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Abstract

Background Type 1 diabetes is a serious, chronic disorder with an increasing incidence among children and ado-
lescents. Glycemic control in individuals with type 1 diabetes is better managed through a basal-bolus regimen

with either regular human or rapid-acting insulin analogues administered as a bolus at mealtimes. Rapid-acting
insulin analogues have been hypothesized to cause optimal glycemic control and less risk of hypoglycemic episodes
compared to regular human insulins. However, this has never been systematically assessed in children and adoles-
cents with type 1 diabetes. Therefore, this systematic review aims to assess the beneficial and harmful effects of regu-
lar human insulins versus rapid-acting insulin analogues in children and adolescents.

Methods This is a protocol for a systematic review. A search in major medical databases (e.g., MEDLINE, EMBASE,
CENTRAL) and clinical trial registries will be performed by a search specialist. We will include published and unpub-
lished randomized clinical trials comparing regular human insulins versus rapid-acting insulin analogues (lispro,
aspart, or glulisine). Two review authors will independently extract data and conduct risk of bias assessments. Primary
outcomes will be severe hypoglycemia, ketoacidosis, and serious adverse events. Secondary outcomes will be quality
of life, HbA1c, and non-serious adverse events. Data will be analyzed using fixed-effect meta-analyses, random-effects
meta-analyses, and Trial Sequential Analysis. Several subgroup analyses are planned. Risk of bias will be assessed

with the Cochrane Risk of Bias tool—version 2, an eight-step procedure will be used to assess if the thresholds

for clinical significance are crossed, and the certainty of the evidence will be assessed by Grading of Recommenda-
tions, Assessment, Development and Evaluations (GRADE).

Discussion The beneficial and adverse effects of regular human insulins versus rapid-acting insulin analogues have
not been systematically assessed in children and adolescents. There is a need for a comprehensive systematic review
of the current evidence.

Systematic review registration PROSPERO: CRD42024508625.
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Introduction

Description of the condition

Type 1 diabetes represents a critical and chronic health
condition, characterized by a rising incidence rate and
marked geographic disparities [1-3]. In children and
adolescents, type 1 diabetes accounts for more than 85%
of diabetes cases with the highest incidence in children
aged 10-14 years [4, 5].

Type 1 diabetes is characterized by autoimmune
destruction of the pancreatic B-cells producing insulin
for the body [6, 7]. The progression rate varies depend-
ing on immune system activity and islet cell autoimmun-
ity [6, 7]. Although the exact cause of this autoimmune
response remains elusive, it is believed to result from a
combination of genetic predisposition and environ-
mental factors [8, 9]. This leads to the development of
multiple islet autoantibodies (stage 1) and subsequent
pre-clinical dysregulation of blood glucose levels (stage 2)
[8, 9]. This autoimmune destruction results in complete
insulin deficiency and hyperglycemia (stage 3), all result-
ing in full establishment of the disease (stage 4) [8, 9]. At
stages 3 or 4 type 1 diabetes, individuals typically present
with symptoms, including polyuria (excessive urine pro-
duction), polydipsia (excessive thirst or excess drinking),
weight loss, fatigue, and abdominal pain [6]. Frequencies
of experiencing diabetic ketoacidosis at onset range from
approximately 15 to 70% in Europe and North America,
being as high as 80% in low-resourced countries [10-12].

The diagnosis of type 1 diabetes is associated with
short-term and long-term complications [6]. Although
clinical manifestations of diabetes-related vascular
complications are uncommon during childhood and
adolescence, early functional and structural vascu-
lar abnormalities may begin to emerge relatively soon,
within just a few years following the diagnosis of type 1
diabetes [13]. In the short term, the lack of insulin pro-
duction and glycemic control in type 1 diabetes increases
the risk of ketoacidosis and possibly death if the supply
of insulin is not restored [6]. In the long term, diabetes
is associated with complications related to microvascular
diseases including retinopathy, nephropathy, and neurop-
athy and macrovascular diseases including cardiovascu-
lar, cerebrovascular, and peripheral vascular diseases [6].

Blood sugar levels must be measured frequently for
monitoring type 1 diabetes [14]. There is a wide selec-
tion of tools to assess glycemia, including self-monitored
capillary blood glucose, glycosylated hemoglobin Alc
(HbAlc), and continuous glucose monitors [6]. HbAlc

serves as a biomarker, reflecting the average plasma glu-
cose over the previous 8—12 weeks [14]. This 3-month
timeframe is chosen due to the typical lifespan of a red
blood cell [14]. In diabetes, HbA1c is therefore used as an
evaluation method for monitoring glycemic control dur-
ing treatment [14].

Description of the interventions

In the management of type 1 diabetes, the aim is to avoid
the above mentioned short-term and long-term compli-
cations [6]. In children and adolescents with type 1 dia-
betes, this is typically managed through education on
nutrition (e.g., carbohydrate counting and nutritional
advice) and insulin treatment [15]. The insulin is pro-
vided through insulin syringes, insulin pens, or insulin
pumps [15]. To mimic the natural levels of insulin, basal
insulin is often combined with a bolus of insulin for meals
[15]. The bolus of insulin administered at mealtimes may
be either regular human insulins (also called “short-act-
ing insulins”) or rapid-acting insulin analogues [16]. Cur-
rently, the rapid-acting insulin analogues approved by the
US Food and Drug Administration (FDA) are insulin lis-
pro, insulin aspart, and insulin glulisine [17].

In addition to the short-term and long-term compli-
cations of diabetes, the administration of insulin is also
associated with possible complications [6]. A potential
complication of insulin treatment is the risk of hypogly-
cemia [18]. The insulin administration becomes more
complex during periods of illness and physical activity or
lack of access to self-blood glucose monitoring, compli-
cating the management of type 1 diabetes further [19].

The rapid-acting insulin analogues have different
molecular structures than regular human insulins,
resulting in different pharmacokinetic characteristics
and possibly different occurrences of adverse effects
(Table 1) [20]. Compared to regular human insulins,
insulin lispro has reversed amino acid proline at B28
and lysine at B29, insulin aspart has replaced proline
at B28 with aspartic acid, and insulin glulisine has
replaced asparagine at B3 and glutamic acid at B29
with lysine [21]. The regular human insulins have a
slower and longer lasting rise in blood concentration
compared to the rapid-acting insulin analogues [20],
which have been hypothesized to cause of hypoglyce-
mic episodes [22]. Instead, the faster rise and shorter
duration of action of rapid-acting insulin analogues
may better mimic the normal insulin levels following a
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Table 1 Pharmacokinetics of short-acting insulin and rapid-acting insulin analogues [21]

Onset of action Peak effect Duration of action Timing of dose
Short-acting insulins
Regular human insulins ~30 min 1.5t035h 7to8h 30 to 45 min before meal
Rapid-acting insulin analogues
Insulin lispro ~15min 30to 70 min 2to5h 15 min before or immediately after meal
Insulin aspart 10 to 20 min 1to3h 3to5h 510 10 min before meal
Insulin glulisine 10 to 20 min ~55min ~6h 15 min before or within 20 min after meal

meal, potentially reducing the risk of the hypoglycemic
episodes [20]. In addition, the timing of administra-
tion differs between regular human insulins and rapid-
acting insulin analogues [20]. The most commonly
recommended interval between short-acting regular
human insulin and a meal is 30 to 45 min, while rapid-
acting insulin analogues are recommended to adminis-
ter closer to mealtimes [20, 21].

Previous evidence

Previous reviews have assessed the beneficial and adverse
effects of regular human insulins versus rapid-acting
insulin analogue in adults [22-24]. A Cochrane review
from 2016 found slightly better glycemic control with
rapid-acting insulin analogues compared with regular
human insulins, but there is not enough information on
the difference in severe hypoglycemic episodes [22]. Two
other systematic reviews with meta-analyses found simi-
lar results in adult populations [23, 24].

A systematic review from 2019 assessed regular
human insulins versus rapid-acting insulin analogues
in children, adolescents, and adults [25]. This review
found no difference in glycemic control or hypoglyce-
mic episodes [25]. However, only five randomized clin-
ical trials with children and adolescents were included
[25]. Another systematic review from 2018 assessed
regular human insulins versus rapid-acting insulin
analogues in special populations, including children
and adolescents [26]. Here, eight randomized clini-
cal trials with children and adolescents were included
[26]. This review performed no meta-analyses on gly-
cemic control and showed no difference in severe
hypoglycemic episodes [26]. However, it was limited
by not publishing a protocol beforehand, not search-
ing all relevant databases, not employing trial sequen-
tial analyses methods to control for random errors, not
assessing risks of bias, and not assessing the certainty
of evidence using GRADE [26].

No systematic review has yet assessed regular human
insulins versus rapid-acting insulin analogues solely in
children and adolescents.

Does strict glycemic control lead to fewer complications?
Previous reviews have primarily focused on surrogate
outcomes such as glycemic levels as the target of dia-
betes treatment [25-27]. These biomarkers are used
as replacements for patient-important outcome meas-
ures such as short-term and long-term complications,
including death, loss of vision, or hospitalizations [28,
29]. This is often done to reduce the follow-up time and
costs of the clinical trials [30]. However, if surrogate
outcomes should be used, they must be validated as an
indicator of the clinical patient-important outcomes, as
positive shifts in surrogate outcomes do not necessarily
translate to clinically meaningful benefits [31-33].

A systematic review with meta-analyses published
in 2014 assessed the effects of targeting intensive ver-
sus conventional glycemic control on all-cause mor-
tality, cardiovascular mortality, severe adverse events,
macrovascular complications, nephropathy and end-
stage renal disease, and severe hypoglycemia [34].
This review found that intensive treatment programs
compared to conventional treatment did not influence
the risk of death, cardiovascular mortality, or severe
adverse events [34]. Intensive treatment programs
decreased the risk of macrovascular complications,
nephropathy, and end-stage renal disease but increased
the risk of severe hypoglycemia [34].

Included in the systematic review from 2014, The
Diabetes Control and Complications Trial, a pivotal
multicenter study conducted in North America from
1983 to 1993, randomized 1441 individuals aged 13 and
above with diabetes, including 195 adolescents aged
13 to 17 years, to assess the impact of intensive glyce-
mic control on long-term complications [35]. This trial
showed a reduction of retinopathy, microalbuminuria,
and neuropathy with strict glycemic control compared
to conventional, moderate glycemic control [35]. Still,
the strict glycemic intervention also led to a two- to
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threefold increased risk of hypoglycemia [35]. The
reductions in retinopathy and nephropathy were con-
sistent in subgroup analyses on adolescents compared
to adults, but these subgroup analyses were presumably
underpowered [35]. Besides these subgroup analyses,
no further information on glycemic control as surro-
gate outcome for short-term and long-term complica-
tions in children and adolescents with type 1 diabetes
was available [36-38].

There is limited validation of glycemic control as a vali-
dated surrogate outcome for patient-important outcome
measures in children and adolescents with type 1 diabe-
tes. Therefore, current systematic reviews should include
both clinical patient-important outcomes such as short-
term and long-term complications of diabetes and com-
plications of insulin treatment and measures of glycemic
control.

With an increasing incidence of type 1 diabetes in chil-
dren and adolescents and multiple possible interven-
tions available for glycemic control, there is a need for
a comprehensive overview of the current evidence. The
objective of this systematic review is to assess the ben-
eficial and adverse effects of regular human insulins
versus rapid-acting insulin analogues in children and
adolescents. The focus will be short-term and long-term
complications of diabetes and possible complications of
insulin treatment.

Methods

The protocol is reported following the reporting guideline
provided in the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Protocols (PRISMA-P) state-
ment [39, 40] (Additional file 1) and is registered in the
PROSPERO database.

Criteria for considering studies for this review

Types of studies

We will include randomized clinical trials irrespective of
publication year, status, and language. We will include
cross-over trials using only data from the first period
of the trial. We will not include quasi-randomized tri-
als, cluster-randomized trials, non-randomized studies,
or studies with continuous changes in intervention or
control.

Types of participants

Children and adolescents (less than 18 years old) with the
diagnosis of type 1 diabetes (as defined by trialists) will
be included.
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Types of interventions

Experimental group As experimental interventions, we
will accept regular human insulins, regardless of method
of delivery (syringe, pen, or pump).

Control group As control interventions, we will accept
rapid-acting insulin analogues (insulin lispro, insulin
aspart, or insulin glulisine), regardless of method of deliv-
ery (syringe, pen, or pump).

Cointerventions We will accept any cointerventions, if
these are planned to be delivered similarly in the experi-
mental and control groups.

Outcome measures
Primary outcomes

1. Severe hypoglycemia (as defined by trialists).

2. Ketoacidosis (as defined by trialists).

3. Serious adverse events. We will use the International
Conference on Harmonization of technical require-
ments for registration of pharmaceuticals for human
use—Good Clinical Practice (ICH-GCP) definition
of a serious adverse event, which is any untoward
medical occurrence that resulted in death, was life-
threatening, required hospitalization or prolonging
of existing hospitalization, and resulted in persistent
or significant disability or jeopardized the participant
[41]. If the trialists do not use the ICH-GCP defini-
tion, we will include the data if the trialists use the
term “serious adverse event” If the trialists do not use
the ICH-GCP definition or the term serious adverse
event, we will also include the data if the event clearly
fulfills the ICH-GCP definition of a serious adverse
event. We will exploratorily assess each type of seri-
ous adverse event separately.

Secondary outcomes

1. Quality of life (as defined by trialists).

2. HbAlc.

3. Non-serious adverse events (will be reported and
analyzed separately). Non-serious adverse events will
be any adverse event not fulfilling the definition of a
serious adverse event (see above).
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Exploratory outcomes

1. All-cause mortality
Postprandial blood glucose (as defined by trialists)
3. Continuous blood glucose monitoring (as defined
by trialists)
4. Retinopathy (as defined by trialists)
5. Nephropathy (as defined by trialists)

6. Cardiovascular complications (as defined by trial-
ists)

7. Hospitalizations (as defined by trialists)

8. Changes in height

9. Changes in weight

10. Quality of life of the parents/caregivers (any valid
continuous scale, e.g., 36-Item Short Form Survey)
[42]

11. Cost of intervention

12. Nocturnal hypoglycemia

Assessment time points
We will assess all outcomes at maximum follow-up.

Search methods for identification of studies

Electronic searches

We will search Cochrane Central Register of Controlled
Trials (CENTRAL), Medical Literature Analysis and
Retrieval System Online (MEDLINE), Excerpta Medica
database (EMBASE), Latin American and Caribbean
Health Sciences Literature (LI-LACS), Science Cita-
tion Index Expanded (SCI-EXPANDED), Conference
Proceedings Citation Index—Science (CPCI-S), and the
Health Technology Assessment (HTA) to identify rele-
vant trials. We will search all databases from their incep-
tion to the present. Trials will be included irrespective of
language, publication status, publication year, and pub-
lication type. For a detailed search strategy for all elec-
tronic searches, see supplementary material (Additional
file 2).

Searching other resources

The reference lists of relevant trial publications will be
checked for any unidentified randomized clinical trials.
To identify unpublished trials, we will search clinical trial
registries (e.g., clinicaltrials.gov, clinicaltrialregister.eu,
who.int/ictrp, chictr.org.cn) of Europe and USA.

If we identify these, we will also include unpublished
and gray literature trials and assess relevant retraction
statements and errata for included trials. We will search
preprint servers (bioRxiv, medRxiv) and contact relevant
pharmaceutical companies for unpublished trials or addi-
tional data.
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Data collection

We will perform and report the review as recommended
by the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [43]. Analy-
ses will be performed using Stata version 17 (StataCorp
LLC, College Station, TX, USA) [44] and Trial Sequential
Analysis [45, 46].

Selection of randomized clinical trials

Two review authors will independently screen titles and
abstracts. We will retrieve all relevant full-text study
reports/publications, and two review authors will inde-
pendently screen the full texts and will record reasons
for the exclusion of the ineligible studies. The same two
review authors will resolve disagreements through discus-
sion, or if required, they will consult a third author (JCJ).

Data extraction and management

Two review authors will independently extract data
from included trials in a predefined form. Disagree-
ments will be resolved by discussion with a third author
(JCJ). The two review authors will assess duplicate pub-
lications and companion papers of a trial together to
evaluate all available data simultaneously (maximize
data extraction, correct bias assessment). Each trial will
be named after the first author and year of the primary
publication, and all secondary publications will be clas-
sified under that name. We will contact the trial authors
by email to specify any missing data, which may not be
reported sufficiently or at all in the publication.

Trial characteristics

We will extract the following data: bias risk compo-
nents (as defined below), trial design (parallel, factorial,
or crossover), number of intervention groups, length
of follow-up, estimation of sample size, diagnostic cri-
teria, income setting (as per World Bank classification)
[47], inclusion and exclusion criteria, method of meas-
uring, and definition of outcomes.

Participant characteristics

We will extract the following data: number of rand-
omized participants, number of analyzed participants,
HbAlc at baseline, age range (mean or median), sex
ratio, and ethnicity.

Experimental intervention characteristics
We will extract the following data: dose, administration
time, and way of application (syringe, pen, or pump).
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Control intervention characteristics

We will extract the following data: type of control, dose,
administration time, and way of application (syringe,
pen, or pump).

Outcomes
All outcomes listed above will be extracted from each
randomized clinical trial.

Notes

We will search for information regarding industry fund-
ing of either personal or academic activities for each
trial author. We will judge a publication at high risk
of for-profit bias if a trial is sponsored by the industry
or if just one author has affiliation to the industry [48].
We will note in the “Characteristics of included studies”
table if outcome data were not reported in a usable way.
Disagreements will be resolved through discussion, or if
required, we will consult with a third author (JCJ).

Assessment of risk of bias in the included studies

Our bias risk assessment will be based on the Cochrane
Risk of Bias tool—version 2 (RoB 2) as recommended
in The Cochrane Handbook of Systematic Reviews of
Interventions [49]. We will evaluate the methodology in
respect of the following bias domains:

+ Bias arising from the randomization process

« Bias due to deviation from intended interventions
(effect of assignment to intervention)

« Bias due to missing outcome data

« Bias in measurement of outcomes

« Bias arising from selective reporting of results

« Opverall assessment of risk of bias

We will assess the domains “deviations from intended
interventions,” “missing outcome data,” “risk of bias in
measurement of the outcome,;” and “risk of bias in selec-
tion of the reported result” for each outcome result. Thus,
we can assess the bias risk for each outcome assessed in
addition to each trial. The overall risk of bias of a result or
trial will be judged to be low if all domains are assessed
at low risk of bias. If one or more domains are assessed
at either some concerns or high risk of bias, the overall
risk of bias will be assessed at high. Our primary conclu-
sions will be based on the results of our primary outcome
results with overall low risk of bias. Both our primary and
secondary conclusions will be presented in the summary
of findings tables.
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Differences between the protocol and the review

We will conduct the review according to this published
protocol and report any deviations from it in the “Differ-
ences between the protocol and the review” section of
the systematic review.

Measurement of treatment effect

Dichotomous outcomes

We will calculate risk ratios (RRs) with 95% confidence
interval (CI) for dichotomous outcomes.

Continuous outcomes

We will calculate the mean differences (MDs) and con-
sider calculating the standardized mean difference (SMD)
with 95% CL

Dealing with missing data

We will use intention-to-treat data if provided by the
trialists [50]. We will, as the first option, contact all trial
authors to obtain any relevant missing data (i.e., for data
extraction and for assessment of risk of bias, as specified
above).

Dichotomous outcomes

We will not impute missing values for any outcomes in
our primary analysis. In our sensitivity analyses (see par-
agraph below), we will impute data.

Continuous outcomes

We will primarily analyze scores assessed at maximum
follow-up. If only changes from baseline scores are
reported, we will analyze the results together with fol-
low-up scores [51]. If standard deviations (SDs) are not
reported, we will calculate the SDs using relevant trial
data (e.g., P values), if possible. We will not use intention-
to-treat data if the original report did not contain such
data, per protocol data will then be used. In our best—
worst-case and worst-best-case scenarios (see paragraph
below) for continuous outcomes, we will impute data.

Assessment of heterogeneity

We will primarily visually investigate forest plots for signs
of heterogeneity. We will secondly assess the presence of
statistical heterogeneity using I* statistic [49, 52, 53]. We
will only conclude that the heterogeneity is high if the
between trial variance translates to differences impor-
tant to patients (based on the effect sizes defined by in
the Trial Sequential Analysis, see below). We will investi-
gate heterogeneity through subgroup analyses (see “Sub-
group analyses and integration of heterogeneity” section
below). We may ultimately decide that a meta-analysis
should be avoided if heterogeneity is high [49].
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Assessment of reporting biases

We will use a funnel plot to assess reporting bias if ten
or more trials are included [49]. We will visually inspect
funnel plots to assess the risk of bias. We are aware of
the limitations of a funnel plot (i.e., a funnel plot assesses
small study bias) [49]. From this information, we will
assess possible reporting bias. For dichotomous out-
comes, we will test asymmetry with the Harbord test [54]
if 7% is less than 0.1 and with the Riicker test if 7% is more
than 0.1 [49].

Unit of analysis issues

We will only include randomized clinical trials. For tri-
als using crossover design, only data from the first period
will be included [49, 55]. There will therefore not be any
unit of analysis issues. We will not include cluster rand-
omized trials.

Data synthesis

Meta-analysis

We will undertake the meta-analyses according to the
Cochrane Handbook of Systematic Reviews of Interven-
tions [51], Keus et al. [56], and the eight-step assessment
suggested by Jakobsen et al. [57]. We will use the statis-
tical software Stata [44] to analyze data. We will assess
our intervention effects with both a random-effects
meta-analysis [58] and fixed-effect meta-analysis for each
treatment comparison separately [59]. We will primar-
ily report the most conservative point estimate of the
two (highest P value) and consider the less conservative
results a sensitivity analysis [57]. We will assess a total of
three primary outcomes and consider a P value of<0.025
(adjustment per recommendations by Jakobsen et al.) or
less as the threshold for statistical significance [57]. We
will investigate possible heterogeneity through subgroup
analyses. We will use the eight-step procedure to assess if
the thresholds for significance are crossed [57]. We will
include only the relevant arms where multiple trial arms
are reported in a single trial. If two comparisons are com-
bined in the same meta-analysis, we will split the control
group to avoid double-counting [49].

Trial Sequential Analysis

We wish to control the risks of both type I errors and
type II errors. We will therefore perform Trial Sequen-
tial Analysis on all outcomes, in order to calculate the
required information size (that is, the number of par-
ticipants needed in a meta-analysis to detect or reject a
certain intervention effect) and the cumulative Z-curve’s
breach of relevant trial sequential monitoring bounda-
ries [45, 46, 60—66]. A more detailed description of Trial
Sequential Analysis can be found in the Trial Sequential
Analysis manual [46] and at http://www.ctu.dk/tsa/. For
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dichotomous outcomes, we will estimate the required
information size based on the observed proportion of
patients with an outcome in the control group (the cumu-
lative proportion of patients with an event in the control
groups relative to all patients in the control groups), a
relative risk reduction or a relative risk increase of 20%,
an alpha of 2.5% for all outcomes, a beta of 10%, and the
observed diversity as suggested by the trials in the meta-
analysis. For continuous outcomes, we will in the Trial
Sequential Analysis use the observed standard devia-
tion (SD), a mean difference equal to the observed SD/2,
an alpha of 2.5% for all outcomes, a beta of 10%, and
the observed diversity as suggested by the trials in the
meta-analysis.

Subgroup analyses and integration of heterogeneity
Subgroup analyses

We will perform the following subgroup analyses when
analyzing the primary outcomes (severe hypoglycemia,
ketoacidosis, and serious adverse events).

1) Trials at overall low risk of bias compared to trials at
overall high risk of bias.

2) Trials with for-profit bias compared to trials without
for-profit bias.

3) Trials with prepubertal participants (children) com-
pared to trials with pubertal participants (adoles-
cents).

4) Type of comparator (insulin lispro, insulin aspart,
insulin glulisine).

5) Method of delivery (syringe, pen, or pump).

6) Trials performed in countries with high-income
economies compared to trials performed in countries
with middle- or low-income economies.

We will use the formal test for subgroup interactions in
Stata [44]. We will perform any unanticipated subgroup
analyses, if we identify these.

Sensitivity analysis

To assess the potential impact of the missing data for
dichotomous outcomes, we will perform the two fol-
lowing sensitivity analyses on all primary and secondary
dichotomous outcomes.

+ Best—worst-case scenario: We will assume that all
participants lost to follow-up in the experimental
group had a beneficial outcome (no severe hypogly-
cemia, ketoacidosis, serious adverse event, or non-
serious adverse event), and that all those participants
lost to follow-up in the control group had a harmful
outcome (severe hypoglycemia, ketoacidosis, serious
adverse event, or non-serious adverse event).
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+ Worst-best-case scenario: We will assume that all
participants lost to follow-up in the experimental
group had a harmful outcome (severe hypoglycemia,
ketoacidosis, serious adverse event, or non-serious
adverse event), and that all those participants lost to
follow-up in the control group had a beneficial out-
come (no severe hypoglycemia, ketoacidosis, serious
adverse event, or non-serious adverse event).

We will present results of both scenarios in our review.
When analyzing continuous outcomes, a beneficial out-
come will be the group mean plus two SDs of the group
mean, and a harmful outcome will be the group mean
minus two SDs of the group mean [57].

To assess the potential impact of missing SDs for con-
tinuous outcomes, we will perform the following sensitiv-
ity analysis:

+ Where SDs are missing and it is not possible to calcu-
late them, we will impute SDs from trials with similar
populations and low risk of bias. If we find no such
trials, we will impute SDs from trials with a similar
population. As the final option, we will impute the
mean SD from all included trials.

We will present results of this scenario in our review.
Other post hoc sensitivity analyses might be warranted if
unexpected clinical or statistical heterogeneity is identi-
fied during the analysis of the review results [57].

Summary of findings table

We will create a summary of findings table including
each of the prespecified outcomes. We will use the five
GRADE considerations (bias risk of the trials, consist-
ency of effect, imprecision, indirectness, and publication
bias) to assess the certainty of the body of evidence [57,
67-69]. We will assess imprecision using Trial Sequen-
tial Analysis. We will justify all decisions to downgrade
the certainty of the evidence using footnotes, and we
will make comments to aid the reader’s understanding of
the review where necessary. Firstly, we will present our
results in the summary of findings table based on the
results from the trials with overall low risk of bias, and
secondly, we will present the results based on all trials.

Discussion

This systematic review with meta-analyses and Trial
Sequential Analysis of randomized clinical trials aims to
assess the beneficial and adverse effects of regular human
insulins versus rapid-acting insulin analogues in chil-
dren and adolescents. Primary outcomes will be severe
hypoglycemia, ketoacidosis, and serious adverse events.
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Secondary outcomes will be quality of life, HbAlc, and
non-serious adverse events.

One of the strengths of our protocol is the methodo-
logical approach. The predefined methodology is based
on Keus et al. [70], our eight-step assessment suggested
by Jakobsen et al. [57], Trial Sequential Analysis [71],
and GRADE assessment of the certainty of evidence [68,
72, 73]. Therefore, we consider both the risk of random
errors and the risk of systematic errors. Furthermore,
we increase the statistical power by pooling all rapid-
acting insulin analogues as the control intervention. This
also allows us to assess the relative effects of rapid-act-
ing insulin analogues on regular human insulins. Even
though we expect mainly short-term results, we will
assess all outcomes at maximum follow-up. This allows
differences in the long-term effects of the interventions
to be included in our results.

Our protocol also has some limitations. The primary
limitation is the risk of identifying a limited number of
randomized clinical trials and thereby reducing the power
of our results. Furthermore, the included trials may only
have a short follow-up time. As pharmacological treat-
ment in children and adolescents with type 1 diabetes is a
lifelong treatment, these trial results of short intervention
periods may not resemble how the interventions are used
in the clinical practice. Also, there is a potential for high
statistical heterogeneity due to the pooling of rapid-acting
insulin analogues. To minimize this limitation, we have
planned a subgroup analysis comparing regular human
insulins to the different kinds of rapid-acting insulin ana-
logues. This creates another possible limitation which is
the number of subgroup analyses. This increases the risk
of type I errors. Our threshold for significance has not
been adjusted according to the number of secondary out-
comes, exploratory outcomes, or subgroup analyses. In
addition, although not considered as a primary outcome
in our review, HbAlc represents only an approximate
measure of glucose control; it does not address short-term
glycemic variability or hypoglycemic events. For example,
HbAlc values may be similar for individuals with highly
variable glucose readings, including frequent peaks and
troughs, for those with consistently stable glucose levels.
Therefore, glycemic control will also be assessed through
postprandial blood glucose or continuous blood glucose
monitoring if information is available.

We expect to find most data from trials conducted in
high-income countries. If this is the case, the results may
need to be extrapolated to different healthcare settings,
which would reduce the external validity of our review. Con-
sequently, the actual beneficial and harmful effects observed
in everyday clinical practice may differ significantly from
those reported in the trials and, therefore, in our review.
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Another limitation is the lack of detailed cost-effective-
ness analyses, which is beyond the scope of this review.
Instead, our review is on the clinical/patient-important
effects of the different types of insulin. However, we plan
to gather data on the costs of the interventions. If the
clinical outcomes are similar between the two groups,
cost may ultimately influence the choice of interven-
tion, particularly in middle- or low-income countries.
However, if one intervention is superior based on clinical
outcomes, the cost of the intervention must be evaluated
alongside the costs of any clinical complications.

The results of our review may also be affected by publi-
cation bias. Publication bias (i.e., when studies with posi-
tive or significant results are more likely to be published
than those with negative or inconclusive findings) may
skew our findings toward favorable outcomes. Similarly,
industry funding for trials may lead to selective reporting
of favorable outcomes that support the company’s prod-
uct. Thus, we risk overestimating the beneficial effects
and underestimating the harmful effects of rapid-acting
insulin analogues. We will include data from both pub-
lished trials, unpublished trials, and clinical study reports
and thereby reduce the risk of publication bias. We also
plan to incorporate publication bias into our GRADE
assessment of the results.

Missing data in the included trials may also affect
our findings. Depending on the cause, missing data
can reduce statistical power and lead to bias, ultimately
resulting in incorrect conclusions. We plan to contact all
trial authors to obtain any relevant missing data. We will
also conduct sensitivity analyses (best—worst and worst-
best scenarios) to evaluate the potential effects of missing
data on primary and secondary outcomes. However, if
the extent of missing data remains unclear, these analyses
may not be feasible. Missing data will also be included in
our risk of bias assessments.

Lastly, we have decided to only include randomized
clinical trials. By excluding cluster-randomized trials,
quasi-randomized trials, and observational studies, there
is a risk of overlooking rare and late-occurring adverse
events. It may be relevant to assess rare and late-occur-
ring adverse effects of regular human insulins and rapid-
acting insulin analogues in cluster-randomized trials,
quasi-randomized trials, or observational studies. How-
ever, the significant risk of confounding by indication,
which may skew results from non-randomized studies,
limits the clinical relevance of incorporating such find-
ings. Hopefully, future trials in this field involve large
sample sizes to adequately evaluate relatively rare events
and incorporate long-term follow-up assessments.

Page 9 of 11

Abbreviations

GRADE Grading of Recommendations, Assessment, Development
and Evaluations
HbATc Glycosylated hemoglobin Alc

FDA US Food and Drug Administration

PRISMA-P Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Protocols

ICH-GCP International Conference on Harmonization of technical
requirements for registration of pharmaceuticals for human
use—Good Clinical Practice

CENTRAL Cochrane Central Register of Controlled Trials

MEDLINE Medical Literature Analysis and Retrieval System Online

EMBASE Excerpta Medica database

LI-LACS Latin American and Caribbean Health Sciences Literature

SCI-EXPANDED  Science Citation Index Expanded

CPCI-S Conference Proceedings Citation Index—Science

HTA Health Technology Assessment

PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

RoB 2 Cochrane Risk of Bias tool—version 2

RR Risk ratios

@ Confidence interval

MD Mean difference

SMD Standardized mean difference

SD Standard deviation

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513643-024-02729-4.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements

We thank Sarah Louise Klingenberg (Information Specialist, The Cochrane
Hepato-Biliary Group, Copenhagen Trial Unit, Centre for Clinical Intervention
Research, Copenhagen University Hospital—Rigshospitalet, Denmark) for the
help with developing the search strategy.

Authors’ contributions
JJP and JCJ wrote the original draft. All authors read, commented on, and
approved the final manuscript.

Funding
This research was funded by the World Health Organization (WHO).

Data availability
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors approve publication of the protocol.

Competing interests
CDBS's husband is employed at Novo Nordisk, Kalundborg, Denmark, as “facil-
ity manager”since September 1, 2024.

Author details

!Centre for Clinical Intervention Research, Copenhagen Trial Unit, Capital
Region of Denmark, Copenhagen, Denmark. 2Faculty of Health and Medical
Sciences, Copenhagen University, Copenhagen, Denmark. 3Mental Health
Centre Stolpegaard, Mental Health Services in the Capital Region of Denmark,


https://doi.org/10.1186/s13643-024-02729-4
https://doi.org/10.1186/s13643-024-02729-4

Petersen et al. Systematic Reviews (2025) 14:5

Gentofte, Denmark. “Department of Psychology, University of Copenhagen,
Copenhagen, Denmark. >Department of Regional Health Research, The Fac-
ulty of Health Sciences, University of Southern Denmark, Odense, Denmark.
5Department of Cardiology and Endocrinology, Slagelse Hospital, Region

of Zealand, Slagelse, Denmark. ”Unit of Pediatrics, Hospital Vithas Almerfa,
Instituto Hispalense de Pediatria, Almerfa, Andalusia, Spain. éDepartment

of Nursing, Physiotherapy, and Medicine, Faculty of Health Sciences, University
of Almerfa, Almerfa, Spain.

Received: 1 February 2024 Accepted: 30 November 2024
Published online: 06 January 2025

References

1. Ogle GD, James S, Dabelea D, Pihoker C, Svennson J, Maniam J, et al.
Global estimates of incidence of type 1 diabetes in children and ado-
lescents: results from the International Diabetes Federation Atlas, 10th
edition. Diabetes Res Clin Pract. 2022;183:109083.

2. Geographic patterns of childhood insulin-dependent diabetes mel-
litus. Diabetes Epidemiology Research International Group. Diabetes.
1988;37(8):1113-9.

3. Levy-Marchal C, Patterson CC, Green A, Europe EASG, Diabetes. Diabetes.
Geographical variation of presentation at diagnosis of type | diabetes
in children: the EURODIAB study. European and Dibetes. Diabetologia.
2001;44(Suppl 3):875-80.

4. Maahs DM, West NA, Lawrence JM, Mayer-Davis EJ. Epidemiology of type
1 diabetes. Endocrinol Metab Clin North Am. 2010;39(3):481-97.

5. Lawrence JM, Divers J, Isom S, Saydah S, Imperatore G, Pihoker C, et al.
Trends in prevalence of type 1 and type 2 diabetes in children and ado-
lescents in the US, 2001-2017. JAMA. 2021,326(8):717-27.

6. Daneman D.Type 1 diabetes. Lancet. 2006;367(9513):847-58.

7. Ziegler AG, Rewers M, Simell O, Simell T, Lempainen J, Steck A, et al.
Seroconversion to multiple islet autoantibodies and risk of progression to
diabetes in children. JAMA. 2013;309(23):2473-9.

8. Penno MA, Couper JJ, Craig ME, Colman PG, Rawlinson WD, Cotterill
AM, et al. Environmental determinants of islet autoimmunity (ENDIA): a
pregnancy to early life cohort study in children at-risk of type 1 diabetes.
BMC Pediatr. 2013;13:124.

9. Besser REJ, Bell KJ, Couper JJ, Ziegler AG, Wherrett DK, Knip M, et al. ISPAD
clinical practice consensus guidelines 2022: stages of type 1 diabetes in
children and adolescents. Pediatr Diabetes. 2022;23(8):1175-87.

10. Dabelea D, Rewers A, Stafford JM, Standiford DA, Lawrence JM, Saydah S,
et al. Trends in the prevalence of ketoacidosis at diabetes diagnosis: the
SEARCH for diabetes in youth study. Pediatrics. 2014;133(4):e938-45.

11. Jensen ET, Stafford JM, Saydah S, D'Agostino RB, Dolan LM, Lawrence JM,
et al. Increase in prevalence of diabetic ketoacidosis at diagnosis among
youth with type 1 diabetes: the SEARCH for Diabetes in Youth Study.
Diabetes Care. 2021;44(7):1573-8.

12. Grosse J, Hornstein H, Manuwald U, Kugler J, Glauche |, Rothe U. Inci-
dence of diabetic ketoacidosis of new-onset type 1 diabetes in children
and adolescents in different countries correlates with Human Develop-
ment Index (HDI): an updated systematic review, meta-analysis, and
meta-regression. Horm Metab Res. 2018;50(3):209-22.

13. Bjornstad P, Dart A, Donaghue KC, Dost A, Feldman EL, Tan GS, et al. ISPAD
clinical practice consensus guidelines 2022: microvascular and macro-
vascular complications in children and adolescents with diabetes. Pediatr
Diabetes. 2022;23(8):1432-50.

14. Use of glycated haemoglobin (HbA1c) in the diagnosis of diabetes mel-
litus: abbreviated report of a WHO consultation. Geneva: World Health
Organization; 2011.

15. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D,
et al. 14. Children and adolescents: standards of care in diabetes-2023.
Diab Care. 2023;46(Suppl 1):5230-53.

16. Ferber C, Mao CS, Yee JK. Type 1 diabetes in youth and technology-based
advances in management. Adv Pediatr. 2020;67:73-91.

17. (FDA) USFDA. Drug approvals and databases. Available from: https://
www.fda.gov/drugs/development-approval-process-drugs/drug-appro
vals-and-databases.

18. Ryan C, Gurtunca N, Becker D. Hypoglycemia: a complication of diabetes
therapy in children. Seminars in Pediatric Neurology. 2005;12(3):163-77.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

Page 10 of 11

. Calliari LE, AlImeida FJ, Noronha RM. Infections in children with diabetes. J

Pediatr (Rio J). 2020;961 Suppl 1(Suppl 1):39-46.

Kitabchi AE, Gosmanov AR. Safety of rapid-acting insulin analogs versus
regular human insulin. Am J Med Sci. 2012,344(2):136-41.

Sharma AK, Taneja G, Kumar A, Sahu M, Sharma G, Kumar A, et al. Insulin
analogs: glimpse on contemporary facts and future prospective. Life Sci.
2019;219:90-9.

Fullerton B, Siebenhofer A, Jeitler K, Horvath K, Semlitsch T, Berghold

A, et al. Short-acting insulin analogues versus regular human insulin

for adults with type 1 diabetes mellitus. Cochrane Database Syst Rev.
2016;2016(6):CD012161.

Nicolucci A, Ceriello A, Di Bartolo P, Corcos A, Orsini FM. Rapid-acting
insulin analogues versus regular human insulin: a meta-analysis of
effects on glycemic control in patients with diabetes. Diabetes Ther.
2020;11(3):573-84.

Sanches ACC, Correr CJ, Venson R, Gongalves PR, Garcia MM, Piantavini
MS, Pontarolo R. Insulin analogues versus human insulin in type 1 diabe-
tes: direct and indirect meta-analyses of efficacy and safety. Braz J Pharm
Sci. 2013;49(3):501-9.

Melo KFS, Bahia LR, Pasinato B, Porfirio GJM, Martimbianco AL, Riera R,

et al. Short-acting insulin analogues versus regular human insulin on
postprandial glucose and hypoglycemia in type 1 diabetes mellitus: a
systematic review and meta-analysis. Diabetol Metab Syndr. 2019;11:2.
Norgaard K, Sukumar N, Rafnsson SB, Saravanan P. Efficacy and safety of
rapid-acting insulin analogs in special populations with type 1 diabetes
or gestational diabetes: systematic review and meta-analysis. Diabetes
Ther.2018;9(3):891-917.

Rodriguez-Gutierrez R, Gonzalez-Gonzalez JG, Zuniga-Hernandez JA,
McCoy RG. Benefits and harms of intensive glycemic control in patients
with type 2 diabetes. BMJ. 2019;367: 15887.

Fleming TR, Powers JH. Biomarkers and surrogate endpoints in clinical
trials. Stat Med. 2012;31(25):2973-84.

Garattini S, Jakobsen JC, Wetterslev J, Bertele V, Banzi R, Rath A, et al.
Evidence-based clinical practice: overview of threats to the validity of
evidence and how to minimise them. Eur J Intern Med. 2016;32:13-21.
Fleming TR, DeMets DL. Surrogate end points in clinical trials: are we
being misled? Ann Intern Med. 1996;125(7):605-13.

Jakobsen JC, Nielsen EE, Feinberg J, Katakam KK, Fobian K, Hauser G, et al.
Direct-acting antivirals for chronic hepatitis C. Cochrane Database Syst
Rev.2017;9(9):CD012143.

Grey P, Grey A, Bolland MJ. Outcomes, interventions and funding

in randomised research published in high-impact journals. Trials.
2018;19(1):592.

Byrne M, O'Connell A, Egan AM, Dinneen SF, Hynes L, O'Hara MC, et al. A
core outcomes set for clinical trials of interventions for young adults with
type 1 diabetes: an international, multi-perspective Delphi consensus
study. Trials. 2017;18(1):602.

Kahler P, Grevstad B, Aimdal T, Gluud C, Wetterslev J, Lund SS, et al. Target-
ing intensive versus conventional glycaemic control for type 1 diabetes
mellitus: a systematic review with meta-analyses and trial sequential
analyses of randomised clinical trials. BMJ Open. 2014;4(8):e004806.
Diabetes C, Complications Trial Research G, Nathan DM, Genuth S, Lachin
J, Cleary P, et al. The effect of intensive treatment of diabetes on the
development and progression of long-term complications in insulin-
dependent diabetes mellitus. N Engl J Med. 1993;329(14):977-86.
Srinivasan B, Davies M, Lawrence |. Diabetes: glycaemic control in type 1.
BMJ Clin Evid. 2008;2008:0607.

Reichard P, Britz A, Cars |, Nilsson BY, Sobocinsky-Olsson B, Rosenqvist U.
The Stockholm Diabetes Intervention Study (SDIS): 18 months'results.
Acta Med Scand. 1988;224(2):115-22.

Egger M, Davey Smith G, Stettler C, Diem P. Risk of adverse effects of
intensified treatment in insulin-dependent diabetes mellitus: a meta-
analysis. Diabet Med. 1997;14(11):919-28.

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015: elaboration and explanation. BMJ : British Medical
Journal. 2015;349: g7647.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1.


https://www.fda.gov/drugs/development-approval-process-drugs/drug-approvals-and-databases
https://www.fda.gov/drugs/development-approval-process-drugs/drug-approvals-and-databases
https://www.fda.gov/drugs/development-approval-process-drugs/drug-approvals-and-databases

Petersen et al. Systematic Reviews

41.

42.

43.

44,
45,

46.

47.

48.

49.

50.

51

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

(2025) 14:5

Guideline for good clinical practice E6(R2): Committee for Human
Medicinal Products; 2016. Available from: https://www.ema.europa.eu/
en/documents/scientific-guideline/ich-guideline-good-clinical-practice-
e6r2-step-5_en.pdf.

Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health

survey (SF-36). . Conceptual framework and item selection. Med Care.
1992;30(6):473-83.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Int J Surg.
2010;8(5):336-41.

StataCorp. Stata statistical software: : College Station, TX: StataCorp LLC;
2019 Available from: http://www.stata.com.

TSA - trial sequential analysis: Copenhagen Trial Unit; Available from:
http://www.ctu.dk/tsa/.

Thorlund KEJB, J; Imberger, G; Gluud, C. User manual for trial sequential
analysis (TSA)2011. Available from: http://www.ctudk/tsa/files/tsa_manua
lpdf.

The World Bank Group. World Bank Group country classifications by
income level for FY24 (July 1, 2023- June 30, 2024) 2023 Available from:
https://blogs.worldbank.org/opendata/new-world-bank-group-country-
classifications-income-level-fy24.

Lundh A, Lexchin J, Mintzes B, Schroll JB, Bero L. Industry sponsorship and
research outcome. Cochrane Database Syst Rev. 2017,2(2):MR000033.
https://doi.org/10.1002/14651858 MR000033.pub3.

Higgins JT, J; Chandler, J; Cumpston, M; Li, T; Page, M; Welch, V. Cochrane
handbook for systematic reviews of interventions 2022. Available from:
https://training.cochrane.org/handbook/current.

Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should
multiple imputation be used for handling missing data in randomised
clinical trials — a practical guide with flowcharts. BMC Med Res Methodol.
2017;17(1):162.

Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, Welch Ve.
Cochrane handbook for systematic reviews of interventions version 6.2
(updated February 2021) Cochrane: Cochrane; 2021. Available from:
www.training.cochrane.org/handbook.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med. 2002;21(11):1539-58.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ. 2003;327(7414):557-60.

Harbord RM, Egger M, Sterne JA. A modified test for small-study effects
in meta-analyses of controlled trials with binary endpoints. Stat Med.
2006;25(20):3443-57.

Elbourne DR, Altman DG, Higgins JP, Curtin F, Worthington HV, Vail A.
Meta-analyses involving cross-over trials: methodological issues. Int J
Epidemiol. 2002;31(1):140-9.

Keus F, Wetterslev J, Gluud C, van Laarhoven CJHM. Evidence at a glance:
error matrix approach for overviewing available evidence. BMC Med Res
Methodol. 2010;10(1):90.

Jakobsen JC, Wetterslev J, Winkel P, Lange T, Gluud C. Thresholds for statis-
tical and clinical significance in systematic reviews with meta-analytic
methods. BMC Med Res Methodol. 2014;14(1):120. https://doi.org/10.
1186/1471-2288-14-120.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177-88.

Demets DL. Methods for combining randomized clinical trials: strengths
and limitations. Stat Med. 1987;6(3):341-50.

Wetterslev J, Thorlund K, Brok J, Gluud C. Trial sequential analysis may
establish when firm evidence is reached in cumulative meta-analysis. J
Clin Epidemiol. 2008;61(1):64-75.

Brok J, Thorlund K, Gluud C, Wetterslev J. Trial sequential analysis reveals
insufficient information size and potentially false positive results in many
meta-analyses. J Clin Epidemiol. 2008;61(8):763-9.

Brok J, Thorlund K, Wetterslev J, Gluud C. Apparently conclusive
meta-analyses may be inconclusive-trial sequential analysis adjust-
ment of random error risk due to repetitive testing of accumulating

data in apparently conclusive neonatal meta-analyses. Int J Epidemiol.
2009;38(1):287-98.

Thorlund K, Devereaux PJ, Wetterslev J, Guyatt G, loannidis JP, Thabane L,
et al. Can trial sequential monitoring boundaries reduce spurious infer-
ences from meta-analyses? Int J Epidemiol. 2009;38(1):276-86.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

Page 11 of 11

Wetterslev J, Thorlund K, Brok J, Gluud C. Estimating required information
size by quantifying diversity in random-effects model meta-analyses.
BMC Med Res Methodol. 2009;9(1):86.

Thorlund K, Anema A, Mills E. Interpreting meta-analysis according to
the adequacy of sample size. An example using isoniazid chemoprophy-
laxis for tuberculosis in purified protein derivative negative HIV-infected
individuals. Clin Epidemiol. 2010;2:57-66.

Imberger G, Thorlund K, Gluud C, Wetterslev J. False-positive findings in
Cochrane meta-analyses with and without application of trial sequential
analysis: an empirical review. BMJ Open. 2016;6(8): €011890.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,
Schinemann HJ. GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ. 2008,;336(7650):924-6.
Guyatt GH, Oxman AD, Schiinemann HJ, Tugwell P, Knottnerus A. GRADE
guidelines: a new series of articles in the Journal of Clinical Epidemiology.
J Clin Epidemiol. 2011;64(4):380-2.

Schinemann HJ, Best D, Vist G, Oxman AD. Letters, numbers, symbols
and words: how to communicate grades of evidence and recommenda-
tions. CMAJ. 2003;169(7):677-80.

Keus F, Wetterslev J, Gluud C, van Laarhoven CJ. Evidence at a glance:
error matrix approach for overviewing available evidence. BMC Med Res
Methodol. 2010;10:90.

Thorlund K, Engstrem J, Wetterslev J, Brok J, Imberger G, Gluud C. Copen-
hagen Trial Unit. TSA - trial sequential analysis. Available from: http://
www.ctu.dk/tsa/.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,
Schiinemann HJ. GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ. 2008;336:924-6.
Schinemann HJ, Best D, Vist G, Oxman AD. Letters, numbers, symbols
and words: how to communicate grades of evidence and recommenda-
tions. Can Med Assoc J. 2003;169:677-80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-good-clinical-practice-e6r2-step-5_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-good-clinical-practice-e6r2-step-5_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-good-clinical-practice-e6r2-step-5_en.pdf
http://www.stata.com
http://www.ctu.dk/tsa/
http://www.ctudk/tsa/files/tsa_manualpdf
http://www.ctudk/tsa/files/tsa_manualpdf
https://blogs.worldbank.org/opendata/new-world-bank-group-country-classifications-income-level-fy24
https://blogs.worldbank.org/opendata/new-world-bank-group-country-classifications-income-level-fy24
https://doi.org/10.1002/14651858.MR000033.pub3
https://training.cochrane.org/handbook/current
http://www.training.cochrane.org/handbook
https://doi.org/10.1186/1471-2288-14-120
https://doi.org/10.1186/1471-2288-14-120
http://www.ctu.dk/tsa/
http://www.ctu.dk/tsa/

	Regular human insulins versus rapid-acting insulin analogues in children and adolescents with type 1 diabetes: a protocol for a systematic review with meta-analysis and Trial Sequential Analysis
	Abstract 
	Background 
	Methods 
	Discussion 
	Systematic review registration 

	Introduction
	Description of the condition
	Description of the interventions
	Previous evidence
	Does strict glycemic control lead to fewer complications?

	Methods
	Criteria for considering studies for this review
	Types of studies
	Types of participants
	Types of interventions

	Outcome measures
	Primary outcomes
	Secondary outcomes
	Exploratory outcomes
	Assessment time points

	Search methods for identification of studies
	Electronic searches
	Searching other resources

	Data collection
	Selection of randomized clinical trials
	Data extraction and management
	Trial characteristics
	Participant characteristics
	Experimental intervention characteristics
	Control intervention characteristics
	Outcomes
	Notes

	Assessment of risk of bias in the included studies
	Differences between the protocol and the review
	Measurement of treatment effect
	Dichotomous outcomes
	Continuous outcomes

	Dealing with missing data
	Dichotomous outcomes
	Continuous outcomes

	Assessment of heterogeneity
	Assessment of reporting biases
	Unit of analysis issues
	Data synthesis
	Meta-analysis
	Trial Sequential Analysis

	Subgroup analyses and integration of heterogeneity
	Subgroup analyses
	Sensitivity analysis

	Summary of findings table

	Discussion
	Acknowledgements
	References


