2013).
Overall, our results are based on trials identified through an exten-
sive and systematic literature search, including articles in all lan-
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guages. We also searched trials registers to find potentially relevant
but not yet published trials.

Quality of the evidence

We considered the certainty of the evidence to be low or very low
for most outcome measures analysed in this review (see Summary
of findings for the main comparison). For all-cause mortality, we
considered the certainty of the evidence to be moderate, but events
were rare in both groups. Severe hypoglycaemic episodes were as-
sessed in diverse ways across trials, which did not allow us to carry
out a meta-analysis. In several of the included trials, the need for
assistance of another person was sufficient to fulfil the definition
of a serious hypoglycaemic episode. Such a definition is highly sus-
ceptible to bias, especially in open-label trials. More robust defini-
tions, such as ’injection of glucose or glucagon by another person’
may have resulted in more reliable data (Muehlhauser 1998). The
risk of bias was likely higher for overall non-severe hypoglycaemic
episodes, which in all of the trials were at least partially defined by
symptoms potentially associated with hypoglycaemia, and there-
fore highly subjective.
For all included trials, there remained questions regarding infor-
mation on the trial design, or incomplete or unclear data presen-
tation. We asked all trial authors to clarify these questions, but
received only one response. Due to this lack of information, we
excluded some data from analysis, and we might not have judged
the risk of bias appropriately.
Finally, we could not rule out sponsorship bias, since all but two
trials (for which the funding source was unclear) were at least
partially sponsored by industry.

Potential biases in the review process

Because the number of included trials was small, any pooled effect
estimate should be interpreted with caution. Due to this lack of
data, there was not much room for sensitivity analyses. However,
the results across trials were similar, and in general, our results
are in agreement with previous meta-analyses (Rys 2011; Singh
2009).
For glycaemic control, we only investigated HbA1c and hypo-
glycaemic episodes as outcomes. Several trials investigated multi-
point daily blood glucose profiles, and found that short-acting in-
sulin analogues were associated with superior postprandial blood
glucose values compared to regular human insulin (Altuntas 2003;
Dailey 2004; NCT01650129; Rayman 2007; Ross 2001). The
extent to which postprandial blood glucose is an independent risk
factor for macrovascular complications that can provide predictive
information beyond what is already contained in HbA1c is still
a matter of debate (Cavalot 2006; Parkin 2002; Shiraiwa 2005;
Standl 2011). HbA1c is known to be the better surrogate measure
for long-term complications (ADA 2018).

In this review, we only compared short-acting insulin analogues
with regular human insulin, requiring that all other diabetic med-
ication was the same in both treatment groups. Therefore, we ex-
cluded trials that for example, compared a short-acting insulin plus
a long-acting insulin analogue with regular human insulin plus
NPH, so we could single out the effects due to the use of short-act-
ing insulin analogues alone. It is possible that there are interaction
effects between short-acting and long-acting insulin types, so that
for example, the benefits of short-acting insulin analogues could
only be seen if used in combination with a long-acting insulin ana-
logue. This question is not the topic of this review. However, for
completeness, we do want to mention that there is evidence that
short-acting insulin analogues combined with long-acting insulin
analogues can provide advantages over regular insulin combined
with NPH (Hermansen 2009; Home 2012). For type 1 diabetes,
these trials have shown a reduction in HbA1c and hypoglycaemia
in the combined analogue approach compared to the combined
human insulin approach (Ashwell 2006; Hermansen 2004). For
type 2 diabetes, the combined insulin analogue treatment resulted
in a lower rate of nocturnal hypoglycaemia (Raslova 2004). For
those trials, it remains a challenge to conclude to what extent
the observed effects are due to the use of both analogue insulins
together, rather than the use of the long-acting insulin analogue
alone.
Finally, it should be noted that the majority of participants in this
review used NPH as basal insulin. Therefore, little can be said
about whether observed effects would be the same if a long-acting
insulin analogue was used instead.

Agreements and disagreements with other
studies or reviews

In our review, we found no clear differences in HbA1c changes be-
tween people being treated with short-acting insulin analogues or
regular human insulin. This result is consistent with other meta-
analyses (Banerjee 2007; IQWIG 2005; Rys 2011; Singh 2009).
However, the meta-analysis by Mannucci 2009 found slightly
lower HbA1c levels in participants treated with short-acting in-
sulin analogues. Another review that compared biphasic insulin
aspart to biphasic human insulin found no clear difference in
HbA1c levels between the two treatments (Davidson 2009). This
review reported a lower risk of nocturnal or major hypoglycaemia
for the biphasic insulin aspart, but an increased risk for daytime
hypoglycaemia compared to biphasic human insulin. The major-
ity of reviews did not find a clear difference in the risk of experi-
encing hypoglycaemia between participants who took short-acting
insulin analogues and those who took regular human insulin re-
garding (Banerjee 2007; Mannucci 2009; Rys 2011). Singh 2009
concluded that the evidence was inconsistent.
We agree with other reviews that health-related quality of life was
rarely investigated, and frequently only reported on subsamples,
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which made it difficult to draw any conclusions (Banerjee 2007;
Rys 2011; Singh 2009).
As we found no RCTs comparing the costs of treatment with short-
acting insulin analogues or regular human insulin, we have no con-
clusions on the issue of cost-effectiveness. In the political debate
about the use of insulin analogues, their higher cost, while provid-
ing only a small improvement in glycaemic control, is one of the
main arguments against the wide-spread use of insulin analogues
(Davidson 2014). Grunberger 2014 points out the complexity of
assessing cost-effectiveness of this issue, especially if one considers
that insulin prices are highly dependent on the healthcare system,
and vary immensely over time, and across different countries.
Overall, there is also a lack of observational studies reporting
on the long-term benefits and harms of short-term insulin ana-
logues. Rathmann 2014 investigated the risk of microvascular or
macrovascular complications, based on the medical records of peo-
ple with type 2 diabetes, treated in general practice. A compar-
ison of participants who had been treated with short-acting in-
sulin analogues for at least three years with those who had been
treated with regular human insulin, showed no clear difference
in the risk of microvascular and macrovascular complications. In
trials of the effects of insulin analogues on cancer, the trial authors
usually did not distinguish between long-acting and short-acting
insulin analogues. While for some long-acting insulin analogues,
the literature presents inconsistent results on the risk of cancer,
to date, there are no trials suggesting an increased risk of cancer
associated with the use of short-acting insulin analogues (Sciacca
2012; Smith 2009).

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

The current evidence from clinical trials suggests neither clear ben-
efits nor clear harms from the use of short-acting insulin analogues
over regular human insulin.

Based on the most recent position statement of the American Di-
abetes Association, a patient-centred approach that incorporates a

patient’s age, life style, preferences, hypoglycaemia risk, cardiovas-
cular risk, and other factors is preferred over prescriptive recom-
mendations. Patients and doctors should look at the advantages
and disadvantages of different medication regimes, and choose a
cost-effective treatment, given the individual requirements of the
patient (ADA 2018).

Implications for research

In general, high-certainty evidence that compares the effects of the
various regimens in different patient groups is needed to provide
better evidence-based guidance for healthcare providers.

For safety purposes, we need trials with long-term follow-up on
a large number of people who use short-acting insulin analogues.
Due to fears of potentially carcinogenic and proliferative effects,
most trials to date have excluded participants with advanced dia-
betic complications. The current trials with a maximum follow-up
of 24 months do not allow us to draw conclusions on long-term
clinical effects of short-acting insulin analogues. For an economic
analysis, cost data should be collected in future RCTs.

Future research will have to take into account new, even faster-
acting insulins, which are currently being developed and tested
(Heise 2014; Kaye 2013; Krasner 2012). In addition, the meth-
ods of insulin application will likely become more variable in the
future. More people are already using different types of insulin
pumps, and new research shows that modulation of the injec-
tion site or other needle-free applications can have effects on the
pharmacokinetic and pharmacodynamic profiles of short-acting
insulins (Engwerda 2011; Landau 2014; Pfützner 2014).
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Altuntas 2003

Methods Parallel randomised controlled clinical trial, randomisation ratio 1:1:1

Participants Inclusion criteria: type 2 diabetes, secondary OAD failure (defined as initial stabilization
of BG control for at least 6 months followed by lack of control with max. sulphonylurea
dose and full compliance regarding diet)
Exclusion criteria: not reported
Diagnostic criteria: ADA 1997

Interventions Number of study centres: not reported
Treatment before study: OADs
Titration period: 6-month treatment period

Outcomes Outcomes reported in abstract of publication: HbA1c levels, plasma glucose levels
(10-day profile), triglyceride levels, hypoglycaemic episodes

Study details Run-in period: not reported
Study terminated early: no
Trial register ID: not reported

Publication details Language of publication: English
Funding: not reported
Publication status: full article in a peer review journal

Study aim for study Quote from publication: “The aim was to assess the effects of three different insulin
regimes (group 1: lispro insulin + NPH insulin, group 2: lispro insulin + metformin,
and group 3: regular insulin + NPH insulin) on overall glycaemic control and metabolic
parameters in type 2 diabetic patients with secondary oral anti-diabetic drug failure”

Notes HbA1c was not shown because of inconsistent baseline HbA1c data
Group 2 was not included in our systematic review because a different therapy regiment
(insulin lispro + metformin) was used in this group, which did not fulfil our inclusion
criteria

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote from publication: “Patients were
randomly assigned to three different
groups”
Comment: not enough details

Allocation concealment (selection bias) Unclear risk Comment: not reported
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Altuntas 2003 (Continued)

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from publication: “open-label”
Comment: investigator-reported outcome
measurement

Blinding of participants and personnel
(performance bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement

Blinding of outcome assessment (detection
bias)
HbA1c

Unclear risk Quote from publication: “open-label”
Comment: investigator-reported outcome
measurement

Blinding of outcome assessment (detection
bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement

Incomplete outcome data (attrition bias)
HbA1c

Low risk Comment: all participants completed the
6-month trial period

Incomplete outcome data (attrition bias)
Adverse events

Unclear risk Comment: number of analysed partici-
pants unclear

Selective reporting (reporting bias) High risk Comment: outcome reporting bias for all
hypoglycaemic episodes according to OR-
BIT (see Appendix 8)

Other bias High risk Comment: inconsistencies regarding re-
ported outcomes in publication, no defini-
tion of primary outcome, no sample size
calculation

Bastyr 2000

Methods Parallel randomised controlled clinical trial, randomisation ratio 1:1

Participants Inclusion criteria: type 2 diabetes, insulin treatment < 2 months before study entry; age
35 to 85 years
Exclusion criteria: insulin pump therapy¹
Diagnostic criteria: WHO 1980¹

Interventions Number of study centres: 48
Treatment before study: insulin treatment < 2 months before study entry
Titration period: 12 months

Outcomes Outcomes reported in abstract of publication: HRQoL, hypoglycaemia rate, nocturnal
hypoglycaemia, short- and long-term glucose control
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Bastyr 2000 (Continued)

Study details Run-in period: not reported
Study terminated early: no
Trial register ID: not reported

Publication details Language of publication: English
Funding: commercial (Eli Lilly)
Publication status: Full article in a peer review journal

Study aim for study Quote from publication: “To identify factors associated with nocturnal hypoglycaemia
in patients with type 2 diabetes who were new (< 2 months therapy) to insulin therapy”

Notes ¹From IQWIG 2005

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote from IQWiG report: “computer
generated sequence generation”
Comment: adequate, based on descrip-
tion in original study report (from IQWIG
2005)

Allocation concealment (selection bias) Low risk Quote from IQWiG report: “allocation by
central study centre”
Comment: adequate, based on informa-
tion in IQWIG 2005

Blinding of participants and personnel
(performance bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely in-
fluenced by lack of blinding

Blinding of participants and personnel
(performance bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from publication: “open-label”

Blinding of participants and personnel
(performance bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of participants and personnel
(performance bias)
Health-related quality of life

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding
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Bastyr 2000 (Continued)

Blinding of outcome assessment (detection
bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely in-
fluenced by lack of blinding

Blinding of outcome assessment (detection
bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
HbA1c

Low risk Quote from IQWIG 2005: “adequate be-
cause HbA1c was analysed centrally”

Blinding of outcome assessment (detection
bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
Health-related quality of life

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Incomplete outcome data (attrition bias)
All-cause mortality

Unclear risk Comment: reason for missing data related
to outcome unclear. Similar reasons for
missing data across interventions groups
unclear. Appropriateness of method used
for imputation of missing data unclear

Incomplete outcome data (attrition bias)
Severe hypoglycaemia

Unclear risk Comment: 2% and 3% of participants
not included in analysis. Reason for miss-
ing data related to outcome unclear. Sim-
ilar reasons for missing data across inter-
ventions groups unclear. Appropriateness
of method used for imputation of missing
data unclear

Incomplete outcome data (attrition bias)
HbA1c

Unclear risk Comment: reason for missing data related
to outcome unclear. Similar reasons for
missing data across interventions groups
unclear. Appropriateness of method used
for imputation of missing data unclear

Incomplete outcome data (attrition bias)
Adverse events

Unclear risk Comment: reason for missing data related
to outcome unclear. Similar reasons for
missing data across interventions groups
unclear. Appropriateness of method used
for imputation of missing data unclear

Incomplete outcome data (attrition bias)
Health-related quality of life

High risk Comment: inconsistent information on
participants included in analyses (either
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Bastyr 2000 (Continued)

53% or 79%). Reason for missing data re-
lated to outcome unclear. Similar reasons
for missing data across interventions groups
unclear. Appropriateness of method used
for imputation of missing data unclear

Selective reporting (reporting bias) High risk Comment: nocturnal hypoglycaemia was
not mentioned in original study report
in IQWIG 2005 -> post-hoc analysis in
Bastyr 2000. Inconsitent information on
outcomes in Bastyr 2000 and study report
(IQWIG 2005)

Other bias High risk Comment: primary outcome not clear, in-
consistent information regarding number
of trial participants and dropouts

Dailey 2004

Methods Parallel randomised controlled trial, randomisation ratio 1:1 (stratified according

to OAD use), non-inferiority design (2-sided CI, upper 95% CI limit ≤ 0.4%

(HbA1c))

Participants Inclusion criteria: participants with T2DM, age ≥ 18 years, insulin therapy for ≥ 6
months at beginning of study, HbA1c between 6.0 and 11.0%
Exclusion criteria: not reported
Diagnostic criteria: not reported

Interventions Number of study centres: multicentre
Treatment before study: at least 6 months of insulin therapy, with or without OADs
Titration period: 26 weeks

Outcomes Outcomes reported in abstract of publication: HbA1c change; post-breakfast and
post-dinner glucose levels; overall, severe, and nocturnal hypoglycaemia; weight gain;
change in insulin dose

Study details Run-in period: 4 weeks
Study terminated early: no
Trial register ID: not reported

Publication details Language of publication: English
Funding: commercial (Aventis Pharma)
Publication status: full article in a peer reviewed journal

Study aim for study Quote from publication: “This study compared the effects of glulisine (Aventis Pharma)
and RHI (Eli Lilly) on HbA1c, self-monitored blood glucose profiles, hypoglycaemia,
and safety in patients with type 2 diabetes.”
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Dailey 2004 (Continued)

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote from publication: “Randomiza-
tion was stratified according to whether
subjects were treated with OADs at ran-
domisation”
Quote from IQWiG report: “computer-
generated sequence”
Comment: not clearly stated, but adequate
based on IQWIG 2005

Allocation concealment (selection bias) Low risk Quote from IQWiG report: “allocation
was done centrally”
Comment: not reported, but adequate
based on IQWIG 2005

Blinding of participants and personnel
(performance bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely in-
fluenced by lack of blinding

Blinding of participants and personnel
(performance bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from publication: “open-label”

Blinding of participants and personnel
(performance bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely to
be influenced by lack of blinding

Blinding of outcome assessment (detection
bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
HbA1c

Low risk Quote from publication: “open-label;
centrally measured”
Comment: outcome measure unlikely to
be influenced by lack of blinding
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Dailey 2004 (Continued)

Blinding of outcome assessment (detection
bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Incomplete outcome data (attrition bias)
All-cause mortality

Low risk Comment: proportion included in analy-
ses adequate. Missing data balanced across
intervention groups

Incomplete outcome data (attrition bias)
Severe hypoglycaemia

Low risk Comment: proportion included in analy-
ses adequate. Missing data balanced across
intervention groups

Incomplete outcome data (attrition bias)
HbA1c

Low risk Comment: proportion included in analy-
ses adequate. Missing data balanced across
intervention groups

Incomplete outcome data (attrition bias)
Adverse events

Low risk Comment: proportion included in analy-
ses adequate. Missing data balanced across
intervention groups

Selective reporting (reporting bias) High risk Comment: no study protocol available,
some reported variables not mentioned in
the methods section; according to FDA and
EMEA documents, quality of life was as-
sessed, but results have not been published

Other bias Low risk Comment: none detected

Hermann 2013

Methods Parallel randomised clinical trial, randomisation ratio 2:1

Participants Inclusion criteria: participants with T2DM, age: 18 to 75 years, OADs for at least 6
months (biguanides, sulphonylureas, glinides, α-glucosidase inhibitors), HbA1c > 7.0%
Exclusion criteria: not reported
Diagnostic criteria: not reported

Interventions Number of study centres: multicentre
Treatment before study: at least 6 months of treatment with OADs
Titration period: 6 months

Outcomes Outcomes reported in abstract of publication: adiponectin, HbA1c, fasting plasma
glucose, BMI, triglycerides, cholesterol levels

Study details Run-in period: not reported
Study terminated early: no
Trial register ID: not reported
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Hermann 2013 (Continued)

Publication details Language of publication: English
Funding: commercial (Novo Nordisk, Roche)
Publication status: full article in a peer reviewed journal

Study aim for study Quote from publication: ”The aim of the prospective multicenter study is to compare
the efficacy of insulin aspart analogue concerning metabolic and cardiovascular effects
in patients with type 2 diabetes mellitus in comparison with human regular insulin“

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote from publication: “Patients were
randomised into two groups”; “11 patients
were randomised into the regular human
insulin-group (RHI-group) and 18 patients
into the insulin aspart group (IA-group)”
Comment: not described sufficiently;
group sizes are quite different

Allocation concealment (selection bias) Unclear risk Comment: not reported

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from publication: “open-label”
Comment: investigator-reported outcome
measurement

Blinding of participants and personnel
(performance bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement, outcome
measure likely influenced by lack of blind-
ing

Blinding of outcome assessment (detection
bias)
HbA1c

Unclear risk Quote from publication: “open-label”
Comment: investigator-reported outcome
measurement

Blinding of outcome assessment (detection
bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement, outcome
measure likely influenced by lack of blind-
ing

Incomplete outcome data (attrition bias)
HbA1c

Low risk Comment: data from all participants in-
cluded
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Hermann 2013 (Continued)

Incomplete outcome data (attrition bias)
Adverse events

Low risk Comment: data from all participants in-
cluded

Selective reporting (reporting bias) Unclear risk Comment: no protocol available; not
enough information in publication to
judge; hypoglycaemic episodes were not de-
fined in the publication, but then were re-
ported in the results section as number of
participants who had up to 3 episodes per
year

Other bias Unclear risk Comment: no definition of primary out-
come

NCT01650129

Methods Parallel randomised controlled trial, randomisation ratio 2:1

Participants Inclusion criteria: age ≥ 20 years; diagnosed with T2DM; treated with insulin ≥ 24
weeks and on current treatment with premixed biphasic human insulin preparation
(rapid acting/intermediate acting (NPH) = 5:5) in a twice daily regimen (before breakfast
and dinner) ≥ 12 weeks; HbA1c ≤ 11.0 %; BMI < 30.0 kg/m²
Exclusion criteria: not reported
Diagnostic criteria: T2DM according to Japanese Diabetes Society classification

Interventions Number of study centres: 14
Treatment before study: treatment with insulin ≥ 24 weeks, treatment with premixed
biphasic human insulin preparation in twice daily regimen ≥ 12 weeks
Titration period: 24 weeks

Outcomes Outcomes reported in abstract of publication: adverse events; incidence of hypogly-
caemic episodes; insulin antibodies; HbA1c; blood glucose control parameters; safety
profile through laboratory tests (haematology and biochemistry)

Study details Run-in period: not reported
Study terminated early: no
Trial register ID: NCT01650129

Publication details Language of publication: English
Funding: commercial (Novo Nordisk)
Publication status: other (NovoNordisk Clinical Trial report BIAsp-1352)

Study aim for study Quote from publication: “Primary objective was to: Investigate the safety profile of
NN-X14Mix50 as measured by the occurrence of adverse events during 24 weeks of
treatment compared to BHI50”

Notes -
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NCT01650129 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote from publication: “A total of 75
subjects were planned to be randomised”
Comment: not enough details

Allocation concealment (selection bias) Unclear risk Comment: not reported

Blinding of participants and personnel
(performance bias)
All-cause mortality

Low risk Quote from study report: “open-labelled”
Comment: outcome measure unlikely to
be influenced by lack of blinding

Blinding of participants and personnel
(performance bias)
Severe hypoglycaemia

High risk Quote from study report: “open-labelled”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from study report: “open-labelled”
Comment: laboratory measure, not clear if
measured centrally

Blinding of participants and personnel
(performance bias)
Adverse events

High risk Quote from study report: “open-labelled”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
All-cause mortality

Low risk Quote from study report: “open-labelled”
Comment: outcome measure unlikely to
be influenced by lack of blinding

Blinding of outcome assessment (detection
bias)
Severe hypoglycaemia

High risk Quote from study report: “open-labelled”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
HbA1c

Unclear risk Quote from study report: “open-labelled”
Comment: laboratory measure, not clear if
measured centrally

Blinding of outcome assessment (detection
bias)
Adverse events

High risk Quote from study report: “open-labelled”
Comment: outcome measure likely influ-
enced by lack of blinding

Incomplete outcome data (attrition bias)
All-cause mortality

Low risk Comment: proportion of participants in-
cluded in analyses adequate. Missing data
balanced across intervention groups
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NCT01650129 (Continued)

Incomplete outcome data (attrition bias)
Severe hypoglycaemia

Low risk Comment: proportion of participants in-
cluded in analyses adequate. Missing data
balanced across intervention groups

Incomplete outcome data (attrition bias)
HbA1c

Low risk Comment: proportion of participants in-
cluded in analyses adequate. Missing data
balanced across intervention groups

Incomplete outcome data (attrition bias)
Adverse events

Low risk Comment: proportion of participants in-
cluded in analyses adequate. Missing data
balanced across intervention groups

Selective reporting (reporting bias) Unclear risk Comment: for several outcomes, the results
were not reported in detail, trial authors
only reported that no significant difference
was found

Other bias Low risk Comment: none detected

Pfützner 2013

Methods Parallel randomised controlled trial, randomisation ratio 1:1:1

Participants Inclusion criteria: not reported
Exclusion criteria: not reported
Diagnostic criteria: type 2 diabetes

Interventions Number of study centres: 1 (although not explicitly stated)
Treatment before study: not reported
Titration period: not reported

Outcomes Outcomes reported in abstract of publication: OGTT: blood glucose, nitrotyrosine,
hsCRP and mRNA macrophage activation markers (IL6, TNFalpha, eNOS, MAPK1)
after 0, 1, and 2 hr, Hba1c

Study details Run-in period: not reported
Study terminated early: no
Trial register ID: NCT01417897; EUCTR2011-003733-34-DE

Publication details Language of publication: English
Funding: commercial (partial funding from Sanofi Germany)
Publication status: conference poster

Study aim for study Quote from publication: “Primary objective of this pilot study was to collect data for
hypothesis generation regarding the impact of short-acting insulin analogues (insulin
aspart, IA and insulin glulisine, IG) in comparison to regular human insulin (RHI)
on biomarkers of inflammation and oxidative stress during an oral glucose challenge
experiment (OGTT) in patients with type 2 diabetes”
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Pfützner 2013 (Continued)

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Comment: not reported

Allocation concealment (selection bias) Unclear risk Comment: not reported

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from study report: “open-labelled”

Blinding of outcome assessment (detection
bias)
HbA1c

Unclear risk Quote from study report: “open-labelled”

Incomplete outcome data (attrition bias)
HbA1c

Low risk Comment: all randomised participants in-
cluded in analysis

Selective reporting (reporting bias) Unclear risk Comment: not enough information to
judge

Other bias High risk Comment: pilot project, very few partic-
ipants, exploratory design, only published
as poster and conference abstract

Rayman 2007

Methods Parallel randomised controlled trial, randomisation ratio 1:1 (stratified according

to OADs use), non-inferiority design (1-sided CI, upper bound of CI ≤ 0.4% for

HbA1c)

Participants Inclusion criteria: T2DM and insulin treatment > 6 months; HbA1c 6.0 to 11.0 %;
age ≥ 18 years
Exclusion criteria: active proliferative or unstable diabetic retinopathy; treatment with
repaglinide, nateglinide, glitazones, or any investigational drug in the 4 weeks prior to
study; history of seizure disorders; impaired renal or hepatic function; major systemic
disease
Diagnostic criteria: according to medical record¹

Interventions Number of study centres: 90
Treatment before study: > 6 months continuous insulin treatment (short-acting, rapid-
acting, basal, or a combination) with or without OAD
Titration period: 26 weeks

47Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Rayman 2007 (Continued)

Outcomes Outcomes reported in abstract of publication: difference in HbA1c change; postpran-
dial PG at 2 hr; postprandial PG excursions at 1 hr and 2 hr; symptomatic hypogly-
caemia; nocturnal hypoglycaemia from month 4 to treatment end

Study details Run-in period: 4 weeks
Study terminated early: no
Trial register ID: not reported

Publication details Language of publication: English
Funding: commercial (Sanofi-Aventis)
Publication status: full article in a peer reviewed journal

Study aim for study Quote from publication: “This study aimed to demonstrate the non-inferiority of
insulin glulisine with RHI in terms of changes in HbA1c levels from baseline to endpoint
(week 26 or patients‘ last available value during treatment), and the safety of insulin
glulisine (in terms of AEs, clinical chemistry, lipids and haematology)”

Notes ¹from IQWIG 2005

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote from publication:“Randomization
was stratified according to whether or not
patients were treated with OHAs at the
time of randomisation”
Comment: not clearly stated, but likely ad-
equate; according to IQWIG 2005, ade-
quate

Allocation concealment (selection bias) Low risk Comment: not reported, but according to
IQWIG 2005, adequate

Blinding of participants and personnel
(performance bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely in-
fluenced by lack of blinding

Blinding of participants and personnel
(performance bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement, outcome
measure likely to be influenced by lack of
blinding

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from publication: “open-label”
Comment: investigator-reported outcome
measurement
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Rayman 2007 (Continued)

Blinding of participants and personnel
(performance bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement, outcome
measure likely influenced by lack of blind-
ing

Blinding of outcome assessment (detection
bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely to
be influenced by lack of blinding

Blinding of outcome assessment (detection
bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement, outcome
measure likely influenced by lack of blind-
ing

Blinding of outcome assessment (detection
bias)
HbA1c

Low risk Quote from publication: “HbA1c levels
in whole blood were analysed in a single
central laboratory”
Comment: according to IQWIG 2005,
blinded outcome assessment

Blinding of outcome assessment (detection
bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement, outcome
measure likely influenced by lack of blind-
ing

Incomplete outcome data (attrition bias)
All-cause mortality

Low risk Comment: all participants included in
analysis

Incomplete outcome data (attrition bias)
Severe hypoglycaemia

Low risk Comment: all participants included in
analysis

Incomplete outcome data (attrition bias)
HbA1c

Low risk Comment: 96% and 98% of participants
included in analysis

Incomplete outcome data (attrition bias)
Adverse events

Low risk Comment: all participants included in
analysis

Selective reporting (reporting bias) Unclear risk Comment: no study protocol was avail-
able, but some results were reported for
endpoints not mentioned in the methods
section of the paper

Other bias High risk Comment: inconsistent information on
hypoglycaemia data in Rayman 2007, data
appear not to be correct
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Ross 2001

Methods Parallel randomised clinical trial, randomisation ratio 1:1, non-inferiority design

(2-sided CI)

Participants Inclusion criteria: type 2 diabetes; maximum tolerated dose of oral hypoglycaemic agents
(metformin and sulphonylurea) without achieving acceptable glycaemic control (defined
as an HbA1c level less than 130% above upper normal range despite full compliance
with diet and medication), no long-term insulin therapy
Exclusion criteria: severe retinopathy or neuropathy, more than 2 severe hypoglycaemic
episodes in the past year
Diagnostic criteria: not reported

Interventions Number of study centres: not reported
Treatment before study: OADs (metformin and sulphonylurea)
Titration period: 5.5 months¹

Outcomes Outcomes reported in abstract of publication: 2-hr post-breakfast and 2-hr post-
supper blood glucose levels; HbA1c improvement; overall hypoglycaemia; nocturnal
hypoglycaemia; quality-of life

Study details Run-in period: not reported
Study terminated early: no
Trial register ID: not reported

Publication details Language of publication: English
Funding: not reported
Publication status: full article in peer reviewed journal

Study aim for study Quote from publication: “To compare the effects of insulin lispro (LP) and human
regular insulin (HRI) when given twice daily with NPH insulin on glycaemic control
(HbA1c), daily blood glucose profiles and rates of hypoglycaemia in patients with type
2 diabetes mellitus after failure to respond to sulphonylurea drugs”

Notes ¹According to IQWIG 2005, no information on the duration in weeks; 5.5 months
correspond to min. 23.6 weeks, max. 24.1 weeks

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Quote from publication: “Subjects were
randomised to LP or HR together with
NPH insulin for the entire treatment
period´ ”
Comment: not enough details

Allocation concealment (selection bias) Unclear risk Comment: not reported
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Ross 2001 (Continued)

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from publication: “open-label”
Comment: investigator-reported outcome
measurement

Blinding of participants and personnel
(performance bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement, outcome
measure likely influenced by lack of blind-
ing

Blinding of participants and personnel
(performance bias)
Health-related quality of life

High risk Quote from publication: “open-label”
Comment: self-reported outcome mea-
surement, outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
HbA1c

Unclear risk Quote from publication: “open-label”
Comment: investigator-reported outcome
measurement

Blinding of outcome assessment (detection
bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: self-reported and investigator-
reported outcome measurement, outcome
measure likely influenced by lack of blind-
ing

Blinding of outcome assessment (detection
bias)
Health-related quality of life

High risk Quote from publication: “open-label”
Comment: self-reported outcome mea-
surement, outcome measure likely influ-
enced by lack of blinding

Incomplete outcome data (attrition bias)
HbA1c

Low risk Quote from publication: “All efficacy re-
sults are presented as an intention-to-treat
analysis”

Incomplete outcome data (attrition bias)
Adverse events

Low risk Quote from publication: “All efficacy re-
sults are presented as an intention-to-treat
analysis”

Incomplete outcome data (attrition bias)
Health-related quality of life

High risk Quote from publication: “Forty-nine LP
and 53 HR subjects completed the ques-
tionnaire at the beginning and end of the
study”
Comment: only 49/70 (70%) randomised
participants in the lispro group and 53/78
(68%) participants in the regular human
insulin group completed the questionnaire
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Ross 2001 (Continued)

Selective reporting (reporting bias) Unclear risk Comment: severe hypoglycaemia defined
in the methods but not reported in results,
instead, the results for nocturnal hypogly-
caemia are reported, which was not men-
tioned in the methods; some baseline vari-
ables reported for groups separately, others
were only given for the whole trial popula-
tion (e.g. retinopathy, neuropathy)

Other bias Unclear risk Comment: no definition of primary out-
come

Z012 1997

Methods Parallel randomised controlled trial, randomisation ratio 1:1, non-inferiority de-

sign

Participants Inclusion criteria: NIDDM, age = 35 to 70 years, insulin therapy for at least two months
before study entry¹
Exclusion criteria: any other severe disease, current use of oral antidiabetic drugs or
insulin infusion devices
Diagnostic criteria: WHO 1980

Interventions Number of study centres: multicenter (47 investigators)
Treatment before study: human insulin therapy for at least 2 months before study
Titration period: 12 months

Outcomes Outcomes reported in abstract of publication: 1-hr and 2-hr postprandial rise in serum
glucose, HbA1c

Study details Run-in period: 1 month²
Study terminated early: no
Trial register ID: not reported

Publication details Language of publication: English
Funding: commercial (Eli Lilly)
Publication status: full article in peer review journal³

Study aim for study Quote from publication: “We examined the safety and efficacy of insulin lispro in the
pre-meal treatment of patients with diabetes mellitus”

Notes ¹Anderson 1997 combined two trials including type 1 and type 2 diabetic participants.
The inclusion criteria listed here only refer to participants with type 2 diabetes
²According to IQWIG 2005 2 to 4 weeks
³Anderson 1997 reports on the pooled results of trials Z012 1997 and Z014 1997; details
on the individual trials were taken from IQWIG 2005
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Z012 1997 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote from publication: “Patients were
then randomly assigned to receive either in-
sulin lispro or regular human insulin as a
pre-meal injection”
Comment: considered adequate in
IQWIG 2005

Allocation concealment (selection bias) Low risk Quote from IQWiG report: “Allocation
was done centrally”
Comment: considered adequate in
IQWIG 2005

Blinding of participants and personnel
(performance bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely to
be influenced by lack of blinding

Blinding of participants and personnel
(performance bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from publication: “open-label”

Blinding of participants and personnel
(performance bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely to
be influenced by lack of blinding

Blinding of outcome assessment (detection
bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
HbA1c

Low risk Quote from publication: “Blood sam-
ples were taken at 3-month intervals for
the determination of glycated haemoglobin
(HbA1c) levels and analysed by a central
laboratory”
Comment: outcome measure was unlikely
influenced by lack of blinding
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Z012 1997 (Continued)

Blinding of outcome assessment (detection
bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Incomplete outcome data (attrition bias)
All-cause mortality

Low risk Quote from IQWiG report: “Patients lost
to follow-up lispro 3%; patients lost to fol-
low-up regular human insulin 3%”

Incomplete outcome data (attrition bias)
Severe hypoglycaemia

Low risk Quote from IQWiG report: “Patients lost
to follow-up lispro 3%; patients lost to fol-
low-up regular human insulin 3%”

Incomplete outcome data (attrition bias)
HbA1c

Low risk Quote from IQWiG report: “Patients lost
to follow-up lispro 3%; patients lost to fol-
low-up regular human insulin 3%”

Incomplete outcome data (attrition bias)
Adverse events

Low risk Quote from IQWiG report: “Patients lost
to follow-up lispro 3%; patients lost to fol-
low-up regular human insulin 3%”

Selective reporting (reporting bias) High risk Comment: inconsistent information on
primary outcomes in different study re-
ports and publication

Other bias High risk Comment: primary outcome not clear;
the publication only provided results for
pooled analyses of trials Z012 and Z014.
The trial authors did not make clear that
these were results from pooled analyses

Z014 1997

Methods Parallel randomised controlled trial, randomisation ratio 1:1, non-inferiority de-

sign

Participants Inclusion criteria: NIDDM, age = 35 to 70 years, insulin therapy for at least two months
before study entry¹
Exclusion criteria: any other severe disease, current use of oral antidiabetic drugs or
insulin infusion devices
Diagnostic criteria: WHO 1980

Interventions Number of study centres: multicentre (47 investigators)
Treatment before study: human insulin therapy for at least 2 months before study
Titration period: 12 months

Outcomes Outcomes reported in abstract of publication: 1-hr and 2-hr postprandial rise in serum
glucose, HbA1c
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Z014 1997 (Continued)

Study details Run-in period: 1 month²
Study terminated early: no
Trial register ID: not reported

Publication details Language of publication: English
Funding: commercial (Eli Lilly)
Publication status: full article in peer reviewed journal³

Study aim for study Quote from publication: “We examined the safety and efficacy of insulin lispro in the
pre-meal treatment of patients with diabetes mellitus”

Notes ¹Anderson 1997 combined two trials including type 1 and type 2 diabetic participants.
The inclusion criteria listed here only refer to participants with type 2 diabetes
²According to IQWIG 2005, 2 to 4 weeks
³Anderson 1997 reports on the pooled results of trials Z012 1997 and Z014 1997; details
on the individual trials were taken from IQWIG 2005

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Quote from publication: “Patients were
then randomly assigned to receive either in-
sulin lispro or regular human insulin as a
pre-meal injection”
Comment: considered adequate in
IQWIG 2005

Allocation concealment (selection bias) Low risk Quote from IQWiG report: “Allocation
was done centrally”
Comment: considered adequate in
IQWIG 2005

Blinding of participants and personnel
(performance bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely to
be influenced by lack of blinding

Blinding of participants and personnel
(performance bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of participants and personnel
(performance bias)
HbA1c

Unclear risk Quote from publication: “open-label”

Blinding of participants and personnel
(performance bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding
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Z014 1997 (Continued)

Blinding of outcome assessment (detection
bias)
All-cause mortality

Low risk Quote from publication: “open-label”
Comment: outcome measure unlikely in-
fluenced by lack of blinding

Blinding of outcome assessment (detection
bias)
Severe hypoglycaemia

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Blinding of outcome assessment (detection
bias)
HbA1c

Low risk Quote from publication: “Blood sam-
ples were taken at 3-month intervals for
the determination of glycated haemoglobin
(HbA1c) levels and analysed by a central
laboratory”
Comment: outcome measure unlikely to
be influenced by lack of blinding

Blinding of outcome assessment (detection
bias)
Adverse events

High risk Quote from publication: “open-label”
Comment: outcome measure likely influ-
enced by lack of blinding

Incomplete outcome data (attrition bias)
All-cause mortality

Low risk Quote from IQWiG report: “Patients lost
to follow-up lispro N = 5 (6%); patients
lost to follow-up regular human insulin N
= 6 (7%)”

Incomplete outcome data (attrition bias)
Severe hypoglycaemia

Low risk Quote from IQWiG report: “Patients lost
to follow-up lispro N = 5 (6%); patients
lost to follow-up regular human insulin N
= 6 (7%)”

Incomplete outcome data (attrition bias)
HbA1c

Low risk Quote from IQWiG report: “Patients lost
to follow-up lispro n = 5 (6%); patients lost
to follow up regular human insulin n = 6
(7%)”

Incomplete outcome data (attrition bias)
Adverse events

Low risk Quote from IQWiG report: “Patients lost
to follow-up lispro N = 5 (6%); patients
lost to follow-up regular human insulin N
= 6 (7%)”

Selective reporting (reporting bias) High risk Comment: inconsistent information on
primary outcomes in different study re-
ports and publication

Other bias High risk Comment: primary outcome not clear;
publication only provided results for
pooled analyses of trials Z012 and Z014.
The trial authors did not inform readers
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Z014 1997 (Continued)

that these were results from pooled analyses

Note: where the judgement is ’Unclear’ and the description is blank, the trial did not report that particular outcome.
ADA: American Diabetes Association
AE: adverse events
BG: blood glucose
BMI: body mass index
CI: confidence interval
DM: diabetes mellitus
hr: hour(s)
HbA1c: glycosylated haemoglobin A1c
HR: human regular insulin
HRQoL: health-related quality of life
IDDM: insulin-dependent diabetes mellitus
LP: insulin lispro
NIDDM: non-insulin-dependent diabetes mellitus
OAD: oral antidiabetic drug
OGTT: oral glucose tolerance test
ORBIT: Outcome Reporting Bias In Trials
PG: plasma glucose
RHI: regular human insulin
T2DM: type 2 diabetes
WHO: World Health Organization

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Bi 2007 Treatment duration too short (3 weeks)

Boehm 2004 Not a randomised trial

Boivin 1999 No comparison of short-acting insulin analogue versus regular human insulin

Bott 2003 Not type 2 diabetes

Caixas 1998 Not type 2 diabetes

Chan 2004 Treatment duration too short (12 weeks)

Chen 2011 Treatment duration too short (about 2 weeks)

Chlup 2004 Not a randomised trial
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(Continued)

Cypryk 2004 Not type 2 diabetes

Ferguson 2001 Not type 2 diabetes

Fineberg 1996 Pooled data of 4 randomised controlled trials

Gao 2009 Treatment duration too short (3 months)

Garg 1996 Not type 2 diabetes

Garg 2000 Not type 2 diabetes

Gram 2011 No comparison of short-acting insulin analogue versus regular human insulin

Holleman 1997 Not type 2 diabetes

Home 2000 Not type 2 diabetes

Home 2006 Not type 2 diabetes

Kaplan 2004 Not type 2 diabetes

Lalli 1999 Not type 2 diabetes

Laube 1996 Treatment duration too short (3 months)

Lindholm 1999 Not type 2 diabetes

Lindholm 2002 No adequate separate data for type 2 diabetic participants

Loukovaara 2003 Not type 2 diabetes

Miikkulainen 2016 Not a randomised trial

Perez-Maraver 2013 No comparable insulin regimen in intervention and control groups

Perriello 2005 Treatment duration too short (1 trial day)

Persson 2002 Not type 2 diabetes

Provenzano 2001 Not type 2 diabetes

Rami 1997 Treatment duration too short (2 days)

Raskin 2000 Not type 2 diabetes

Recasens 2003 Not type 2 diabetes
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(Continued)

Roach 2001 No comparable insulin regimen in intervention and control groups

Schernthaner 2004 No comparable insulin regimen in intervention and control groups

Skhra 2002 Treatment duration too short (2 months)

Tubiana-Rufi 1997 Not type 2 diabetes

Vignati 1997 Treatment duration too short (2 months)

Yanagisawa 2013 Not a randomised trial

Characteristics of studies awaiting assessment [ordered by study ID]

Farshchi 2016

Methods Parallel randomised controlled trial, randomisation ratio 1:1

Participants Inclusion criteria: participants with T2DM; age 25 to 65 years; HbA1c ≥ 8 % despite adequate
therapy with lifestyle modification and one or two classes of OADs
Exclusion criteria: alteration in insulin sensitivity such as major surgery, infection, renal failure
(glomerular filtration rate < 50); glucocorticoid treatment; recent (within 2 weeks) serious hy-
poglycaemic episode (requires assistance of another); using any type of insulin; sight or hearing
impaired; active proliferative retinopathy or maculopathy requiring treatment within 6 months
prior to screening; breast feeding, pregnancy or nursing, intention of becoming pregnant or not
using adequate contraceptive measures; participating in another clinical study
Diagnostic criteria: not reported

Interventions Number of study centres: 1
Treatment before study: OADs
Titration period: not reported

Outcomes Outcomes reported in abstract of publication: HbA1c; FPG; PPG; hypoglycaemia (minor,
major, nocturnal); weight gain; utility; cost-effectiveness; costs (medical, non-medical)

Reason for awaiting classification Run-in period: none
Study terminated early: no
Trial register ID: NCT01889095

Stated aim of study Language of publication: English
Funding: commercial (Novo Nordisk Pars, Iran)
Publication status: full article in a peer reviewed journal

Trial identifier Quote from publication: “The aim of the present piggyback study was to investigate the cost-
effectiveness of BIAsp 30, using the data from a clinical trial of Iranian patients with T2DM”
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Farshchi 2016 (Continued)

Notes According to information available from ClinicalTrials.gov and Farshchi 2016, treatment goals
were fasting BG between 80 and 120 mg/dL, postprandial BG less than 160 mg/dL, and HbA1c
less than 7.0% in both comparison groups. However, the authors also mentioned an additional
target for the pre-dinner BG of less than 100 mg/dL for the NPH/Reg group. In addition,
the authors report that BG targets for dose titration were based on pre-meal targets alone and
according to this information, dose titration started only at BG above 126 mg/dL. It thus remains
unclear whether there was an additional BG target in the NPG/Reg group. We contacted the
author for clarification and additional information but did not get an answer

NCT01500850

Methods Type of trial: interventional trial
Allocation: randomised
Intervention model: parallel assignment
Masking: none(open label)
Primary purpose: treatment

Participants Condition: insulin-requiring type 2 diabetes mellitus
Enrollment: estimated 60
Inclusion criteria: type 2 diabetes ≥ 1 year of diagnosis; experienced in self blood glucose
measurement for ≥ 3 months; HbA1c ≤ 9% and > 6.5%; BMI > 30 kg/m²; age ≥ 18 years;
waist circumference > 88 cm (female) and > 102 cm (male); NPH insulin treatment plus 1 or 2
OAD (except TZD)
Exclusion criteria: anamnestic history of hypersensitivity to the study drugs (or any component
of the study drug) or to drugs with similar chemical structures; history of severe or multiple
allergies; treatment with any other investigational drug within 3 months prior to screening;
progressive fatal disease; history of significant cardiovascular, respiratory, gastrointestinal, hepatic,
renal, neurological, psychiatric, or hematological disease (or a combination), as judged by the
investigator; treatment with GLP1-analogue or TZD; hsCRP > 10 mg/L; already treated with
intensified conventional insulin therapy

Interventions Intervention(s): insulin glargine + insulin glulisine for 24 weeks; insulin glargine + human insulin
for 24 weeks
Comparator(s): NPH insulin + insulin glulisine for 24 weeks; NPH insulin + human insulin for
24 weeks

Outcomes Primary outcome(s): fasting intact proinsulin after 24 weeks
Secondary outcome(s): weight; hsCRP; adiponectin; MMP-9; OGTT parameters; HOMA-IR
score; HbA1c; responder rate; hypoglycaemic events
Other outcome(s): not reported

Reason for awaiting classification Quote from trials register record: “The recruitment status of this study is unknown. The
completion date has passed and the status has not been verified in more than two years”

Stated aim of study Quote from trials register record: “...to observe changes in cardiovascular biomarkers during
treatment with Lantus in patients with type 2 diabetes mellitus”

Trial identifier NCT01500850
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NCT01500850 (Continued)

Notes Completed study identified through trial registry search. No publication or trial results available.
No information provided by trial investigators

BMI: body mass index; FPG: fasting plasma glucose; GLP-1: glucagon-like peptid 1; HbA1c: glycosylated haemoglobin A1c; HOMA-

IR: homeostatic model assessment insulin resistance; hsCRP: highly-reactive C-reactive protein; MMP-9: matrix metallopeptidase
9; NPH: neutral protamine Hagedorn insulin; OAD: oral antidiabetic drugs; OGTT: oral glucose tolerance test; PPG: postprandial
glucose; RHI: regular human insulin; T2DM: type 2 diabetes mellitus; TZD: thiazolidinediones
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D A T A A N D A N A L Y S E S

Comparison 1. Short-acting insulin analogues versus regular human insulin (RHI)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 All-cause mortality 6 2519 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.66 [0.41, 6.64]

2 All-cause mortality for different
types of insulin

6 2519 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.66 [0.41, 6.64]

2.1 Lispro 3 670 Peto Odds Ratio (Peto, Fixed, 95% CI) 7.55 [0.47, 121.16]
2.2 Glulisine 2 1766 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.00 [0.20, 4.96]
2.3 Aspart 1 83 Peto Odds Ratio (Peto, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 HbA1c changes 9 2608 Mean Difference (IV, Random, 95% CI) -0.03 [-0.16, 0.09]

4 HbA1c changes for different
types of insulin

9 2612 Mean Difference (IV, Random, 95% CI) -0.03 [-0.15, 0.09]

4.1 Lispro 4 818 Mean Difference (IV, Random, 95% CI) 0.09 [-0.13, 0.30]
4.2 Glulisine 3 1675 Mean Difference (IV, Random, 95% CI) -0.08 [-0.21, 0.05]
4.3 Aspart 3 119 Mean Difference (IV, Random, 95% CI) -0.07 [-0.65, 0.50]

5 All non-severe hypoglycaemic
episodes (mean
episode/participant/month)

7 2667 Mean Difference (IV, Random, 95% CI) 0.08 [-0.00, 0.16]

6 All non-severe hypoglycaemic
episodes (mean
episode/participant/month) for
different types of insulin

7 2667 Mean Difference (IV, Random, 95% CI) 0.08 [-0.00, 0.16]

6.1 Lispro 4 818 Mean Difference (IV, Random, 95% CI) 0.10 [0.00, 0.19]
6.2 Glulisine 2 1766 Mean Difference (IV, Random, 95% CI) 0.03 [-0.15, 0.22]
6.3 Aspart 1 83 Mean Difference (IV, Random, 95% CI) -0.5 [-1.64, 0.64]
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Analysis 1.1. Comparison 1 Short-acting insulin analogues versus regular human insulin (RHI), Outcome 1

All-cause mortality.

Review: Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus

Comparison: 1 Short-acting insulin analogues versus regular human insulin (RHI)

Outcome: 1 All-cause mortality

Study or subgroup Insulin analogues RHI
Peto

Odds Ratio Weight
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

Bastyr 2000 2/186 0/189 25.0 % 7.55 [ 0.47, 121.16 ]

Dailey 2004 1/435 2/441 37.5 % 0.52 [ 0.05, 5.01 ]

NCT01650129 0/58 0/25 Not estimable

Rayman 2007 2/448 1/442 37.5 % 1.92 [ 0.20, 18.55 ]

Z012 1997 0/72 0/73 Not estimable

Z014 1997 0/73 0/77 Not estimable

Total (95% CI) 1272 1247 100.0 % 1.66 [ 0.41, 6.64 ]

Total events: 5 (Insulin analogues), 3 (RHI)

Heterogeneity: Chi2 = 2.17, df = 2 (P = 0.34); I2 =8%

Test for overall effect: Z = 0.71 (P = 0.48)

Test for subgroup differences: Not applicable

0.002 0.1 1 10 500

Favours insulin analogues Favours RHI

63Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.2. Comparison 1 Short-acting insulin analogues versus regular human insulin (RHI), Outcome 2

All-cause mortality for different types of insulin.

Review: Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus

Comparison: 1 Short-acting insulin analogues versus regular human insulin (RHI)

Outcome: 2 All-cause mortality for different types of insulin

Study or subgroup Insulin analogues RHI
Peto

Odds Ratio Weight
Peto

Odds Ratio

n/N n/N Peto,Fixed,95% CI Peto,Fixed,95% CI

1 Lispro

Bastyr 2000 2/186 0/189 25.0 % 7.55 [ 0.47, 121.16 ]

Z012 1997 0/72 0/73 Not estimable

Z014 1997 0/73 0/77 Not estimable

Subtotal (95% CI) 331 339 25.0 % 7.55 [ 0.47, 121.16 ]

Total events: 2 (Insulin analogues), 0 (RHI)

Heterogeneity: not applicable

Test for overall effect: Z = 1.43 (P = 0.15)

2 Glulisine

Dailey 2004 1/435 2/441 37.5 % 0.52 [ 0.05, 5.01 ]

Rayman 2007 2/448 1/442 37.5 % 1.92 [ 0.20, 18.55 ]

Subtotal (95% CI) 883 883 75.0 % 1.00 [ 0.20, 4.96 ]

Total events: 3 (Insulin analogues), 3 (RHI)

Heterogeneity: Chi2 = 0.64, df = 1 (P = 0.42); I2 =0.0%

Test for overall effect: Z = 0.00 (P = 1.0)

3 Aspart

NCT01650129 0/58 0/25 Not estimable

Subtotal (95% CI) 58 25 Not estimable

Total events: 0 (Insulin analogues), 0 (RHI)

Heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 1272 1247 100.0 % 1.66 [ 0.41, 6.64 ]

Total events: 5 (Insulin analogues), 3 (RHI)

Heterogeneity: Chi2 = 2.17, df = 2 (P = 0.34); I2 =8%

Test for overall effect: Z = 0.71 (P = 0.48)

Test for subgroup differences: Chi2 = 1.53, df = 1 (P = 0.22), I2 =35%

0.002 0.1 1 10 500

Favours insulin analogues Favours RHI
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Analysis 1.3. Comparison 1 Short-acting insulin analogues versus regular human insulin (RHI), Outcome 3

HbA1c changes.

Review: Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus

Comparison: 1 Short-acting insulin analogues versus regular human insulin (RHI)

Outcome: 3 HbA1c changes

Study or subgroup Insulin analogues RHI
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

NCT01650129 58 -0.6 (0.96) 24 -0.1 (1.36) 3.9 % -0.50 [ -1.10, 0.10 ]

Ross 2001 70 -2.5 (1.67) 78 -2.3 (1.77) 4.5 % -0.20 [ -0.75, 0.35 ]

Dailey 2004 404 -0.46 (0.8) 403 -0.3 (0.85) 29.9 % -0.16 [ -0.27, -0.05 ]

Z012 1997 72 -0.7 (1.2) 73 -0.6 (1.4) 7.1 % -0.10 [ -0.52, 0.32 ]

Rayman 2007 429 -0.3 (0.85) 431 -0.3 (0.8) 30.3 % 0.0 [ -0.11, 0.11 ]

Z014 1997 73 -0.4 (1.5) 77 -0.5 (0.7) 8.5 % 0.10 [ -0.28, 0.48 ]

Hermann 2013 18 -1.4 (1.28) 11 -1.5 (1.28) 1.6 % 0.10 [ -0.86, 1.06 ]

Pfützner 2013 8 -0.4 (0.6) 4 -0.6 (0.6) 2.8 % 0.20 [ -0.52, 0.92 ]

Bastyr 2000 186 -1.2 (1.59) 189 -1.5 (1.5) 11.3 % 0.30 [ -0.01, 0.61 ]

Total (95% CI) 1318 1290 100.0 % -0.03 [ -0.16, 0.09 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 12.83, df = 8 (P = 0.12); I2 =38%

Test for overall effect: Z = 0.53 (P = 0.60)

Test for subgroup differences: Not applicable

-1 -0.5 0 0.5 1

Favours insulin analogues Favours RHI
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Analysis 1.4. Comparison 1 Short-acting insulin analogues versus regular human insulin (RHI), Outcome 4

HbA1c changes for different types of insulin.

Review: Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus

Comparison: 1 Short-acting insulin analogues versus regular human insulin (RHI)

Outcome: 4 HbA1c changes for different types of insulin

Study or subgroup Insulin analogues RHI
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Lispro

Bastyr 2000 186 -1.2 (1.59) 189 -1.5 (1.5) 11.0 % 0.30 [ -0.01, 0.61 ]

Ross 2001 70 -2.5 (1.67) 78 -2.3 (1.77) 4.3 % -0.20 [ -0.75, 0.35 ]

Z012 1997 72 -0.7 (1.2) 73 -0.6 (1.4) 6.8 % -0.10 [ -0.52, 0.32 ]

Z014 1997 73 -0.4 (1.5) 77 -0.5 (0.7) 8.2 % 0.10 [ -0.28, 0.48 ]

Subtotal (95% CI) 401 417 30.3 % 0.09 [ -0.13, 0.30 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 3.55, df = 3 (P = 0.31); I2 =15%

Test for overall effect: Z = 0.79 (P = 0.43)

2 Glulisine

Dailey 2004 404 -0.46 (0.8) 403 -0.3 (0.85) 30.0 % -0.16 [ -0.27, -0.05 ]

Pfützner 2013 4 -0.7 (0.6) 4 -0.6 (0.6) 2.0 % -0.10 [ -0.93, 0.73 ]

Rayman 2007 429 -0.3 (0.85) 431 -0.3 (0.8) 30.5 % 0.0 [ -0.11, 0.11 ]

Subtotal (95% CI) 837 838 62.4 % -0.08 [ -0.21, 0.05 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 3.91, df = 2 (P = 0.14); I2 =49%

Test for overall effect: Z = 1.18 (P = 0.24)

3 Aspart

Hermann 2013 18 -1.4 (1.28) 11 -1.5 (1.28) 1.5 % 0.10 [ -0.86, 1.06 ]

NCT01650129 58 -0.6 (0.96) 24 -0.1 (1.36) 3.7 % -0.50 [ -1.10, 0.10 ]

Pfützner 2013 4 -0.2 (0.6) 4 -0.6 (0.6) 2.0 % 0.40 [ -0.43, 1.23 ]

Subtotal (95% CI) 80 39 7.3 % -0.07 [ -0.65, 0.50 ]

Heterogeneity: Tau2 = 0.10; Chi2 = 3.25, df = 2 (P = 0.20); I2 =39%

Test for overall effect: Z = 0.25 (P = 0.80)

Total (95% CI) 1318 1294 100.0 % -0.03 [ -0.15, 0.09 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 13.51, df = 9 (P = 0.14); I2 =33%

Test for overall effect: Z = 0.54 (P = 0.59)

Test for subgroup differences: Chi2 = 1.68, df = 2 (P = 0.43), I2 =0.0%

-1 -0.5 0 0.5 1
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66Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.5. Comparison 1 Short-acting insulin analogues versus regular human insulin (RHI), Outcome 5

All non-severe hypoglycaemic episodes (mean episode/participant/month).

Review: Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus

Comparison: 1 Short-acting insulin analogues versus regular human insulin (RHI)

Outcome: 5 All non-severe hypoglycaemic episodes (mean episode/participant/month)

Study or subgroup Insulin analogues RHI
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Bastyr 2000 186 0.9 (2.1) 189 0.8 (1.9) 3.9 % 0.10 [ -0.31, 0.51 ]

Dailey 2004 435 1.2 (2.1) 441 1.3 (2.4) 7.2 % -0.10 [ -0.40, 0.20 ]

NCT01650129 58 0.8 (2.3) 25 1.3 (2.5) 0.5 % -0.50 [ -1.64, 0.64 ]

Rayman 2007 448 0.7 (1.4) 442 0.6 (1.5) 17.8 % 0.10 [ -0.09, 0.29 ]

Ross 2001 70 1.8 (0.3) 78 1.7 (0.3) 68.9 % 0.10 [ 0.00, 0.20 ]

Z012 1997 72 2.1 (3.2) 73 2.5 (4.6) 0.4 % -0.40 [ -1.69, 0.89 ]

Z014 1997 73 0.8 (2.3) 77 0.8 (2.1) 1.3 % 0.0 [ -0.71, 0.71 ]

Total (95% CI) 1342 1325 100.0 % 0.08 [ 0.00, 0.16 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 3.18, df = 6 (P = 0.79); I2 =0.0%

Test for overall effect: Z = 1.93 (P = 0.053)

Test for subgroup differences: Not applicable

-1 -0.5 0 0.5 1
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Analysis 1.6. Comparison 1 Short-acting insulin analogues versus regular human insulin (RHI), Outcome 6

All non-severe hypoglycaemic episodes (mean episode/participant/month) for different types of insulin.

Review: Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus

Comparison: 1 Short-acting insulin analogues versus regular human insulin (RHI)

Outcome: 6 All non-severe hypoglycaemic episodes (mean episode/participant/month) for different types of insulin

Study or subgroup Insulin analogues RHI
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Lispro

Bastyr 2000 186 0.9 (2.1) 189 0.8 (1.9) 3.9 % 0.10 [ -0.31, 0.51 ]

Ross 2001 70 1.8 (0.3) 78 1.7 (0.3) 68.9 % 0.10 [ 0.00, 0.20 ]

Z012 1997 72 2.1 (3.2) 73 2.5 (4.6) 0.4 % -0.40 [ -1.69, 0.89 ]

Z014 1997 73 0.8 (2.3) 77 0.8 (2.1) 1.3 % 0.0 [ -0.71, 0.71 ]

Subtotal (95% CI) 401 417 74.5 % 0.10 [ 0.00, 0.19 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.65, df = 3 (P = 0.89); I2 =0.0%

Test for overall effect: Z = 2.01 (P = 0.044)

2 Glulisine

Dailey 2004 435 1.2 (2.1) 441 1.3 (2.4) 7.2 % -0.10 [ -0.40, 0.20 ]

Rayman 2007 448 0.7 (1.4) 442 0.6 (1.5) 17.8 % 0.10 [ -0.09, 0.29 ]

Subtotal (95% CI) 883 883 25.0 % 0.03 [ -0.15, 0.22 ]

Heterogeneity: Tau2 = 0.00; Chi2 = 1.22, df = 1 (P = 0.27); I2 =18%

Test for overall effect: Z = 0.37 (P = 0.71)

3 Aspart

NCT01650129 58 0.8 (2.3) 25 1.3 (2.5) 0.5 % -0.50 [ -1.64, 0.64 ]

Subtotal (95% CI) 58 25 0.5 % -0.50 [ -1.64, 0.64 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.86 (P = 0.39)

Total (95% CI) 1342 1325 100.0 % 0.08 [ 0.00, 0.16 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 3.18, df = 6 (P = 0.79); I2 =0.0%

Test for overall effect: Z = 1.93 (P = 0.053)

Test for subgroup differences: Chi2 = 1.33, df = 2 (P = 0.51), I2 =0.0%

-0.5 -0.25 0 0.25 0.5

Favours insulin analogues Favours RHI
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A D D I T I O N A L T A B L E S

Table 1. Overview of trial populations

Trial ID

(trial de-

sign)

Interven-

tion(s)

and com-

parator(s)

Sample

size

Screened/

eligible

(N)

Ran-

domised

(N)

Safety (N) ITT

(N)

Finished

trial (N)

Ran-

domised

finished

trial (%)

Treatment

du-

ration (fol-

low-up)

Altuntas

2003

(parallel

RCT)

I: lispro - -/40 20 20 20 20 100 6 months

C: RHI 20 20 20 20 100

total: 40 40 40 40 100

Bastyr

2000

(parallel

RCT)

I: lispro - - 186 - - 156a 83.9 12 months

C: RHI 189 - - 161a 85.2

total: 375 - - 317 84.5

Dailey

2004

(paral-

lel non-in-

feriority

RCT)

I: glulisine - -/1186 - 435 435 407 - 26 weeks

C: RHI - 441 441 405 -

total: 878 876 876 812 92.5

Hermann

2013

(parallel

RCT)

I: aspart - - 18 - - 18b 100 24 months

C: RHI 11 - - 11b 100

total: 29 - - 29 100

NCT01650129

(parallel

RCT)

I: biphasic
insulin as-
part

- -/88 58 58 58 54 93 24 weeks

C: biphasic
human in-
sulin

26 25 25 24 96

total: 84 83 83 78 95

Pfützner

2013

(parallel

RCT)

I1: lispro - -/12 4 4 4 4b 100 6 months

I2:
glulisine

4 4 4 4b 100

C: RHI 4 4 4 4b 100

total: 12 12 12 12 100
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Table 1. Overview of trial populations (Continued)

Rayman

2007

(paral-

lel non-in-

feriority

RCT)

I: glulisine - -/1088 448 448 448 420 94 26 weeks

C: RHI 444 442 442 428 96

total: 892 890 890 848 95

Ross 2001

(paral-

lel non-in-

feriority

RCT)

I: lispro - - 70 - - - - 5.5 months
c

C: RHI 78 - - - -

total: 148 - - 143 97

Z012

1997

(paral-

lel non-in-

feriority

RCT)

I: lispro - - 72 - - 70 97 12 months

C: RHI 73 - - 71 97

total: 145 - - 141 97

Z014

1997

(paral-

lel non-in-

feriority

RCT)

I: lispro - - 73 - - 68 93 12 months

C: RHI 77 - - 71 92

total: 150 - - 139 93

Totals All inter-

ventions

1388

All com-

parators

1363

All inter-

ventions

plus com-

parators

2751

aThese numbers are based on what was reported in the original study report. According to the publication, only 25 participants dropped
out from the lispro study arm and 19 from the RHI

bNot explicitly reported, but assumed based on the number of participants presented in the figures and results section
cAccording to IQWIG 2005, no information provided on the duration in weeks; 5.5 months corresponds to a minimum of 23.6 weeks
and a maximum of 24.1 weeks
-: denotes not reported
C: comparator; I: intervention; ITT: intention-to-treat; RCT: randomised controlled trial; RHI: regular human insulin
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A P P E N D I C E S

Appendix 1. Search strategies

The Cochrane Library, MEDLINE Ovid, and Embase Ovid - run to April 2015

1 (Lyspro$ or Lispro$).ti,ab,ot.
2 (Lys$B28 or B28Lys$ or (lys$ adj1 B28)).ti,ab,ot.
3 (Pro$B29 or B29Pro$ or (pro$ adj1 B29)).ti,ab,ot.
4 humalog$.ti,ab,ot,tn.
5 133107-64-9.rn.
6 or/1-5
7 (insulin$ adj1 aspart$).ti,ab,ot.
8 (Asp$B28 or B28Asp$ or (asp$ adj1 B28)).ti,ab,ot.
9 (Novorapid$ or Novolog$).ti,ab,ot,tn.
10 116094-23-6.rn.
11 or/7-10
12 (Glulisin$ or Glulysin$).ti,ab,ot.
13 (Glu$B29 or B29Glu$ or (glu$ adj1 B29)).ti,ab,ot.
14 (Lys$B3 or B3Lys$ or (lys$ adj1 B3)).ti,ab,ot.
15 Apidra$.ti,ab,ot,tn.
16 207748-29-6.rn.
17 or/12-16
18 6 or 11 or 17
19 (insulin$ adj6 (analog$ or derivat$)).ti,ab,ot.
20 ((shortacting or fastacting or rapidacting) adj6 insulin$).ti,ab,ot.
21 ((short$ or fast$ or rapid$) adj1 acting adj6 insulin$).ti,ab,ot.
22 ((novel or new) adj6 insulin$).ti,ab,ot.
23 or/19-22
24 exp insulin/aa
25 Insulin Derivative/ or insulin aspart/ or insulin glulisine/ or insulin lispro/ or recombinant human insulin/ or short acting insulin/
or synthetic insulin/
26 or/24-25
27 23 or 26
28 exp Diabetes Mellitus/
29 diabet$.ti,ab,ot.
30 mellitu$.ti,ab,ot.
31 IDDM.ti,ab,ot.
32 MODY.ti,ab,ot.
33 NIDDM.ti,ab,ot.
34 (T1DM or T2DM or ((T1 or T2) adj1 DM)).ti,ab,ot.
35 (insulin$ depend$ or insulin?depend$ or noninsulin$ or noninsulin?depend$).ti,ab,ot.
36 ((matury or late) adj onset$ adj6 diabet$).ti,ab,ot.
37 (typ$ adj6 diabet$).ti,ab,ot.
38 or/30-37
39 exp Diabetes Insipidus/
40 insipid$.ti,ab,ot.
41 or/39-40
42 28 or 38
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(Continued)

43 42 or (29 not (41 not 42))
44 (18 or 27) and 43
45 44 use pmoz
46 44 use emed
47 44 use cctr
48 randomized controlled trial.pt.
49 controlled clinical trial.pt.
50 randomized.ab.
51 placebo.ab.
52 clinical trials as topic.sh.
53 randomly.ab.
54 trial.ti.
55 or/48-54
56 exp animals/ not humans.sh.
57 55 not 56
58 crossover procedure/
59 Double Blind Procedure/
60 Randomized Controlled Trial/
61 Single Blind Procedure/
62 random$.ti,ab.
63 factorial$.ti,ab.
64 (crossover$ or cross-over$).ti,ab.
65 placebo$.ti,ab.
66 (doubl$ adj blind$).ti,ab.
67 (singl$ adj blind$).ti,ab.
68 assign$.ti,ab.
69 allocat$.ti,ab.
70 volunteer$.ti,ab.
71 or/58-70
72 45 and 57
73 46 and 71
74 47 or 72 or 73

MEDLINE Ovid - run from January 2015

1. (lyspro* or lispro*).tw.
2. (lys?B28 or B28lys* or (lys* adj1 B28)).tw.
3. (pro?B29 or B29pro* or (pro* adj1 B29)).tw.
4. (humalog* or admelog or liprolog).tw.
5. (“LY 275585” or LY275585).tw.
6. or/1-5
7. (insulin* adj1 aspart*).tw.
8. (asp*B28 or B28asp* or (asp* adj1 B28)).tw.
9. (novorapid* or novolog*).tw.
10. or/7-9
11. (glulisin* or glulysin*).tw.
12. (glu?B29 or B29Glu* or (glu* adj1 B29)).tw.
13. (lys*B3 or B3lys* or (lys* adj1 B3)).tw.
14. apidra*.tw.
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(Continued)

15. “HMR 1964”.tw.
16. or/11-15
17. insulin aspart/ or insulin glulisine/ or insulin lispro/ or insulin, short-acting/
18. ((shortacting or fastacting or rapidacting) adj3 insulin*).tw
19. ((short* or fast* or rapid*) adj1 acting adj3 insulin*).tw
20. or/17-19
21. 6 or 10 or 16 or 20
22. exp Diabetes Mellitus, Type 2/
23. diabet*.tw.
24. (MODY or NIDDM or T2D* or (T2 adj1 DM)).tw.
25. or/22-24
26. 21 and 25
[Cochrane Handbook 2008 RCT filter - sensitivity maximizing version]
27. randomized controlled trial.pt.
28. controlled clinical trial.pt.
29. randomi?ed.ab.
30. placebo.ab.
31. drug therapy.fs.
32. randomly.ab.
33. trial.ab.
34. groups.ab.
35. or/27-31
36. exp animals/ not humans/
37. 35 not 36
38. 26 and 37
[Wong 2006a- systematic reviews filter - SensSpec version]
39. meta analysis.mp,pt. or review.pt. or search*.tw.
40. 26 and 39
41. 38 or 40
42. limit 41 to yr=“2015-Current”
43. remove duplicates from 42

Embase Ovid - run from January 2015

1. (lyspro* or lispro*).tw.
2. (lys?B28 or B28lys* or (lys* adj1 B28)).tw.
3. (pro?B29 or B29pro* or (pro* adj1 B29)).tw.
4. (humalog* or admelog or liprolog).tw.
5. (“LY 275585” or LY275585).tw.
6. or/1-5
7. (insulin* adj1 aspart*).tw.
8. (asp*B28 or B28asp* or (asp* adj1 B28)).tw.
9. (novorapid* or novolog*).tw.
10. or/7-9
11. (glulisin* or glulysin*).tw.
12. (glu?B29 or B29Glu* or (glu* adj1 B29)).tw.
13. (lys*B3 or B3lys* or (lys* adj1 B3)).tw.
14. apidra*.tw.
15. “HMR 1964”.tw.

73Short-acting insulin analogues versus regular human insulin for adult, non-pregnant persons with type 2 diabetes mellitus (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(Continued)

16. or/11-15
17. ((shortacting or fastacting or rapidacting) adj3 insulin*).tw
18. ((short* or fast* or rapid*) adj1 acting adj3 insulin*).tw
19. or/17-18
20. 6 or 10 or 16 or 19
21. non insulin dependent diabetes mellitus/
22. diabet*.tw.
23. (MODY or NIDDM or T2D* or (T2 adj1 DM)).tw.
24. or/21-23
25. 20 and 24
[Wong 2006b“sound treatment studies” filter - best optimization of sens. and spec. version]
26. random*.tw. or placebo*.mp. or double-blind*.tw.
27. 25 and 26
28. (2015* or 2016* or 2017*).dc.
29. 27 and 28
30. remove duplicates from 29

Cochrane Register of Studies Online (CRSO) - run 31 October 2018

1. (lyspro* or lispro*):TI,AB,KY
2. (lys?B28 or B28lys* or (lys* adj1 B28)):TI,AB,KY
3. (pro?B29 or B29pro* or (pro* adj1 B29)):TI,AB,KY
4. (humalog* or admelog or liprolog):TI,AB,KY
5. (“LY 275585” or LY275585):TI,AB,KY
6. #1 or #2 or #3 or #4 or #5
7. (insulin* adj1 aspart*):TI,AB,KY
8. (asp*B28 or B28asp* or (asp* adj1 B28)):TI,AB,KY
9. (novorapid* or novolog*):TI,AB,KY
10. #7 or #8 or #9
11. (glulisin* or glulysin*):TI,AB,KY
12. (glu?B29 or B29Glu* or (glu* adj1 B29)):TI,AB,KY
13. (lys*B3 or B3lys* or (lys* adj1 B3)):TI,AB,KY
14. apidra*:TI,AB,KY
15. “HMR 1964”:TI,AB,KY
16. #11 or #12 or #13 or #14 or #15
17. MESH DESCRIPTOR Insulin Aspart
18. MESH DESCRIPTOR Insulin Glulisine
19. MESH DESCRIPTOR Insulin Lispro
20. MESH DESCRIPTOR Insulin, Short-Acting
21. ((shortacting or fastacting or rapidacting) adj3 insulin*):TI,AB,KY
22. ((short* or fast* or rapid*) adj1 acting adj3 insulin*):TI,AB,KY
23. #17 or #18 or #19 or #20 or #21 or #22
24. #6 or #10 or #16 or #23
25. MESH DESCRIPTOR Diabetes Mellitus, Type 2 EXPLODE ALL TREES
26. diabet*:TI,AB,KY
27. (MODY or NIDDM or T2D* or (T2 adj1 DM)):TI,AB,KY
28. #25 or #26 OR #27
29. #24 and #28
30. 2015 TO 2017:YR
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31. #29 AND #30

ICTRP (advanced search) - run on 31 October 2018

diabet* AND lispro* OR
diabet* AND lyspro* OR
diabet* AND humalog* OR
diabet* AND admelog* OR
diabet* AND liprolog* OR
diabet* AND aspart OR
diabet* AND novorapid* OR
diabet* AND novolog* OR
diabet* AND glulisin* OR
diabet* AND glulysin* OR
diabet* AND apidra* OR
T2D* AND lispro* OR
T2D* AND lyspro* OR
T2D* AND humalog* OR
T2D* AND admelog* OR
T2D* AND liprolog* OR
T2D* AND aspart OR
T2D* AND novorapid* OR
T2D* AND novolog* OR
T2D* AND glulisin* OR
T2D* AND glulysin* OR
T2D* AND apidra*

ClinicalTrials.gov (expert search) - run on 31 October 2018

(lyspro OR lispro OR humalog OR admelog OR liprolog OR “LY 275585” OR “LY275585” OR aspart OR novorapid OR novolog
OR glulisine OR glulisin OR glulysine OR apidra OR “HMR 1964” OR “short acting insulin” OR “fast acting insulin” OR “rapid
acting insulin”) [TREATMENT] AND(diabetes OR diabetics OR MODY OR NIDDM OR T2D OR T2DM OR “T2 DM” )
[DISEASE] AND EXACT “Interventional” [STUDY-TYPES]

Appendix 2. Assessment of risk of bias

Risk of bias domains

1. Random sequence generation (selection bias due to inadequate generation of a randomised sequence)
For each included trial, we described the method used to generate the allocation sequence in sufficient detail to enable assessment of
whether it should produce comparable groups

• Low risk of bias: used computer-generated random numbers or a random number table. Drawing of lots, tossing a coin,
shuffling cards or envelopes, and throwing dice were adequate if an independent person, who was not otherwise involved in the
trial, performed this. We considered the use of the minimisation technique as equivalent to being random.

• Unclear risk of bias: insufficient information about the sequence generation process
• High risk of bias: the sequence generation method was non-random or quasi-random (e.g. sequence generated by odd or even
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(Continued)

date of birth; sequence generated by some rule based on date (or day) of admission; sequence generated by some rule based on
hospital or clinic record number; allocation by judgement of the clinician; allocation by preference of the participant; allocation
based on the results of a laboratory test or a series of tests; or allocation by availability of the intervention).
2. Allocation concealment (selection bias due to inadequate concealment of allocation prior to assignment) - assessment at trial level
For each included trial, we described the method used to conceal allocation to interventions prior to assignment, and we assessed
whether intervention allocation could have been foreseen in advance of, or during recruitment, or changed after assignment

• Low risk of bias: central allocation (including telephone, interactive voice-recorder, internet-based, and pharmacy-controlled
randomisation); sequentially numbered drug containers of identical appearance; sequentially numbered, opaque, sealed envelopes

• Unclear risk of bias: insufficient information about the allocation concealment
• High risk of bias: using an open random allocation schedule (e.g. a list of random numbers); assignment envelopes were used

without appropriate safeguards; alternation or rotation; date of birth; case record number; any other explicitly unconcealed
procedure
We also evaluated trial baseline data to incorporate assessment of baseline imbalance into the ’Risk of bias’ judgement for selection
bias (Corbett 2014; Egbewale 2014; Riley 2013). Chance imbalances may also affect judgements on the risk of attrition bias. In the
case of unadjusted analyses, we distinguished between trials we rated as at low risk of bias on the basis of both randomisation methods
and baseline similarity, and trials we judged as at low risk of bias on the basis of baseline similarity alone (Corbett 2014). We re-
classified judgements of unclear, low, or high risk of selection bias as specified in Appendix 4.
3. Blinding of participants and study personnel (performance bias due to knowledge of the allocated interventions by participants
and personnel during the trial)
We evaluated the risk of detection bias separately for each outcome (Hróbjartsson 2013). We noted whether endpoints were self-
reported, investigator-assessed, or adjudicated outcome measures

• Low risk of bias: blinding of participants and key study personnel was ensured, and it was unlikely that the blinding could have
been broken; no blinding or incomplete blinding, but we judged that the outcome was unlikely to have been influenced by lack of
blinding.

• Unclear risk of bias: insufficient information about the blinding of participants and study personnel; the trial did not address
this outcome

• High risk of bias: no blinding or incomplete blinding, and the outcome was likely to have been influenced by lack of blinding;
blinding of trial participants and key personnel attempted, but likely that the blinding could have been broken, and the outcome
was likely to be influenced by lack of blinding
4. Blinding of outcome assessment (detection bias due to knowledge of the allocated interventions by outcome assessment)
We evaluated the risk of detection bias separately for each outcome (Hróbjartsson 2013). We noted whether endpoints were self-
reported, investigator-assessed, or adjudicated outcome measures

• Low risk of bias: blinding of outcome assessment was ensured, and it was unlikely that the blinding could have been broken;
no blinding of outcome assessment, but we judged that the outcome measurement was unlikely to have been influenced by lack of
blinding.

• Unclear risk of bias: insufficient information about the blinding of outcome assessors; the trial did not address this outcome.
• High risk of bias: no blinding of outcome assessment, and the outcome measurement was likely to have been influenced by

lack of blinding; blinding of outcome assessment, but likely that the blinding could have been broken, and the outcome
measurement was likely to be influenced by lack of blinding.
5. Incomplete outcome data (attrition bias due to amount, nature, or handling of incomplete outcome data)
For each included trial, each outcome, or both, we described the completeness of data, including attrition and exclusions from the
analyses. We stated whether the trial reported attrition and exclusions, and the number of participants included in the analysis at
each stage (compared with the number of randomised participants per intervention or comparator groups). We also noted if the trial
reported the reasons for attrition or exclusion, and whether missing data were balanced across groups, or were related to outcomes.
We considered the implications of missing outcome data per outcome, such as high dropout rates (e.g. above 15%), or disparate
attrition rates (e.g. difference of 10% or more between trial arms)

• Low risk of bias: no missing outcome data; reasons for missing outcome data unlikely to be related to true outcome (for survival
data, censoring unlikely to introduce bias); missing outcome data balanced in numbers across intervention groups, with similar
reasons for missing data across groups; for dichotomous outcome data, the proportion of missing outcomes compared with observed
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event risk was not enough to have a clinically relevant impact on the intervention effect estimate; for continuous outcome data,
plausible effect size (mean difference or standardised mean difference) among missing outcomes was not enough to have a clinically
relevant impact on observed effect size; appropriate methods, such as multiple imputation, were used to handle missing data.

• Unclear risk of bias: insufficient information to assess whether missing data, in combination with the method used to handle
missing data, were likely to induce bias; the trial did not address this outcome.

• High risk of bias: reason for missing outcome data was likely to be related to true outcome, with either imbalance in numbers
or reasons for missing data across intervention groups; for dichotomous outcome data, the proportion of missing outcomes
compared with observed event risk was enough to induce clinically relevant bias in the intervention effect estimate; for continuous
outcome data, plausible effect size (mean difference or standardised mean difference) among missing outcomes was enough to
induce clinically-relevant bias in observed effect size; ’as-treated’ or similar analysis done with substantial departure of the
intervention received from that assigned at randomisation; potentially inappropriate application of simple imputation.
6. Selective reporting (reporting bias due to selective outcome reporting)
We assessed outcome reporting bias by integrating the results of the Appendix 7 ’Matrix of trial endpoints (publications and trial
documents)’ (Boutron 2014; Jones 2015; Mathieu 2009)), with those of the Appendix 8 ’High risk of outcome reporting bias
according to ORBIT classification’ (Kirkham 2010). This analysis formed the basis for the judgement of selective reporting

• Low risk of bias: the trial protocol was available and all of the trial’s pre-specified (primary and secondary) outcomes that were
of interest in the review had been reported in the pre-specified way; the study protocol was unavailable, but it was clear that the
published reports included all expected outcomes (ORBIT classification).

• Unclear risk of bias: insufficient information about selective reporting
• High risk of bias: not all of the trial’s pre-specified primary outcomes were reported; one or more primary outcomes were

reported using measurements, analysis methods, or subsets of the data (e.g. subscales) that were not pre-specified; one or more
reported primary outcomes were not pre-specified (unless clear justification for their reporting was provided, such as an unexpected
adverse effect); one or more outcomes of interest in the Cochrane Review were reported incompletely, so that we could not include
them in a meta-analysis; the trial report failed to include results for a key outcome that we would expect to have been reported for
such a trial (ORBIT classification).
7. Other bias

• Low risk of bias: the trial appeared to be free of other sources of bias.
• Unclear risk of bias: there was insufficient information to assess whether an important risk of bias existed; insufficient rationale

or evidence that an identified problem introduced bias.
• High risk of bias: the trial had a potential source of bias related to the specific trial design used; the trial had been claimed to

have been fraudulent; or the trial had some other serious problem.

Appendix 3. Selection bias decisions

Selection bias decisions for trials that reported unadjusted analyses: comparison of results obtained using method details

alone with results using method details and trial baseline informationa

Reported randomisation and

allocation concealment meth-

ods

Risk of bias judgement using

methods reporting

Information gained from

study characteristics data

Ris of bias using baseline in-

formation and methods re-

porting

Unclear methods Unclear risk Baseline imbalances present for
important prognostic variable
(s)

High risk
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Groups appear similar at base-
line for all important prognos-
tic variables

Low risk

Limited or no baseline details Unclear risk

Would generate a truly random
sample, with robust allocation
concealment

Low risk Baseline imbalances present for
important prognostic variable
(s)

Unclear riskb

Groups appear similar at base-
line for all important prognos-
tic variables

Low risk

Limited baseline details, show-
ing balance in some important
prognostic variablesc

Low risk

No baseline details Unclear risk

Sequence is not truly ran-
domised, or allocation conceal-
ment is inadequate

High risk Baseline imbalances present for
important prognostic variable
(s)

High risk

Groups appear similar at base-
line for all important prognos-
tic variables

Low risk

Limited baseline details, show-
ing balance in some important
prognostic variablesc

Unclear risk

No baseline details High risk

aTaken from Corbett 2014; judgements highlighted in bold indicate situations in which the addition of baseline assessments would
change the judgement about risk of selection bias, compared with using methods reporting alone.
bImbalance identified that appears likely to be due to chance.
cDetails for the remaining important prognostic variables are not reported
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Appendix 4. Description of interventions

Trial ID Intervention(s) Comparator(s)

Altuntas 2003 Insulin lispro immediately before meal. NPH insulin
before bedtime; target value for the 2-hr postprandial
glucose levels: 160 mg/dL (8.9 mmol/L)

RHI 30 to 45 min before meal. NPH insulin before
bedtime; target value for the 2-hr postprandial glucose
levels: 160 mg/dL (8.9 mmol/L)

Bastyr 2000 Insulin lispro: within 15 min of the meal. NPH human
insulin and ultralente human insulin once or twice daily
as basal insulin
Glycaemic targets: fasting blood glucose values < 7.8
mmol/L (< 140 mg/dL) without hypoglycaemia and
maintenance of 2-hr postprandial glucose values < 10
mmol/L (< 180 mg/dL)

Regular human insulin: 30 to 45 min before the meal.
NPH human insulin and ultralente human insulin once
or twice daily as basal insulin
Glycaemic targets: fasting blood glucose values < 7.8
mmol/L (< 140 mg/dL) without hypoglycaemia and
maintenance of 2-hr postprandial glucose values < 10
mmol/L (< 180 mg/dL)

Dailey 2004 Subcutaneous injections of insulin glulisine 0 to 15 min-
utes before breakfast and dinner + twice-daily injections
of NPH insulin. Continuation of OADs permitted at
stable dose
Glycaemic targets: 2-hr postprandial: 6.7 to 8.9 mmol/
L; preprandial: 5.0 to 6.7 mmol/L

Subcutaneous injections of RHI 30 to 45 minutes before
breakfast and dinner + twice-daily injections of NPH
insulin. Continuation of OADs permitted at stable dose
Glycaemic targets: 2-hr postprandial: 6.7 to 8.9 mmol/
L; preprandial: 5.0 to 6.7 mmol/L

Hermann 2013 Insulin aspart: before each meal by pre-filled syringe;
initial dose 8 IU, then titrated to < 140 mg/dL blood
glucose postprandial
Insulin Detemir (only some participants): initial dose of
8 IU was treated to < 110 mg/dL, fasting blood glucose
in the morning after dose titration of insulin aspart

RHI: before each meal by pre-filled syringe; initial dose
8 IU, then titrated to < 140 mg/dL blood glucose post-
prandial
Insulin Detemir (only some participants): initial dose of
8 IU was titrated to < 110 mg/dL, fasting blood glucose
in the morning after dose titration of RHI

NCT01650129 Biphasic insulin aspart 50: 100 U/mL injected sc in a
twice-daily regimen (immediately before breakfast and
dinner). The dosage was adjusted throughout the trial by
the investigator, based on the participant’s blood glucose.
Blood glucose targets not reported

Biphasic human insulin 50/50: 100 U/ml injected sc
in a twice-daily regimen (30 minutes before breakfast
and dinner). The dosage was adjusted throughout the
trial by the investigator, based on the participant’s blood
glucose. Blood glucose targets not reported

Pfützner 2013 I1: insulin aspart: bolus injections before each main
meal; blood glucose level of 2-hr PPG ≤ 135 mg/dL
I2: insulin glulisine: bolus injections before each main
meal; blood glucose level of 2-hr PPG ≤ 135 mg/dL
Both groups: insulin Glargine ± metformin as basal ther-
apy

RHI: bolus injections before each main meal; blood glu-
cose level of 2-hr PPG ≤ 135 mg/dL
Insulin Glargine ± metformin as basal therapy

Rayman 2007 Insulin glulisine (pen) at least twice daily before breakfast
and dinner, in addition to NPH insulin twice daily with
or without OADs
Treatment target insulin glulisine: blood glucose 2-hr
postprandial 120 to 160 mg/dL (6.7 to 8.9 mmol/L)
Treatment target NPH insulin: average preprandial
blood glucose 90 to 120 mg/dL (5.0 to 6.7 mmol/L)

RHI (pen) at least twice daily before breakfast and din-
ner, in addition to NPH insulin twice daily with or with-
out OADs
Treatment target RHI: blood glucose 2-hr postprandial
120 to 160 mg/dL (6.7 to 8.9 mmol/L)
Treatment target NPH insulin: average preprandial
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OAD continued at a stable dose blood glucose 90 to 120 mg/dL (5.0 to 6.7 mmol/L)
OAD continued at a stable dose

Ross 2001 Insulin lispro and NPH insulin at least twice daily, im-
mediately before breakfast and supper (recommended
injection site: abdomen, by syringe or pen). Blood glu-
cose target: 2-hr postprandial 8.9 mmol/L

RHI and NPH insulin at least twice daily 30 to 45 min-
utes before breakfast and supper (recommended injec-
tion site: abdomen, by syringe or pen). Blood glucose
target: 2-hr postprandial 8.9 mmol/L

Z012 1997 Insulin lispro before every meal; Ultralente 1 to 2 times
a day
Blood glucose targets: preprandial: < 140 mg/dL; post-
prandial (2 hr): < 180 mg/dL

RHI before every meal; Ultralente 1 to 2 times a day.
Blood glucose targets: preprandial: < 140 mg/dL; post-
prandial (2 hr): < 180 mg/dL

Z014 1997 Insulin lispro before every meal; NPH 1 to 2 times a day
Blood glucose targets: preprandial: < 140 mg/dL; post-
prandial (2 hr): < 180 mg/dL

RHI before every meal
Blood glucose targets: preprandial: < 140 mg/dL; post-
prandial (2 hr): < 180 mg/dL

C: comparator; FBG: fasting blood glucose; I: intervention; IU: international units; NPH: neutral protamine Hagedorn insulin;
OAD: oral antidiabetic drugs; PPG: postprandial glucose; RHI: regular human insulin; sc: subcutaneous injections

Appendix 5. Baseline characteristics (I)

Trial ID Interven-

tion(s) and

comparator

(s)

Duration

of interven-

tion

Descrip-

tion of par-

ticipants

Trial period

(year to

year)

Country Setting Ethnic

groups (%)

Duration of

diabetes

(mean years

(SD))

Altuntas

2003

I: insulin
lispro

6 months Insulin
naive partic-
ipants with
type 2 di-
abetes with
OAD failure

- Turkey - - 6

C: RHI 10

Bastyr 2000 I: insulin
lispro

12 months Adults par-
tic-
ipants with
type 2 di-
abetes who
had started
insulin ther-
apy within
the last two
months

1993-1994 USA,
Europe,
Canada,
South Africa

Multicentre Clini-

cal trial par-

ticipants:

White: 76
North
Americans:
73
Sub-
set of clinical
trial partic-
ipants who

8
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completed
HRQoL:

White: 79
North
Americans:
100C: RHI 8

Dailey

2004

I: insulin
glulisine

26 weeks Partic-
ipants with
type 2 di-
abetes who
had been on
insulin treat-
ment
for at least 6
months

- Australia,
Canada,
USA

Multicentre White: 86
Black: 11
Asian: 2
Multieth-
nic: 2
Hispanic: 8

15 (8)

C: RHI White: 85
Black: 12
Asian: 2
Multieth-
nic: 1
Hispanic: 6

13 (8)

Hermann

2013

I: insulin as-
part

24 months Insulin
naive type 2
diabetic par-
tic-
ipants who
have been
treated with
oral antidia-
betic medi-
cation

- Germany Multicentre - -

C: RHI - -

NCT01650129
I:
biphasic in-
sulin aspart
50

24 weeks Partic-
ipants with
type 2 di-
abetes who
had been on
insulin treat-
ment for at
least 24
weeks

2001 Japan Multicentre - -

C:
biphasic hu-
man insulin
50/50

- -

Pfützner

2013

I1: insulin
aspart

6 months Participants
with type 2
diabetes

- Germany - - -

I2: insulin
glulisine

- -

C: RHI - -
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Rayman

2007

I: insulin
glulisine

26 weeks Partic-
ipants with
type 2 di-
abetes who
had been on
insulin treat-
ment
for at least 6
months

2001-2003 Multina-
tional study
in 22 coun-
tries (Eu-
rope, Ocea-
nia, Argen-
tinia, South
Africa,
Israel)

Multicentre -a 14 (8)

C: RHI -a 13 (7)

Ross 2001 I: insulin
lispro

5.5 months Insulin
naive partic-
ipants with
type 2 di-
abetes after
failure to re-
spond
to sulphony-
lurea

- Canda - - 11 (8)

C: RHI - 11 (7)

Z012 1997 I: insulin
lispro

12 months Partic-
ipants with
type 2 di-
abetes who
have been
on insulin
therapy
for at least 2
months

1992-1993 USA, South
Africa, Bel-
gium,
Canada

Multicentre,
outpatient

- 11

C: RHI - 12

Z014 1997 I: insulin
lispro

12 months Partic-
ipants with
type 2 di-
abetes who
have been
on insulin
therapy
for at least 2
months

1992-1993 USA, South
Africa, Bel-
gium,
Canada

Multicentre,
outpatient

- 14

C: RHI - 12

aMore Hispanic participants in the RHI group
-: denotes not reported
C: comparator; HRQoL: health-related quality of life questionnaire; I: intervention; OAD: oral antidiabetic drug; SD: standard
deviation
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Appendix 6. Baseline characteristics (II)

Trial ID Intervention

(s) and

comparator

(s)

Sex

(female %)

Age

(mean years

(SD))

HbA1c

(mean %

(SD))

BMI

(mean kg/m²

(SD))

Co-medica-

tions, Co-in-

terventions

(% of partici-

pants)

Comorbidi-

ties

(% of partici-

pants)

Altuntas

2003

I: insulin
lispro

- 55 (34) 9.4 (1.5) 31 (-) - -

C: RHI - 55 (34) 9.6 (1.4)a 31 (-) - -

Bastyr 2000 I: insulin
lispro

43 55 (-) 9.5 (1.9)b 28 (-) - -

C: RHI 44 57 (-) 9.6 (1.8)b 28 (-) - -

Dailey 2004 I: insulin gluli-
sine

44 59 (10) 7.6 (0.9) 35 (7) - -

C: RHI 50 58 (10) 7.5 (1.0) 35 (7) - -

Hermann

2013

I: insulin as-
part

27 58 (12) 8.7 (1.6) 31.5 (5.8) - -

C: RHI 44 60 (9) 8.7 (1.6) 32.8 (4.8) - -

NCT01650129
I: biphasic in-
sulin aspart 50

41 60 (11) 7.8 (1.2) 23 (3) - -

C: biphasic
human insulin
50/50

20 60 (10) 7.5 (1.6) 23 (3) - -

Pfützner

2013

I1: insulin as-
part

9 64 (9) 7.1 (0.6) 32 (5) - -

I2: insulin
glulisine

- -

C: RHI - -

Rayman

2007

I: insulin gluli-
sine

52 60 (9) 7.6 (0.9) 32 (5)c Short-acting
insulin: 72
Basal insulin:
60
Mixture
insulin: 11
OAD: 34

-
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C: RHI 49 60 (10) 7.5 (0.9) 31 (5) Short-acting
insulin: 70
Basal insulin:
63
Mixture
insulin: 13
OAD: 34

-

Ross 2001 I: insulin
lispro

63 59 (8) 10.7 (1.7) 28 (8) - Retinopathy:
11
Neuropathy:
32
Hyperten-
sion and pe-
ripheral vascu-
lar disease: 11C: RHI 62 58 (9) 10.6 (1.6) 27 (9) -

Z012 1997 I: insulin
lispro

56 50 (-) 8.7 (1.5) 29 (-) - -

C: RHI 57 44 (-) 8.8 (1.8) 28 (-) - -

Z014 1997 I: insulin
lispro

56 48 (-) 8.8 (1.4) 28 (-) - -

C: RHI 55 51 (-) 9.0 (1.6) 29 (-) - -

a Inconsistency in reporting of HbA1c value between table and text in publication
b Measurement 2 weeks after randomisation
c According to IQWIG 2005: 31(5), difference possibly due to rounding
-: denotes not reported
BMI: body mass index; C: comparator; HbA1c: glycosylated haemoglobin A1c; I: intervention; OAD: oral antidiabetic drugs; SD:
standard deviation; SU: sulphonylurea drugs

Appendix 7. Matrix of study endpoints (trial documents)

Trial ID Endpoints quoted in trial

document(s)

(ClinicalTri-

als.gov, FDA/EMA docu-

ment, man-

ufacturer’s website, pub-

lished design paper)a

Trial results available in

trial register

Yes/No

Endpoints quoted in

publication(s)b,c

Endpoints quoted in ab-

stract of publication(s)b,c
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Altuntas 2003 Source: IQWiG report
A05-04d

Primary outcome mea-

sure(s): -

N/A Primary outcome mea-

sure(s): -
Primary outcome mea-

sure(s): -

Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -

Other outcome measure

(s): hypoglycaemia; AEs;
HbA1c

Other outcome measure

(s): HbA1c; HDL; LDL;
triglycerides; total choles-
terol; 1 hr- and 2 hr-PPG;
FPG; BMI; overall hypo-
glycaemia

Other outcome measure

(s):
HbA1c; FPG;
PPG; triglycerides; serious
hypoglycaemia; overall hy-
poglycaemia

Bastyr 2000 Source: IQWiG report
A05-04d

Primary outcome mea-

sure(s): uncleare

N/A Primary outcome mea-

sure(s): overall metabolic
control; hypoglycaemia

Primary outcome mea-

sure(s): -

Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): HRQoL
Secondary outcome mea-

sure(s): -

Other outcome measure

(s): hypoglycaemia;
HRQoL; AEs; HbA1c

Other outcome measure

(s):
Other outcome measure

(s): nocturnal hypogly-
caemia;

Dailey 2004 Source: IQWiG report
A05-04d

Primary outcome mea-

sure(s): HbA1c

N/A Primary outcome mea-

sure(s): HbA1c
Primary outcome mea-

sure(s): -

Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -

Other

outcome measure(s): hy-
poglycaemia (overall, noc-
turnal, severe); AEs; treat-
ment satisfaction

Other outcome measure

(s): hypoglycaemia (symp-
tomatic, nocturnal, severe)
; SMBG; insulin dose,
OAD use; AEs; insulin an-
tibodies

Other outcome measure

(s): HbA1c;
PPG; symptomatic hypo-
glycaemia; weight gain; in-
sulin dose

Hermann 2013 Source: N/T Primary outcome mea-

sure(s): -
Primary outcome mea-

sure(s): -

Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -
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Other outcome

measure(s): HbA1c; BMI;
waist circumference; FPG;
lipids; Adiponectin serum
levels; insulin dose; hypo-
glycaemia

Other outcome measure

(s): BMI; FPG; lipids;
Adiponectin serum levels;
insulin dose;

NCT01650129 Source: NCT01650129;
BIAsp-1352 study
synopsis
Primary outcome mea-

sure(s): HbA1c

No Primary outcome mea-

sure(s): no publication
available

Primary outcome mea-

sure(s): no publication
available

Secondary outcome mea-

sure(s): AEs; blood glu-
cose; hypoglycaemia; in-
sulin antibodies; insulin
doses; haematology; bio-
chemistry

Secondary outcome mea-

sure(s): no publication
available

Secondary outcome mea-

sure(s): no publication
available

Other outcome measure

(s): -
Other outcome measure

(s): no publication avail-
able

Other outcome measure

(s): no publication avail-
able

History of changes: 1 documented change; last change 22 February 2017

Pfützner 2013 Source: NCT01417897;
EUCTR2011-003733-
34-DE
Primary outcome mea-

sure(s): nitrotyrosine

No Primary outcome mea-

sure(s): no full-text publi-
cation available

Primary outcome mea-

sure(s):

Secondary

outcome measure(s): skin
blood flow; mRNA expres-
sion of pro-inflammatory
cytokines; insulin; HbA1c;
FBG; hypoglycaemia; in-
tact proinsulin

Secondary outcome mea-

sure(s): no full-text publi-
cation available

Secondary outcome mea-

sure(s):

Other outcome measure

(s): -
Other outcome measure

(s): no full-text publica-
tion available

Other outcome measure

(s): Inflammation and ox-
idative stress biomarkers;
HbA1c

History of changes: 2 documented change; last change 2 March 2012
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Rayman 2007 Source: IQWiG report
A05-04d

www.iqwig.de/download/
A05-04 Abschlussbericht
Kurzwirksame
Insulinanaloga bei Typ
2 Diabetes mellitus.pdf
Primary outcome mea-

sure(s): HbA1c

N/A Primary out-

come measure(s): HbA1c
at study end; safety param-
eters (AEs, clinical chem-
istry; lipids; haematology)

Primary outcome mea-

sure(s): -

Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): HbA1c at week 12
and week 26;
SMBG; symptomatic hy-
poglycaemia; insulin dose

Secondary outcome mea-

sure(s): -

Other

outcome measure(s): hy-
poglycaemia (overall, noc-
turnal, severe); AEs; treat-
ment satisfaction

Other outcome measure

(s): -
Other outcome measure

(s): HbA1c; PPG; hypo-
glycaemia (symptomatic;
nocturnal)

Ross 2001 Source: IQWiG report
A05-04d

Primary outcome mea-

sure(s): -

N/A Primary outcome mea-

sure(s): -
Primary outcome mea-

sure(s): -

Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -

Other outcome measure

(s): hypoglycaemia (over-
all, nocturnal); HRQoL;
HbA1c

Other outcome measure

(s): PPG; in-
sulin dose; HbA1c; hypo-
glycaemia (overall, noctur-
nal); body weight; blood
pressure; HRQoL

Other outcome measure

(s): PPG; HbA1c; hypo-
glycaemia (overall, noctur-
nal); HRQoL

Z012 1997 Source: IQWiG report
A05-04d

Primary outcome mea-

sure(s): uncleare

N/A Primary outcome mea-

sure(s): -
Primary outcome mea-

sure(s): -

Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -

Other outcome measure

(s): hypoglycaemia; AEs;
HbA1c

Other outcome measure

(s): PPG; hypogly-
caemia; HbA1c; FPG; in-
sulin dose; AEs

Other outcome measure

(s): PPG; HbA1c
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Z014 1997 Source: IQWiG report
A05-04d

Primary outcome mea-

sure(s): uncleare

N/A Primary outcome mea-

sure(s): -
Primary outcome mea-

sure(s): -

Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -
Secondary outcome mea-

sure(s): -

Other outcome measure

(s): hypoglycaemia; AEs;
HbA1c

Other outcome measure

(s): PPG; hypogly-
caemia; HbA1c; FPG; in-
sulin dose; AEs

Other outcome measure

(s): PPG; HbA1c

aTrial document(s) refers to all available information from published design papers and sources other than regular publications (e.g.
FDA/EMA documents, manufacturer’s websites, trial registers)
bPublication(s) refers to trial information published in scientific journals (primary reference, duplicate publications, companion
documents or multiple reports of a primary trial)
cPrimary and secondary outcomes refer to verbatim specifications in publication/records. Other outcome measures refer to all outcomes
not specified as primary or secondary outcome measures
d Information from IQWiG report based on unpublished manufacturer´ s clinical study reports
eAccording to IQWiG report 2005 conflicting informations from the study report: PPG was mentioned as primary endpoint, but
power calculation was based on HbA1c, FBG and hypoglycaemia
-: denotes not reported
AE: adverse events; BMI: body mass index; FPG: fasting plasma glucose; HbA1c: glycosylated haemoglobin A1c; HDL: high density
lipoprotein; HRQoL: health related quality of life; LDL: low density lipoprotein; N/A: not applicable; N/T: no trial document
available; OAD: oral antidiabetic drug; PPG: postprandial glucose; SAE: serious adverse events; SMBG: self-measured blood glucose

Appendix 8. High risk of outcome reporting bias according to ORBIT classification

Trial ID Outcome High risk of bias

(category A)a
High risk of bias

(category D)b
High risk of bias

(category E)c
High risk of bias

(category G)d

Altuntas 2003 All-cause mortality No Yes No No

Severe hypogly-
caemic episodes

No Yes No No

All hypoglycaemic
episodes

Yes No No No

Other adverse events No Yes No No

Bastyr 2000 All-cause mortality No No Yes No
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Severe hypogly-
caemic episodes

No No No Yes

All hypoglycaemic
episodes

No No Yes No

HbA1c No No Yes No

Health-related qual-
ity of life

No Yes No No

Dailey 2004 N/A

Hermann 2013 All-cause mortality No No Yes No

Severe hypogly-
caemic episodes

No No No Yes

NCT01650129 N/Ae

Pfützner 2013 All-cause mortality No No Yes No

Severe hypogly-
caemic episodes

No Yes No No

All hypoglycaemic
episodes

No Yes No No

Rayman 2007 N/A

Ross 2001 Severe hypogly-
caemic episodes

No Yes No No

Other adverse events No No No Yes

Z012 1997 All-cause mortality No Yes No No

Severe hypogly-
caemic episodes

No Yes No No

Other adverse events Yes No No No

Z014 1997 All-cause mortality No Yes No No

Severe hypogly-
caemic episodes

No Yes No No

Other adverse events Yes No No No
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aClear that outcome was measured and analysed; trial report states that outcome was analysed but reports only that result was not
significant
(Classification A, table 2, Kirkham 2010)
bClear that outcome was measured and analysed; trial report states that outcome was analysed but report no results
( Classification D, table 2, Kirkham 2010)
cClear that outcome was measured but was not necessarily analysed; judgement says likely to have been analysed but not reported
because of non-significant results
(Classification E, table 2, Kirkham 2010)
dUnclear whether outcome was measured; not mentioned, but clinical judgement says likely to have been measured and analysed but
not reported on the basis of non-significant results
(Classification G, table 2, Kirkham 2010)
eNone of the data have been published, therefore assessment of risk of outcome reporting bias is not applicable
N/A: not applicable; HbA1c: glycosylated haemoglobin A1c; ORBIT: Outcome Reporting Bias In Trials

Appendix 9. Definition of endpoint measurement (I)

Trial ID All-cause mortality Macrovascular

complications

Microvascular

complications

Severe

hypoglycaemia

HbA1c

Altuntas 2003 N/I N/I N/I N/I ND

Bastyr 2000 N/D N/I N/I ND ND

Dailey 2004 N/D N/I N/I Severe: symptomatic
hy-
poglycaemia requir-
ing assistance from
another person and
confirmed by blood
glucose < 2.0 mmol/
L or associated with
prompt recovery fol-
lowing oral carbo-
hydrate, intravenous
glucose, or glucagon
administration

ND

Hermann 2013 N/I N/I N/I N/I ND

NCT01650129 N/D N/I N/I Major A: requiring
third party assistance
Major B: requiring
treatment interven-
tion with glucagon
or IV glucose

ND
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Pfützner 2013 N/I N/I N/I N/I ND

Rayman 2007 N/D N/I N/I Severe: symp-
toms and requiring
assistance by another
person and BG < 36
mg/dL (2.0 mmol/
L) or prompt recov-
ery with oral car-
bohydrate or glucose
IV or glucagon
Severe noctur-
nal: symptoms and
requiring assistance
by another person
and BG < 36 mg/
dL (2.0 mmol/L)
or prompt recovery
with oral carbohy-
drate or glucose IV,
or glucagon occur-
ring between bed-
time and rising in the
morning
SAE: hypoglycaemia
also fulfilling at least
one criteria of a SAE

ND

Ross 2001 N/I N/I N/I N/I ND

Z012 1997 N/D N/I N/I N/D

Z014 1997 N/D N/I N/I N/D ND

BG: blood glucose; HbA1c: glycosylated haemoglobin A1c; N/D: not defined; N/I: not investigated; SAE: serious adverse events;IV:
intravenous; BG: blood glucose

Appendix 10. Definition of endpoint measurement (II)

Trial ID Adverse events: hypogly-

caemia

Other adverse events Health-related quality of

life

Socioeconomic effects

Altuntas 2003 All: any time a participant
had symptoms associated
with hypoglycaemia or a
BG level < 3.3 mmol/L

N/I N/I N/I
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Nocturnal: N/D

Bastyr 2000 All: (1) any time a partici-
pant felt he or she was ex-
periencing signs or symp-
toms that he or she associ-
ated with hypoglycaemia;
or (2) had a blood glucose
measurement < 3.5 mmol/
L (63 mg/dL), even if it was
not associated with signs,
symptoms, or treatment
Nocturnal: occurred be-
tween midnight and 6:00
a.m.

N/I Diabetes Quality of Life
Clinical Trial Questionnaire
(DQLCTQ)

N/I

Dailey 2004 Symptomatic: an event
with clinical symptoms
resulting from hypogly-
caemia
Noctur-
nal symptomatic: symp-
tomatic hypoglycaemia oc-
curring while the partici-
pant was asleep (between
bedtime and rising in the
morning)

N/I N/I N/I

Hermann 2013 N/D N/I N/I N/I

NCT01650129 N/D N/I N/I N/I

Pfützner 2013 N/I N/I N/I N/I

Rayman 2007 All: symptoms considered
to have resulted from hy-
poglycaemia
Noctur-
nal: symptoms considered
to have resulted from hy-
poglycaemia occurring be-
tween bedtime and rising
in the morning

N/I N/I N/I

Ross 2001 All: blood glucose value
less than 3 mmol/L or
the development of ’typi-
cal’ hypoglycaemic symp-
toms
Severe: any hypoglycaemic

N/I Dia-
betes quality of life (DQOL)
questionnaire developed for
the DCCT: 4 subscales: sat-
isfaction, impact, social or

N/I
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event requiring assistance
by another person, coma,
or seizure

vocational worry, diabetes-
related worry

Z012 1997 All: sign or symptom
normally associated with
hypoglycaemia, or blood
glucose value below 2.0
mmol/L (< 36 mg/dL)
As part of safety assess-
ment: number of people
with glucagon injection by
another person, coma due
to hypoglycaemia, and IV
glucose injection

N/I N/I N/I

Z014 1997 All: sign or symptom
normally associated with
hypoglycaemia, or blood
glucose value below 2.0
mmol/L (< 36 mg/dL)
As part of safety assess-
ment: number of people
with glucagon injection by
another person, coma due
to hypoglycaemia, and IV
glucose injection

N/I N/I N/I

BG: blood glucose; DCCT: Diabetes Control and Complications Trial; EQ-5D-3L: Euro Q5 Questionnaire 3 level version; HbA1c:
glycosylated haemoglobin A1c; ICER: incremental cost-effectiveness ratio; N/D: not defined; N/I: not investigated; QALY: quality-
adjusted life year; VAS: visual analogue scale

Appendix 11. Adverse events (I)

Trial ID Interven-

tion(s) and

comparator

(s)

Ran-

domised /

safety (N)

Deaths

(n/N)

All adverse

events

(n/N (%))

Severe, seri-

ous adverse

events

(n/N (%))

Attrition

due to ad-

verse events

(n/N (%))

All hypo-

glycaemic

episodes (n/

N (%))

Se-

vere hypo-

glycaemic

episodes (n/

N (%))

Altuntas

2003

I: insulin
lispro

20 - - - 0/20 - -

C: RHI 20 - - - 0/20 - -
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Bastyr 2000 I: insulin
lispro

186 2/186 - 2/186 (1)a 3/186 (2) -b -c

C: RHI 189 0/189 - 0/189 (0)a 4/189 (2) -b -c

Dailey

2004

I: insulin
glulisine

-/435 1/435 358/435
(82)

55/435 (13) 5/435 (1) 317/435
(73)d

6/416 (1)d,e

C: RHI -/441 2/441 351/441
(80)

51/441 (12) 6/441 (1) 322/441
(73)d

5/420 (1)d,e

all: 878f /876 3/876 709/876
(81)

106/876
(12)

11/876 (1) 639/876
(73)d

11/836d,e

Hermann

2013

I: insulin as-
part

18 -g - - -h -i -

C: RHI 11 -g - - -h -i -

NCT01650129
I:
biphasic in-
sulin aspart
50

58 0/58 53/58 (91) 5/58 (9) 2/58 (3) 40/58 (69) 2/58 (3)j

C:
biphasic hu-
man insulin
50/50

26f /25 0/25 22/25 (88) 1/25 (4) 1/25 (4) 16/25 (64) 1/25 (4)

Pfützner

2013

I1: insulin
aspart

4 -g - - - - -

I2: insulin
glulisine

4 -g - - - - -

C: RHI 4 -g - - - - -

Rayman

2007

I: insulin
glulisine

448 2/448 260/448
(58)

43/448 (10)
k

9/448 (2) 140l /-m (33) 6/-n (1)

C: RHI 444o/442 1/442 260/442
(59)

52/442 (12)
k

3/442 (1) 144l /-m (33) 14/-n (3)

All 892/890 3/890 520/890
(58)

95/890 (11)
k

12/890 (1) 284/- (33) 20/- (-)

Ross 2001 I: insulin
lispro

70 - - - 1/148 (1) - -
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C: RHI 78 - - - - -

Z012 1997 I: insulin
lispro

72 0/72 - 0/72 (0) 0/72 (0) -p -q

C: RHI 73 0/73 - 0/73 (0) 1/73 (1) -p -q

Z014 1997 I: insulin
lispro

73 0/73 - 3/73 (4) 3/73 (4) -r -s

C: RHI 77 0/77 - 0/77 (0) 3/77 (4) -r -s

aExcluding hyper- and hypoglycaemic events
bEvents/participant/30 days (mean ± standard deviation) at study end: 0.9 ± 2.1 (lispro) vs 0.8 ± 1.9 (RHI); P = 0.39
cInconsistent with other numbers presented in the same table in NCT01650129
dBased on author’s response in IQWIG 2005
eOnly for the period month 4 to study end
f One participant did not receive treatment
gNot explicitly reported, but likely zero
hNot explicitly reported, but the results sections leads us to assume that there were no dropouts
iNumber of participants with up to three episodes per year: aspart: 5/18, RHI: 3/11
j RHI: coma: 2 participants; IV glucose: 1 participant, glucagon: 1 participant; lispro: coma: 0 participants, IV glucose: 1 participant,
glucagon: 1 participant
kInconsistent with information from IQWIG 2005: serious adverse events (other than severe hypo- and hyperglycaemia): 38 (8.5%)
and 40 (9.0%); adding the number of serious hypoglycaemia (6 and 14) to these numbers results in a higher number than what was
reported in Rayman 2007
lMonths 4 to 6 only, according to IQWIG 2005, 226 (glulisine) and 240 (RHI) participants with at least one episode over a period
of 6 months
mThe number of participants presented in table 4 of the publication cannot be correct (Rayman 2007)
nAccording to IQWIG 2005, the total number of participants should be 448 and 442 (deducted from percentage numbers presented
in the original study report), but in the same table, it is also reported that there are 21 and 8 missing values
oTwo participants did not receive treatment
pEvents/participant/30 days (mean ± standard deviation) at study end: 2.1 ± 3.2 (lispro) vs 2.5 ± 4.6 (RHI); P = 0.51
qRHI: coma: 1 participant; IV glucose: 2 participants, glucagon: 0 participants; lispro: coma: 1 participant, IV glucose: 2 participants,
glucagon: 0 participants
rEvents/participant/30 days (mean ± standard deviation) at study end: 0.8 ± 2.3 (lispro) vs 0.8 ± 2.1 (RHI); P = 0.65
sRHI: coma: 2 participants; IV glucose: 1 participant, glucagon: 0 participants; lispro: coma: 1 participant, IV glucose: 1 participant,
glucagon: 0 participants
-: denotes not reported
C: comparator; I: intervention; RHI: regular human insulin; IV: intravenous
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Appendix 12. Adverse events (II)

Trial ID Intervention(s)

and

comparator(s)

Randomised /

safety (N)

Hypoglycaemic

episodes, severe

nocturnal (n/N

(%))

Hypoglycaemic

episodes, SAE

(n/N (%))

Hypoglycaemic

episodes, noc-

turnal (n/N (%)

)

Hypergly-

caemic/ketoaci-

dotic episodes

(n/N (%))

Altuntas 2003 I: insulin lispro 20 - - - -

C: RHI 20 - - - -

Bastyr 2000 I: insulin lispro 186 - - - 3/186 (2)

C: RHI 189 - - - 3/189 (2)

Dailey 2004 I: insulin gluli-
sine

-/435 - - 89/416a,b -

C: RHI -/441 - - 103/420a,b -

All 878c/876 - - 192/836a,b -

Hermann 2013 I: insulin aspart 18 - - - -

C: RHI 11 - - - -

NCT01650129 I: biphasic in-
sulin aspart 50

58 - - - -

C: biphasic hu-
man insulin 50/
50

26 - - - -

Pfützner 2013 I1: insulin aspart 4 - - - -

I2: insulin gluli-
sine

4 - - - -

C: RHI 4 - - - -

Rayman 2007 I: insulin gluli-
sine

448 3/-d (1) - 95/-d (21) -

C: RHI 444c/442 5/-d (1) - 100/-d (23) -

Ross 2001 I: insulin lispro 70 - - - -

C: RHI 78 - - - -

Z012 1997 I: insulin lispro 72 - - - 0/72 (0)
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C: RHI 73 - - - 1/73 (1)

Z014 1997 I: insulin lispro 73 - - - 1/73 (1)

C: RHI 77 - - - 1/77 (1)

aBased on author’s response in IQWIG 2005
bOnly for the period month 4 to study end
cTwo participants not exposed to treatment
dAccording to IQWIG 2005, the total number of participants should be 448 and 442 (deducted from percentage numbers presented
in the original study report), but in the same table it is also reported that there are 21 and 8 missing values
-: denotes not reported
C: comparator; I: intervention; RHI: regular human insulin; SAE: serious adverse events

Appendix 13. Survey of trial investigators providing information on included trials and trials
awaiting classification

Trial ID Study author contacted Study author replied Study author asked for

additional information

Study author provided data

Altuntas 2003 28 November 2012 No answer N/A N/A

Bastyr 2000 28 November 2012 No answer N/A N/A

Dailey 2004 28 November 2012 No answer N/A N/A

Hermann 2013 21 November 2012 Yes Yes The author provided addi-
tional information regarding
the design of the trial

NCT01650129 5 March 2013 No answer N/A N/A

Pfützner 2013 22 January 2013a No answer N/A N/A

Rayman 2007 28 November 2012 No answer N/A N/A

Ross 2001 28 November 2012 No answer N/A N/A

Z012 1997 28 November 2012 No answer N/A N/A

Z014 1997 28 November 2012 No answer N/A N/A

NCT01500850 13 November 2017 No answer N/A N/A
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aWe contacted the ’ikfe CRO GmbH’, which forwarded our request to Dr Pfützner
N/A: not applicable

Appendix 14. Health-related quality of life: instruments

Instrument Dimen-

sions (sub-

scales)

(no. of

items)

Validated

instrument

Answer op-

tions

Scores Minimum

score

Maximum

score

Weighting

of scores

Direction

of

scales

Minimum

important

difference

Di-
abetes qual-
ity of life
(DQOL)
question-
naire (S)
(used in
Ross 2001)

Satisfaction
(18)
Impact (23)
Social or vo-
cational
worry (7)
Diabetesre-
lated worry
(7)

Yes 5-point scale Overall
score
Scores
for each sub-
scale

Minimum
index: 1
Maximum
index: 5

No Lower index
score means
better assess-
ment

-

Diabetes
Quality of
Life Clinical
Trial Ques-
tionnaire
(DQLCTQ)
(S)
(used
in Bastyr
2000)

General
health (1)
Compar-
ative health
(1)
Physi-
cal function-
ing (6)
Global role
functioning
(2)
Social func-
tioning (1)
General so-
cial func-
tioning (1)
Energy or
fatigue (5)
Health dis-
tress (6)
Mental
health (5)
Dia-
betes quality

Yes 100-point
scale

Overall
score
Scores
for each do-
main

Minimum
index: 0.1
Maximum
index: 1.0

No Higher
index score
means better
assessment

-
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of life (59)
Hypo-
glycemic
fear survey
(17)
Treat-
ment satis-
faction (3)
Treat-
ment flexi-
bility (10)
Social
stigma (4)
Symptom
frequency
and bother-
someness
(14)
Self-efficacy
(3)
Background
factors (4)

-: denotes not reported
G: generic; S: specific; SF: short-form health survey; VAS: visual analogue scale

Appendix 15. Checklist to aid consistency and reproducibility of GRADE assessments

Short-acting in-

sulin analogues vs reg-

ular human insulin

All-cause

mortality

Macrovas-

cular com-

plications

Microvas-

cular com-

plications

Se-

vere hypo-

glycaemic

episodes

HbA1c Adverse

events

other than

se-

vere hypo-

glycaemic

episodes

(all non-

se-

vere hypo-

glycaemic

events)

Health-

related

quality of

life

Socioeco-

nomic ef-

fects

Trial limi-
tations
(risk of
bias)a

Was
random se-
quence
gener-
ation used

Yes N/A N/A Yes Yes Yes Yes N/A
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(i.e. no po-
tential for
selection
bias)?

Was alloca-
tion
conceal-
ment used
(i.e. no po-
tential for
selection
bias)?

Yes Yes Yes Yes Yes

Was there
blinding of
partic-
ipants and
per-
sonnel (i.e.
no poten-
tial for per-
formance
bias)
, or out-
come not
likely to be
influenced
by lack of
blinding?

Yes No () Unclear No () No ()

Was there
blinding of
outcome
assessment
(i.e. no po-
tential for
detec-
tion bias),
or was out-
come mea-
surement
not likely
to be influ-
enced
by lack of
blinding?

Yes No () Yes No () No ()
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Was an ob-
jective out-
come
used?

Yes Yes Yes Unclear Yes

Were more
than 80%
of partici-
pants
enrolled
in trials in-
cluded in
the analy-
sis (i.e. no
poten-
tial report-
ing bias)?b

Yes Yes Yes Yes Unclear

Were data
reported
consis-
tently
for the out-
comes
of interest
(i.e. no po-
tential se-
lective re-
porting)?

Yes Yes Yes Yes Yes

No other
biases
reported (i.
e. no po-
tential of
other bias)
?

Unclear Unclear Unclear Unclear Yes

Did the tri-
als end up
as
scheduled
(i.e. not
stopped
early)?

Yes Yes Yes Yes Yes

Inconsis-
tencyc

Point esti-
mates did
not vary

N/A N/A Yes Yes N/A
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widely?

To what
extent did
confidence
inter-
vals over-
lap (sub-
stantial: all
confidence
intervals
overlapped
at least one
of the in-
cluded tri-
als’ point
estimate;
some: con-
fidence in-
tervals
overlapped
but not all
overlapped
at least one
point esti-
mate; no:
at least one
outlier:
where the
confidence
intervals of
some of the
trials do
not overlap
with those
of most in-
cluded tri-
als)?

N/A N/A Substantial Some N/A

Was the di-
rection of
effect con-
sistent?

Unclear N/A No () No () N/A

What was
the magni-
tude of sta-
tistical het-
erogene-

Low N/A Low Low N/A
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ity (as mea-
sured
by I²) - low
(I² < 40%)
, moderate
(I² 40% to
60%)
, high I² >
60%)?

Was the
test for het-
erogene-
ity statisti-
cally sig-
nificant (P
< 0.1)?

Not statis-
tically sig-
nificant

N/A Not statis-
tically sig-
nificant

Not statis-
tically sig-
nificant

N/A

Indirect-
ness

Were the
popula-
tions in in-
cluded tri-
als applica-
ble
to the de-
cision con-
text?

Highly ap-
plicable

Highly ap-
plicable

Highly ap-
plicable

Highly ap-
plicable

Highly ap-
plicable

Were
the inter-
ventions in
the in-
cluded tri-
als applica-
ble
to the de-
cision con-
text?

Highly ap-
plicable

Highly ap-
plicable

Highly ap-
plicable

Highly ap-
plicable

Highly ap-
plicable

Was the in-
cluded
outcome
not a sur-
rogate out-
come?

Yes Yes Unclear No () Unclear

Was the
outcome
timeframe
sufficient?

Sufficient Sufficient Sufficient Sufficient Sufficient
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Were
the conclu-
sions based
on di-
rect com-
parisons?

Yes Yes Yes Yes Yes

Impreci-
siond

Was the
confidence
interval for
the pooled
estimate
not consis-
tent with
benefit and
harm?

No () N/A No () Unclear N/A

What is the
magnitude
of the me-
dian sam-
ple
size (high:
300 partic-
ipants, in-
termedi-
ate: 100 to
300 partic-
ipants,
low: <
100 partic-
ipants)?b

Intermedi-
ate

Intermedi-
ate

Intermedi-
ate

Intermedi-
ate

Intermedi-
ate

What was
the magni-
tude of the
number of
in-
cluded tri-
als (large:
> 10 trials,
moderate:
5 to 10 tri-
als, small: <
5 trials)?b

Moderate Moderate Moderate Moderate Small ()

Was the
outcome a
com-

No () Yes N/A Yes N/A
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mon event
(e.g. occurs
more than
1/100)?

Publica-
tion biase

Was
a compre-
hensive
search con-
ducted?

Yes Yes Yes Yes Yes

Was grey
literature
searched?

Yes Yes Yes Yes Yes

Were no
restrictions
applied
to study se-
lection on
the basis of
language?

Yes Yes Yes Yes Yes

There
was no in-
dustry in-
fluence
on trials in-
cluded in
the review?

No () No () No () No () No ()

There was
no
evidence of
funnel plot
asymme-
try?

N/A N/A N/A N/A N/A

There was
no discrep-
ancy
in findings
be-
tween pub-
lished and
unpub-
lished tri-
als?

N/A N/A N/A N/A N/A
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aQuestions on risk of bias are answered in relation to the majority of the aggregated evidence in the meta-analysis rather than to
individual trials
bDepends on the context of the systematic review area
cQuestions on inconsistency are primarily based on visual assessment of forest plots and the statistical quantification of heterogeneity,
based on I²
dWhen judging the width of the confidence interval, it is recommended to use a clinical decision threshold to assess whether the
imprecision is clinically meaningful
eQuestions address comprehensiveness of the search strategy, industry influence, funnel plot asymmetry and discrepancies between
published and unpublished trials
(): key item for potential downgrading the certainty of the evidence (GRADE) as shown in the footnotes of the ’Summary of finding’
table(s)
HbA1c: glycosylated haemoglobin A1c; N/A: not applicable

W H A T ’ S N E W

Date Event Description

1 November 2018 New search has been performed This review is an update of the former review ’Short-acting insulin analogues
versus regular human insulin in patients with diabetes mellitus’, which has
been withdrawn and split into two Cochrane Reviews on short-acting insulin
analogues versus regular human insulin for type 1 and type 2 diabetes mellitus

H I S T O R Y

Review first published: Issue 12, 2018

Date Event Description

21 September 2005 New search has been performed This review is an update of the review published in 2004, Issue 4 (second
update)
A highly sensitive search applying the same search strategy as used for the
original review was performed from 01 October 2003 to 21 September 2005
(adding the search terms for glulisine, which is new on the market): 386
potentially relevant abstracts were identified and screened. 375 of these were
excluded by consensus. Eleven publications were potentially appropriate
for this review, 4 of which were excluded by consensus because they were
not randomised, had no comparable insulin regimens, or analogues were
not compared with regular insulin. Finally, seven new studies fulfilled the
inclusion criteria. For further details, see figure 9 presenting the flow chart
according to the QUOROM statement
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After including the 7 new studies in the analyses, the conclusion from the
first review remained unchanged

31 December 2003 New search has been performed first update

C O N T R I B U T I O N S O F A U T H O R S

Birgit Fullerton (BF) - update of the review: literature screening, data extraction, data analysis, manuscript draft, and review of
manuscript

Andrea Siebenhofer (AS) - update of the review: protocol development, literature screening, review of manuscript

Klaus Jeitler (KJ) - update of the review: protocol development, searching for trials, literature screening, review of manuscript

Karl Horvath (KH) - update of the review: literature screening, review of manuscript

Thomas Semlitsch (TS) - update of the review: literature screening, review of manuscript

Andrea Berghold (AB): initial review: protocol development, data analysis, development of final review; update of the review: data
analysis, review of manuscript

Ferdinand M Gerlach (FMG): protocol development, development of final review

D E C L A R A T I O N S O F I N T E R E S T

BF: none known.

AS: was involved in the preparation of a report on the effects of long-acting insulin analogues versus other basal insulins in the therapy
of patients with type 1 and type 2 diabetes mellitus for IQWiG, the German Institute for Quality and Efficiency in Health Care.

KJ: was involved in the preparation of the reports on short-acting insulin analogues for the treatment of diabetes mellitus for the
Institute for Quality and Efficiency in Health Care.

KH: has received payment for lectures, travel/accommodations/meeting expenses and consultancy from various sources (Novo Nordisk,
Novartis, Medtronic, Eli Lilly, Sanofi Aventis, Merck Sharp & Dohme, AstraZeneca).

TS: none known.

AB: none known.

FMG: none known.
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S O U R C E S O F S U P P O R T

Internal sources

• Medical University of Graz, Austria.
In-kind office equipment

• Institute of General Practice, Goethe University Frankfurt, Germany.
In-kind office equipment

External sources

• Institute for Quality and Efficiency in Health Care (IQWiG), Germany.

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

Several methodological improvements such as the integration of a summary of findings table as demanded by the CMED Group were
implemented in this review update.

A major change from the original review was that now trials had to have a minimum duration of intervention of 24 weeks, compared
with four weeks in the former Cochrane Review. Because we focused our review update on patient-important outcome measures, such
as microvascular and macrovascular complications, a longer time period of interventions appeared meaningful. This also concurs with
the requirement of the European Medicines Agency for confirmatory trials in the treatment of diabetes mellitus (EMA 2002).

N O T E S

The former Cochrane Review ’Short-acting insulin analogues versus regular human insulin in patients with diabetes mellitus’
(Siebenhofer 2006), has been withdrawn and split into the following Cochrane reviews: ’Short-acting insulin analogues versus regular
human insulin for adults with type 1 diabetes mellitus’ and ’Short-acting insulin analogues versus regular human insulin for adult, non-
pregnant persons with type 2 diabetes mellitus’.
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