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ABSTRACT
Introduction Therapeutic management of neonatal pain 
is essential to reduce changes in initial and subsequent 
development. Although glucose has been shown to be 
effective in relieving pain, concentrations and dosages 
remain to be standardised. The objective of this systematic 
review and meta- analysis is to identify the efficacy of 
glucose as an analgesic in preterm infants.
Methods and analysis The Web of Science, Science 
Direct, Scopus, Cochrane Central Register of Controlled 
Trials,  ClinicalTrials. gov, PubMed, Medline, Latin American 
and Caribbean Health Sciences Literature and Embase 
databases will be researched for randomised studies 
published until December 2021. This systematic review 
and meta- analysis will include studies investigating the 
use of glucose for pain control in premature neonates. The 
primary outcome will be pain relief. Three independent 
reviewers will select the studies and extract the data 
from original publications. The risk of bias was assessed 
using the Cochrane risk of bias tool. Data synthesis 
will be performed using the Review Manager software 
(RevMan V.5.2.3). We will evaluate heterogeneity based 
on I2 statistics. In addition, quantitative synthesis will 
be performed if the included studies are sufficiently 
homogeneous.
Ethics and dissemination Ethical approval for the 
research will not be required for this systematic 
review. The results of this study will be published in an 
international journal.
Trial registration number This protocol was submitted 
to the International Prospective Register of Systematic 
Reviews (PROSPERO, number CRD42021236217).

INTRODUCTION
Description of the condition
Neonatal pain is an extremely important 
component in the therapeutic management 
of children. Over the years this issue has been 
the focus of research, our understanding of 
pain management in neonatal care has under-
gone several transformations. Though previ-
ously considered a non- existent element, the 
concept of pain management as an integral 
part of neonatal care has gained attention.1

The challenges of adaptation to extra-
uterine life may lead to the requirement of 
care for newborns in neonatal intensive care 
or intermediate care units. These environ-
ments provide treatments to improve clinical 
evolution. However, many of these measures 
involve painful procedures, and babies are 
exposed to an estimated 7–17 potentially 
painful procedures daily.2 In addition, stress 
related to neonatal pain in prematurely born 
children is associated with significant early 
and later developmental changes such as 
postnatal growth retardation, a deficit in early 
neurodevelopment, exacerbated cortical acti-
vation and altered brain development.3

Cumulative exposure to pain has the poten-
tial to impair brain development in preterm 
infants,4 and the exposure of preterm 
neonates to stress has been related to epigen-
etic modulation. Therefore, effective and safe 
strategies are needed for the treatment of 
neonatal pain through the use of sweet solu-
tions. Considering that new clinical research 
is constantly being conducted internationally, 
it is an opportune time to carry out periodi-
cally updated analyses to verify the findings.5

Description and mechanism of the intervention
Pharmacological therapies such as sweet solu-
tions for the relief of mild to moderate pain, 
as well as non- pharmacological measures 
such as non- nutritive sucking, breast feeding, 

Strengths and limitations of this study

 ► Three reviewers will independently select eligible 
studies, extract data and evaluate the risk of bias.

 ► In case of unavailable full texts, we will contact the 
corresponding authors to access the study.

 ► No establishing language restrictions will be used.
 ► The data may not be available to allow a 
meta- analysis.
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skin- to- skin contact and facilitated containment have 
been effective as rated by the American Academy of Pedi-
atrics 2016.6–8

Although sucrose solution is used internationally to 
study the behavioural effects in the control of neonatal 
pain, its effect on brain activity after a painful procedure 
remains uncertain.9 Therefore, it is extremely important 
to investigate the analgesic effects of alternative solu-
tions such as glucose.10 Although there is no scientific 
consensus between dose and concentration, it was esti-
mated that 20%–30% glucose would be sufficient for 
pain relief in neonates.11 12 However, it is still necessary 
to investigate and determine safe and effective standard 
doses and concentrations.

The mechanism of analgesia induced by sweet solu-
tions has not been fully elucidated. While animal studies 
provided more convincing evidence of the involvement 
of the endogenous opioid system, human studies are 
ambiguous. Thus, to date, evidence supports the theory 
that analgesia induction mechanism can be mediated by 
opioid and non- opioid pathways.13

Significance of this review
The administration of a minimal effective concentration 
and dosage for procedural pain relief is crucial for non- 
iatrogenic pain treatment.9 11–16 In this sense, it is worth 
mentioning that neonatal pain has been undertreated in 
health services.1 Neonates need adequate treatment for 
procedural pain management.1 9 11–16 Therefore, studies 
with concrete and reliable scientific data are desirable 
to facilitate changes in institutional protocols for pain 
management.

In addition, inadequate management of procedural 
pain may lead to decreased transcutaneous oxygen satura-
tion, increased heart and respiratory rates, and increased 
cortisol levels in children,1 as well as other more severe 
developmental changes such as postnatal growth retar-
dation, early neurodevelopmental deficits, exacerbated 
cortical activation and altered brain development.3

Considering the range of effects observed with inade-
quate neonatal pain management in premature infants,2–5 
there is an urgent need to investigate safe and effective 
alternatives for this population.

Objectives
The objective of this systematic review protocol and meta- 
analysis is to identify the efficacy of glucose as an anal-
gesic intervention in preterm infants.

METHODS AND ANALYSIS
This protocol was submitted and approved by the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO, number CRD42021236217). The Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
(PRISMA)17 are used to design this protocol.

Eligibility criteria
Studies that meet the following criteria will be included: 
randomised clinical trials conducted with premature 

neonates that evaluate glucose concentrations and/or 
doses in the management of neonatal procedural pain. 
There were no language restrictions when selecting the 
studies.

Studies with neonatal patients in the immediate post-
operative period, babies with neurological disorders, 
sedated patients and non- validated pain assessment scales 
will be excluded.

Patients, intervention, comparisons, results and type of study
Patients: Premature newborns (human babies born 
before 37 weeks of gestation),18 hospitalised in the 
neonatal intensive care unit requiring painful thera-
peutic/diagnostic procedures and, consequently, thera-
peutic management of pain.

 ► Late premature: Newborn with 32 to less than 37 
weeks of gestational age.18

 ► Very premature: Newborn with 28 weeks to less than 
32 weeks of gestational age.18

 ► Extreme premature: Newborn under 28 weeks of 
gestational age.18

Intervention: Oral administration of glucose for the 
management of procedural pain.19

Comparison/control
 ► Absence of therapy for pain management7 20

 ► Placebo
 ► Different glucose doses/concentrations7 20

 ► Sucrose/sweet solutions7 10

 ► Music therapy21

 ► The Kangaroo method22

 ► Non- nutritive sucking18

 ► Breast milk23

 ► Breast feeding23

 ► Facilitated tucking.20

Primary outcome
Pain assessed by validated pain measurement tools.

 ► Neonatal Facial Coding System3

 ► Premature Infant Pain Profile13

 ► Premature Infant Pain Profile - Revised13

 ► Neonatal Pain and Sedation Scale11

 ► Neonatal Infant Pain Scale12

 ► Behavioral Indicators of Infant Pain12

In addition to the aforementioned neonatal pain assess-
ment scales, there were no limitations on assessment 
instruments, as long as they are cited in primary studies.

Secondary outcome: Infant heart rate, oxygen satura-
tion, crying time, and newborn salivary cortisol level24 
and neurophysiological assessment.25 26

Type of study: This systematic review and meta- analysis 
will include randomised clinical trials.

Involvement of the patients and the public
Patients and the public will not be involved.

Search strategy
The search strategies in this study will be applied to the 
Web of Science, Science Direct, Scopus, Cochrane Central 
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Register of Controlled Trials,  ClinicalTrials. gov, PubMed/
Medline, Latin American and Caribbean Health Sciences 
Literature, and Embase databases to search for articles 
published until December 2021. Search strategies for 
each database are listed in the supplementary file.

An initial limit in the research period is not included. 
Thus, we will search for studies published until December 
2021. Furthermore, grey literature will be searched using 
appropriate databases (eg, OpenGrey) and we will analyse 
the reference lists, as appropriate, in terms of studies that 
contribute to the composition of the sample corpus. To 
expand the content that will compose the sample corpus 
of this work, there will be no language restrictions.

The descriptors used in data search will include the 
following: (newborn OR infant OR extremely premature 
OR neonate) AND (glucose OR sweet solutions OR sweet- 
tasting solution) AND (music therapy OR kangaroo- 
mother care method OR breast milk OR breastfeeding 
OR sucking behavior OR facilitated tucking) AND (pain 
management OR analgesia) AND (randomized clinical 
trial) (table 1). Eligible studies will also be selected from 
the reference lists of the recovered articles.

Data collection and analysis
Selection of studies
Three authors (DJDO, KSM and MLCS) will inde-
pendently track the search results according to the 
review search terms. Duplicate studies and reviews will 
be excluded. Two reviewers, DJDO and ACAS, will then 
review the full text to determine if the studies meet the 
inclusion criteria. Discrepancies will be resolved by a third 
reviewer (KSM). The selection of studies is summarised in 
the PRISMA18 flow chart (figure 1).

For the selection of studies, we will use Rayyan, an 
intelligent online tool for screening papers in systematic 
reviews.27

Data extraction and management
The data will be extracted by DJDO, KSM and MLCS. The 
extracted characteristics will include the surnames of the 
first authors, year of publication, study location (country), 
study design, primary objective, population, sample size, 
period and follow- up, inclusion/exclusion criteria, doses 
and/or glucose concentrations used, controls, scales used, 
biological variables (average days of life, gestational age, 
corrected gestational age, Appearance, Pulse, Grimace, 
Activity, and Respiration Index, basic pathologies) and 
primary results.

Standardised data extraction forms will be created for 
this review, and the results will subsequently be entered 
into a database. All data entries will be double- checked.

Addressing lost data
In case of missing data, the authors will attempt to contact 
the first authors, coauthors or corresponding authors of 
the article by phone, email or post. If the necessary infor-
mation cannot be obtained, the data will be excluded 
from the analysis and will be addressed in the discussion 
section.

Bias risk assessment
Two authors, DJDO and MLCS, will independently assess 
the risk of bias in eligible studies using Cochrane’s Risk 
of Bias tool.28 The risk of bias will be categorised as high, 

Table 1 Search strategy

1 Newborn

2 Infant

3 Premature

4 Extremely premature

5 Neonate

6 Glucose

7 Sweet solutions

8 Sweet- tasting solution

9 Music therapy

10 Facilitated tucking

11 Kangaroo- mother care method

12 Breast milk

13 Breastfeeding

14 Sucking behavior

15 Pain management

16 Analgesia

17 Randomized clinical trial

1–5 AND 6–8 AND 9–14 AND 15–16 AND 17

Figure 1 Flow diagram of the search for eligible studies 
on oral glucose in pain management: CENTRAL, Cochrane 
Central Register of Controlled Trials.
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low or unclear for individual elements among the items 
listed in the five domains (selection, performance, fric-
tion, reporting and others).

Heterogeneity assessment
The heterogeneity among the study results will be eval-
uated using standard χ2 tests with a significance level of 
p<0.1. The I2 values, which are a quantitative measure 
of inconsistency between studies, will be calculated, with 
values of 0% and ≥50% indicating no heterogeneity 
and considerable levels of heterogeneity, respectively. 
However, heterogeneity will be assessed only if it is appro-
priate to conduct a meta- analysis.

Analysis
The data will be analysed using Review Manager software 
(RevMan V.5.2.3). For dichotomous results, the ORs and 
95% CIs will be extracted/calculated from each study. In 
case of heterogeneity (I2 ≥50%), random- effects models 
will be used to combine the studies to calculate the ORs 
and 95% CIs using the DerSimonian- Laird algorithm, 
which provides functions to conduct meta- analyses in R. 
For meta- analysis of continuous data, the mean difference 
and the standardised mean difference will be realised.

Other features and results of the study will be 
summarised in a table, in case the meta- analysis cannot 
include all or some of the studies. Sensitivity analyses 
will be used to explore the robustness of the conclu-
sions regarding study quality and sample sizes, which 
will be possible only if the proposed meta- analysis of the 
studies is feasible. The results of sensitivity analysis will be 
summarised in a table.

Evaluation of the quality of the evidence
To classify the strength of the evidence from the included 
data, the Grading of Recommendations Assessment, 
Development and Evaluation approach will be used. The 
summary of the entire evaluation will be incorporated 
into the broader measurements to allow the assessment 
of bias risk, consistency, candour and accuracy.29

Ethics and dissemination
Considering the use of previously published data, ethical 
approval of the research is not required for this system-
atic review. The results of this study will be published 
in an international journal. If new and robust evidence 
becomes available, the results will be updated.

DISCUSSION
In this systematic review and meta- analysis, we aim to eval-
uate the efficacy of glucose as an analgesic intervention 
in preterm infants. Exposure to pain negatively affects 
child development, with short- term and long- term effects, 
such as prolonged and chronic pain, as well as changes in 
neurobehavioural responses to future painful episodes.24 
For children born prematurely, pain- related stress is asso-
ciated with significant changes in early and later devel-
opment, such as postnatal growth retardation, deficits in 

early neurodevelopment, exacerbated cortical activation 
and altered brain development.3

The cortical effect of sucrose on pain control remains 
controversial. A recent study showed that, although it reduced 
acute pain behaviour in babies, the sucrose did not induce 
cerebral effects.9 Glucose, regardless of its association with 
maternal restraint, has been shown to help block or weaken 
the processing of cortical pain in neonates.12 However, it is 
necessary to accurately determine the minimum dose and 
concentration to avoid iatrogenic events.

Discussion on the adverse events that occur in the long 
term is still incipient in the literature. Regarding short- term 
events, there is mention of minor events (such as choking 
and suffocation) that occur in different therapies, including 
glucose.15 We expect that our study will provide accurate 
data about the efficacy of glucose as an analgesic interven-
tion in preterm infants, in addition to determining sufficient 
concentration and dosage for neonatal analgesia, contrib-
uting to safe and effective clinical practices.
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