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ABSTRACT
Objectives To synthesise current evidence from 
systematic reviews (SRs) regarding the efficacy and safety 
of non- pharmacological interventions to prevent and treat 
pain in newborn infants.
Design Overview of SRs.
Data sources We searched PubMed, Embase, Cochrane 
Library, Web of Science, CINAHL, Chinese National Knowledge 
Infrastructure (CNKI), Chinese Biomedical Literature Database 
(CBM), Wanfang Database, Chinese Science and Technology 
Periodical Database (VIP) and Google Scholar to identify all 
relevant SRs published in the last 5 years.
Eligibility criteria for selecting studies We included 
SRs that evaluated the efficacy and safety of non- 
pharmacological interventions for neonatal pain.
Data extraction and synthesis Two reviewers 
independently extracted the data, assessed the 
methodological quality using a Measurement Tool to 
Assess Systematic Reviews (AMSTAR) 2 and graded the 
evidence quality with the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE).
Results A total of 29 SRs were included in this overview, 
of which 28 focused on procedural pain and only 1 
focused on postoperative pain. Based on AMSTAR 2, 
seven reviews were found to be of ‘high quality‘, eight 
of ‘moderate quality’, five of ‘low quality’ and nine of 
‘critically low quality’. The GRADE results suggested that 
facilitated tucking, kangaroo care, sweet solutions, familiar 
odour or combined non- pharmacological interventions, 
such as a combination of sucrose and non- nutritive 
sucking, were effective and safe in reducing pain from 
medical procedures in neonates. However, sucrose alone 
was less effective than local anaesthesia or a combination 
of the two during circumcision.
Conclusions Facilitated tucking, small volumes of 
sweet solutions, kangaroo care and familiar odour were 
recommended. Scientific implementation strategies should 
be developed to promote the clinical use of these effective 
non- pharmacological interventions. Meanwhile, further 
rigorous trials and SRs are needed to identify the best 
non- pharmacological approaches for pain from common 
surgery and illnesses in neonates.
PROSPERO registration number CRD42021292583.

INTRODUCTION
Infants admitted to the neonatal intensive 
care unit (NICU) experience a high prev-
alence of painful stimuli. On average, the 

number of daily acute painful events for 
hospitalised neonates can reach up to 26,1 
and the cumulative time of persistent painful 
exposure is up to 57.61 hours.2 It is confirmed 
that both preterm and term infants can recog-
nise, process and respond to painful stimuli.3 
Neonatal pain exposure can induce a series 
of neurophysiological and behavioural 
changes, associated with adverse long- term 
effects, such as feeding difficulties, hyperal-
gesia, chronic metabolic diseases2 4 and even 
poorer cognitive scores, motor ability, and 
behavioural control ability in childhood.5

Neonatal caregivers should fulfil the obli-
gation to provide newborns with analgesic 
treatment, given the well- established harmful 
impact of painful experiences in early life.6 
Although both non- pharmacological and 
pharmacological methods can be used to 
alleviate pain and suffering in neonates, 
non- pharmacological approaches are recom-
mended as the first- line treatment according 
to guidelines of neonatal pain manage-
ment.7 8 Non- pharmacological analgesia is 
preferred not only because it is ethical but 
also because of its high benefit–risk ratio. 
Non- pharmacological therapies,9 comprising 
more than a dozen strategies such as non- 
nutritive sucking (NNS), sweet solutions, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This overview synthesised the latest evidence on 
non- pharmacological interventions for neonatal 
pain based on the findings of systematic reviews, 
which provided more extensive and direct evidence 
for clinical workers in neonatal intensive care units.

 ⇒ This overview was predesigned following the 
Cochrane Handbook, which reduced the risk of bias 
and increased the reliability of our overview.

 ⇒ Some information might have been missed since 
only English and Chinese studies were included in 
this overview.

 ⇒ As high- quality evidence emerges, the conclusions 
of this overview may be affected by newly published 
literature.
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breast feeding, kangaroo care (KC) and music therapy, 
can reduce neonatal pain directly by blocking the trans-
mission of nociception or activating descending inhibi-
tory pathways, and indirectly by reducing the total amount 
of nociceptive stimuli to which infants are exposed.10 
Furthermore, they also show greater advantages on 
account of their low risk and lack of side effects, ease of 
implementation, low cost, and nurse- friendliness.

Systematic reviews (SRs), considered as high- quality 
evidence, have been increasingly developed to investi-
gate the efficacy and safety of non- pharmacological inter-
ventions for neonatal pain. However, a large amount of 
information can make it difficult for clinicians in NICUs 
to make decisions across various analgesic interven-
tions rapidly.11 It is also unlikely to assess the efficacy of 
all non- pharmacological strategies for various painful 
stimuli in only one systematic review owing to time and 
resource limitations. For example, a Cochrane SR has 
comprehensively evaluated the efficacy of multiple non- 
pharmacological interventions for acute procedural 
pain in neonates.12 However, it still does not include all 
types of non- pharmacological treatments, such as KC and 
music therapy, or all types of pain, such as postoperative 
pain and persistent pain. Furthermore, when conducting 
SRs, the reliability of their findings is susceptible to 
various risks of bias.13 The decision- makers would thus 
be misled if SRs were recommended for clinical practice 
without rigorous quality evaluation. Therefore, it is neces-
sary to assess the quality of SRs and aggregate high- quality 
evidence to provide direct guidance for pain manage-
ment practices in NICUs.

An overview is a comprehensive approach to summarise 
evidence from multiple SRs for a particular health condi-
tion in one document through a systematic literature 
search and strict quality assessment.14 Therefore, we 
conducted an overview to present comprehensive evidence 
on the efficacy and safety of non- pharmacological inter-
ventions for neonatal pain, which can aid evidence- based 
clinical decision- making and highlight current gaps in 
knowledge.

METHODS AND ANALYSIS
This overview was conducted and reported following the 
Cochrane Handbook for Systematic Reviews of Interven-
tions15 and the Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses (PRISMA) statement16 sepa-
rately (for the PRISMA checklist, see online supplemental 
appendix 1). The study protocol was registered in the 
International Prospective Register of Systematic Reviews 
(PROSPERO, https://www.crd.york.ac.uk/prospero/). 
We developed this overview by following a predetermined 
protocol. Significantly, we reported pain assessment and 
non- pharmacological and pharmacological treatments 
separately. This study provides an overview of the effi-
cacy and safety of non- pharmacological interventions for 
neonatal pain, while the other two reports are currently 
under review.

Inclusion and exclusion criteria
The inclusion criteria were (1) types of participants: 
preterm or term neonates who underwent one or more 
painful stimuli during their hospital stay in the NICU; (2) 
types of interventions for pain relief: non- pharmacological 
therapies, including but not limited to sucrose, glucose, 
breast feeding, NNS, KC, swaddling, music therapy and 
touch.9 Actually, whether sucrose and glucose are non- 
pharmacological or pharmacological analgesics is still 
controversial. We included sucrose and glucose as non- 
pharmacological treatments in this study according to 
the recommendations of the guidelines17; (3) types of 
outcomes: pain scores measured by a validated scale and 
incidence of adverse reactions were primary outcomes18; 
physiological, biochemical or behavioural indicators (eg, 
heart rate, respiratory rate, a saturation of peripheral 
oxygen in the blood, cortisol levels, cry duration and the 
proportion of time crying) were secondary outcomes; 
(4) types of reviews: SRs or meta- analyses in English or 
Chinese in which at least one randomised controlled 
trial (RCT) or non- randomised controlled studies were 
included accordingly. The exclusion criteria were as 
follows: SRs whose neonates’ data could not be extracted, 
duplicated publications, protocols of overviews, review 
comments, and conference abstracts.

Search strategy
An electronic literature search was conducted via PubMed, 
Embase, Cochrane Library, Web of Science, CINAHL, 
Chinese National Knowledge Infrastructure (CNKI), 
Chinese Biomedical Literature Database (CBM), Wanfang 
Database and Chinese Science and Technology Periodical 
Database (VIP). The search strategies were developed in 
collaboration with a librarian specialising in medical liter-
ature retrieval. The details of the search strategies with 
free- text words and subject headings are presented in 
online supplemental appendix 2. The reference lists of 
included studies and Google Scholar were screened for 
additional relevant SRs. The WHO Handbook for Guide-
line Development pointed out that guideline recommen-
dations need to be based on the best available evidence.19 
Moreover, evidence from high- quality SRs would be obso-
lete 3–5 years after publication.20 Thus, we limited the 
search period to the last 5 years, from November 2016 to 
November 2021.

Study selection and data collection
The reviewer (QS) conducted a comprehensive search 
according to a predeveloped standardised search strategy. 
After removing duplicate records with EndNote V.X9 
(Beijing, China; Clarivate), two reviewers (QS and ZH) 
independently screened for candidates according to the 
prespecified selection criteria by reading the titles and 
abstracts. Full texts were retrieved for further screening. 
Finally, bibliographical references of the included studies 
were reviewed to identify possible SRs. Any disagree-
ments after cross- checking were resolved by discussion or 
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consultation with a third reviewer (HL) if consensus was 
not reached among the designated two reviewers.

Data were independently extracted by two reviewers 
(QS and ZH) using a predefined spreadsheet in Microsoft 
Excel 2019, including authors, review title, year of publica-
tion, number of studies included, analgesic interventions, 
outcomes, quality evaluation method and conclusion. 
The extracted data were cross- checked by two reviewers 
(QS and ZH) to eliminate input errors. Differences were 
resolved through mutual discussion and consensus.

Quality assessment and strength of evidence
Two qualified reviewers (QS and ZH) trained in the Fudan 
University Center for Evidence- based Nursing (A JBI 
Centre of Excellence) independently evaluated the meth-
odological quality of the included SRs using a Measure-
ment Tool to Assess Systematic Reviews (AMSTAR) 2.13 
Then, the results were cross- checked, and disagreements 
were resolved by group discussion or were arbitrated 
by a third reviewer (XL). The checklist consisted of 16 
items, 6 of which were identified as critical domains (Item 
4, 7, 9, 11, 13 and 15) based on the AMSTAR 2 guide-
line and group discussions.13 Each item was evaluated as 
‘yes’, ‘partial yes’, ‘no’ and ‘no meta- analysis conducted’ 
according to compliance with the standard. The meth-
odological quality of SRs was determined by weaknesses 
in the critical domains instead of generating an overall 
score. The overall quality was categorised as ‘high (no 
or one non- critical weakness)’, ‘moderate (more than 
one non- critical weakness)’, ‘low (one critical flaw with 
or without non- critical weaknesses)’ and ‘critically low 
(more than one critical flaw with or without non- critical 

weaknesses)’. Systematic reviews of moderate or high 
quality can provide an accurate and comprehensive 
summary of available studies.

The strength of evidence for all outcomes was assessed 
by the reviewer (QS) based on the Grading of Recom-
mendations Assessment, Development and Evaluation 
(GRADE).21 Then, the evaluation results were reviewed 
for correctness by another qualified reviewer (XL) who 
was trained in the Lanzhou University GRADE Center 
(China). If the GRADE system was applied in a system-
atic review, it was also graded by the authors. The overall 
quality of evidence was rated as follows: ‘high’, ‘moderate’, 
‘low’ and ‘very low’. Evidence based on RCTs began as 
high quality and otherwise began with low quality. The 
evidence quality was downgraded one level for serious 
or two levels for very serious limitations if there was: 
risk of bias, inconsistency across studies, indirectness of 
evidence, imprecision of estimates and publication bias.22 
A web version of the GRADE profiler Guideline Devel-
opment Tool (GRADEpro GDT, https://www.gradepro. 
org/) was used to create a summary of findings to report 
the quality of the evidence.

Data synthesis
A descriptive analysis was performed to synthesise evidence 
on the efficacy and safety of non- pharmacological treat-
ments for neonatal pain and to clarify the gaps between 
existing evidence and the clinical practice of pain manage-
ment in neonates.

Patient and public involvement
No patient or the public was directly involved in the devel-
opment of this overview of SRs.

RESULTS
Literature search
This review retrieved 331 records in total. After removing 
116 duplicates, the titles and abstracts of 215 papers 
were reviewed for eligibility. A total of 172 articles were 
excluded, leaving 43 full- text screening of which 29 arti-
cles met the inclusion criteria and were included in this 
overview.23–51 Online supplemental appendix 3 table 1 
lists the reasons for the exclusion of 14 studies. Figure 1 
shows a PRISMA diagram of the literature selection.

Characteristics of the included SRs
The characteristics of the included SRs are shown in online 
supplemental appendix 3 table 2. The number of trials 
in the SRs ranged from 3 to 168. Eighteen SRs included 
RCTs only,26–28 31–33 35–39 41 42 44 45 47 49 50 while the other 
reviews included non- RCTs, case studies and descriptive 
studies. Regarding the participants, 10 SRs were specific 
to preterm infants,26 27 31–33 37 39 40 42 43 1 SR was directed 
at term neonates30 and the other 18 SRs included both 
term and preterm neonates.23–25 28 29 34–36 38 41 44–51 The 
types of pain involved in the included SRs consisted 
of postoperative pain (3.4%), single procedural pain 

Figure 1 Flowchart of the selection process of included 
systematic reviews.
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(89.7%) and repeated procedural pain (6.9%). The 
most frequently performed procedures were heel lance 
(26.9%), venipuncture (16.7%), injection (11.5%), eye 
examination (9.0%) and suction (9.0%). A meta- analysis 
was performed in 17 SRs (58.6%). The outcomes of SRs 
included validated pain scores; physiological, behavioural 
and hormonal indicators; and adverse events. Eleven pain 
scores were included as primary outcome measures for 
analgesic efficacy, and the most commonly used scales 

were Premature Infant Pain Profile (27.1%), Neonatal 
Infant Pain Scale (19.8%), Neonatal Facial Coding System 
(13.5%), Douleur Aiguë du Nouveau- né (9.4%), Bernese 
Pain Scale for Neonates (5.2%) and Neonatal Pain Agita-
tion and Sedation Scale (5.2%). Furthermore, the inci-
dence of adverse events, such as bradycardia, tachycardia, 
desaturation, apnoea, nausea, vomiting and hypergly-
caemia, was the main indicator for evaluating the safety 
of non- pharmacological therapies. Non- pharmacological 
interventions that were demonstrated to be effective and 
safe for reducing procedural pain in neonates included 
sweet solutions, NNS, breast feeding, KC, positioning 
(facilitated tucking or swaddling), maternal voice, music 
therapy, aromatherapy, acupuncture or a combination of 
these. Whereas, for the single study of postoperative pain, 
non- pharmacological interventions alone were shown to 
be insufficiently analgesic, and pharmacological strate-
gies in addition are required.

The methodological quality of included SRs
Details of the methodological quality of the included 
SRs are presented in online supplemental appendix 3 
table 3. Seven reviews (24.2%) were found to be of ‘high 
quality’,32 33 39 44 45 49 50 eight reviews (27.6%) of ‘moderate 
quality’,25 26 29 34 35 46 48 51 five reviews (17.2%) of ‘low 
quality’23 27 37 38 47 and nine reviews (31.0%) of ‘critically 
low quality’.22 28 30 31 36 40–43 Only two SRs met all criteria 
of AMSTAR 2.45 49 Most of the remaining SRs did a good 
job on Items 1, 3–6, 8, 9, 11–14 and 16, especially did well 
in clearly describing the PICO (population, intervention, 
control group and outcome) questions, performing study 
selection and data extraction in duplicate, presenting the 
included studies in adequate detail, assessing the risk of 
bias (ROB) with a satisfactory technique and discussing 
the likely impact of ROB on the results, providing a satis-
factory explanation and discussion of any heterogeneity 
observed in the SRs, and reporting potential sources 
of conflict of interest. However, most studies showed 
shortcomings in explicitly stating that the reviews were 
conducted following a well- developed protocol and 
reported any significant deviations from the protocol, 
providing a list of excluded studies with justification, 
reporting the funding sources for the studies included in 
the reviews, and investigating publication bias. A graph-
ical representation of the methodological quality of the 
included SRs is presented in figure 2.

Quality of evidence in included SRs
The evidence quality of the primary outcomes extracted 
from included nine meta- analyses32 34 35 39 42 45 46 49 51 of 
moderate- to- high methodological quality is displayed 
with downgrading justification in online supplemental 
appendix 3 table 4. The results of the GRADE system 
showed that 6 outcomes (9.1%) were rated as high 
quality, 27 (40.9%) as moderate quality, 30 (45.5%) as 
low quality and the other 3 (4.5%) as very low quality. 
The evidence quality was downgraded mainly because of 

Figure 2 Graphical representation of the methodological 
quality of included systematic reviews. Note: (1) Did the 
research questions and inclusion criteria for the review 
include the components of PICO (population, intervention, 
control group and outcome)? (2) Did the report of the review 
contain an explicit statement that the review methods were 
established prior to the conduct of the review and did the 
report justify any significant deviations from the protocol? 
(3) Did the review authors explain their selection of the study 
designs for inclusion in the review? (4) Did the review authors 
use a comprehensive literature search strategy? (5) Did the 
review authors perform study selection in duplicate? (6) Did 
the review authors perform data extraction in duplicate? (7) 
Did the review authors provide a list of excluded studies and 
justify the exclusions? (8) Did the review authors describe 
the included studies in adequate detail? (9) Did the review 
authors use a satisfactory technique for assessing the risk 
of bias (RoB) in individual studies that were included in the 
review? (10) Did the review authors report on the sources 
of funding for the studies included in the review? (11) If 
meta- analysis was performed did the review authors use 
appropriate methods for statistical combination of results? 
(12) If meta- analysis was performed, did the review authors 
assess the potential impact of RoB in individual studies on 
the results of the meta- analysis or other evidence synthesis? 
(13) Did the review authors account for RoB in individual 
studies when interpreting/discussing the results of the 
review? (14) Did the review authors provide a satisfactory 
explanation for, and discussion of, any heterogeneity 
observed in the results of the review? (15) If they performed 
quantitative synthesis did the review authors carry out an 
adequate investigation of publication bias (small study bias) 
and discuss its likely impact on the results of the review? (16) 
Did the review authors report any potential sources of conflict 
of interest, including any funding they received for conducting 
the review?
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methodological limitations, significant heterogeneity and 
a small sample size failing to meet the optimal informa-
tion size.

Efficacy of non-pharmacological interventions for neonatal 
pain
We summarised the effective non- pharmacological inter-
ventions for reducing neonatal pain from the included 
meta- analyses with relatively high quality and presented 
them in figure 3. These analgesic interventions were 
mainly used to reduce pain from heel lance, venipuncture, 
intramuscular (IM) injection, endotracheal suctioning, 
retinopathy of prematurity (ROP) examination, gastric 
tube insertion, bladder catheterisation, circumcision and 
echocardiography.

Regarding heel lance, there was low- to- high quality 
evidence that showed a significant reduction in pain 
scores for neonates in the facilitated tucking (FT),32 skin- 
to- skin care (SSC)/KC45 or sucrose (20%–33%)49 group 
compared with routine care or no- treatment control. 
Sucrose (24%) was superior to breast feeding or laser 
acupuncture during heel stick.49 The moderate- to- high 
quality evidence indicated that sucrose (24%–30%), 
sucrose (24%–33%) and sucrose (20%–25%) were sepa-
rately effective in reducing pain during venipuncture, 
ROP examination and IM injection.49 Based on low- to- 
moderate quality of evidence, FT position could result 
in statistically significant decreases in pain during endo-
tracheal suctioning,32 while sucrose (24%)49 showed 
benefits in improving pain scores during gastric tube 

insertion, bladder catheterisation and echocardiography; 
combined non- pharmacological interventions, such as 
sucrose combined with NNS, were more beneficial than 
either method alone. In addition, SSC, sweet solutions 
and familiar natural and artificial odours appeared to 
reduce pain from non- specific painful procedures.34 46 51 
The low- quality evidence suggested that sucrose (24%) 
alone was less effective than an eutectic mixture of local 
anaesthetics cream or a combination of those two during 
circumcision.

Safety of non-pharmacological interventions for neonatal pain
Eleven of the included 29 SRs mentioned the adverse 
events of non- pharmacological interventions in treating 
neonatal pain.25 33 34 36 39 42 44 45 47 49 50 Most studies on 
non- pharmacological therapies (eg, facilitated tucking, 
KC, breast feeding, aromatherapy, acupuncture, sweet 
solutions or a combination of those) for neonatal pain 
reported no or minimal adverse effects. Meanwhile, the 
number of minor adverse events was similar across the 
groups, suggesting no contribution to adverse events of 
non- pharmacological interventions.

DISCUSSION
This overview of SRs aimed to provide comprehen-
sive evidence of non- pharmacological treatments for 
neonatal pain. Through a systematic search, it was found 
that the current SRs for non- pharmacological anal-
gesia focused on procedural pain (28 SRs), and rarely 

Figure 3 Evidence for effective non- pharmacological interventions on pain scores in neonates. Note: *IM injection, 
intramuscular injection; ROP, retinopathy of prematurity; **FT, facilitated tucking; NNS, non- nutritive sucking; TA, topical 
anaesthetic; EMLA, eutectic mixture of local anaesthetics; ***MD, mean difference; SMD, standardised mean difference.
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on postoperative pain (only 1 SR). Based on AMSTAR 
2, 13 out of the 29 SRs were rated as moderate or high 
quality. The results of the GRADE suggested that facil-
itated tucking, KC, sweet solutions, familiar odour or 
combined non- pharmacological interventions, such as a 
combination of sucrose and NNS, were effective and safe 
in reducing pain from medical procedures in neonates. 
Although there is no evidence that non- pharmacological 
interventions are recommended alone for postopera-
tive pain, we do know that sucrose in combination with 
local anaesthesia appears to be effective in reducing pain 
for newborn circumcision. There is sufficient evidence 
of altered brain development and increased pain sensi-
tivity following repeated exposure to painful proce-
dures during the newborn period.52 Leaving neonates 
suffering from painful stimuli without intervention is 
inappropriate, and further placebo- controlled trials 
are considered unethical.46 Hence, the following non- 
pharmacological methods were recommended for clin-
ical use and control treatment in clinical trials based on 
the results of this study.

FT is described as the method where neonates are 
placed in a flexed position in either lateral, supine or 
prone positions with parents’ or professionals’ hands on 
the baby’s hands and feet to control the entire body and 
provide support.53 It was mentioned in a systematic review 
that facilitated tucking by parents (FTP) was the best posi-
tion for procedural pain relief in preterm infants.25 The 
authors recommended that FTP in side- lying be admin-
istered from 15 min before the beginning of the painful 
procedures to 15 min after the painful stimuli.25 One 
advantage of FT is that parents or health professionals can 
easily learn and perform it because of its minimal tech-
nical challenges.54 Another advantage is that it is effective 
for extremely or very premature infants without requiring 
any other abilities, such as mature sucking ability.55 More-
over, it can be used when newborns are unable to be 
transferred from the incubator or bed.26

SSC, also known as KC, refers to the way the mother 
holds a diaper- clad infant upright on her breast at 
approximately 60°, providing maximum skin- to- skin 
contact between the baby and mother.45 Studies have 
shown that KC can not only reduce pain and stabilise the 
physiological and behavioural responses of the neonates, 
but it also strengthens the mother–infant bonding.56 57 
Furthermore, no significant difference in pain scores was 
found between the mother and other providers (father 
and another woman).45 If mothers could not partici-
pate in KC, fathers or other women can serve as alterna-
tives. As for the number of minutes in KC, no analyses 
were conducted to identify its effect on neonatal pain 
response. The duration of KC before painful procedures 
varied from 2 min to 3 hours. The most commonly used 
scheme was 15 or 30 min of KC before and throughout 
the painful stimuli.45 There was one limitation, however, 
to be noted for KC. Contextual challenges such as heavy 
workload and parental anxiety have restrained its utilisa-
tion in NICUs.58

One of the most commonly studied interventions is 
administering sucrose via syringe, dropper, pacifier or 
any other way for pain relief in neonates.59 The dose and 
concentration of sucrose, administration time and the 
method of delivery varied among studies. The optimal 
timing and volume for sucrose intervention for pain relief 
in preterm and term neonates have not yet been deter-
mined. A Cochrane SR that included 74 trials with 7049 
infants recommended that 24% sucrose solution could be 
used approximately 2 min before the painful stimulus.49 
The minimally effective dose of 24% sucrose during a 
single painful procedure in neonates was found to be 
0.1 mL in a multicentre randomised controlled study.60

Olfactive stimulation interventions using a familiar 
odour refer to exposing infants to either natural odour 
or artificial odour with habituation during painful proce-
dures.34 The natural odour consists of maternal odour, 
breast milk odour of a newborn’s mother or other 
mothers and amniotic fluid odour.61 On the other hand, 
the artificial odour comprises formula milk, lavender 
odour and vanilla odour.62 63 The habitation of artificial 
odour refers to the preliminary exposure to an odour 
for a while before the painful procedure to improve the 
effectiveness of the artificial odour.34 And the habitation 
time spans between 8 and 18 hours.34 Compared with 
other non- pharmacological treatments, the advantage of 
olfactive stimulation is that it can be easily implemented 
anytime during hospitalisation with little prepara-
tion or cost and without requiring parental presence. 
Meanwhile, it can be easily applied with other effective 
methods, thus demonstrating an enhanced effect.64 The 
results of SRs included in this study recommended that a 
pad with maternal breast milk or an artificial odour with 
a previous period of habituation could be used during 
painful procedures.34 However, concerning the interven-
tion, the best artificial odours, the method of releasing 
the odour, the time required for odour habituation and 
the distance from the odour position to the neonate’s 
nose are inconclusive.

In addition, this review identified the following crit-
ical clinical questions that need to be explored further: 
(1) What are the effective and safe non- pharmacological 
interventions for common postoperative pain, and 
prolonged pain in neonates? Neonatal pain is often clas-
sified as acute pain, prolonged pain and particular types 
of pain such as postoperative pain and mechanical venti-
lation pain.18 Although acute pain from minor medical 
procedures such as heel lance is most common during 
neonatal hospitalisation,65 other types of pain from major 
procedures, surgery, medical illness and even painful 
stimulation like postoperative mechanical ventilation also 
deserve attention. Yet the available evidence is scant on the 
latter.66 (2)How to adjust non- pharmacological strategies 
based on pain scores? The guideline or expert consensus 
for neonatal pain management recommends a stepped 
analgesic approach based on pain assessment results 
with prevention as the premise and non- drug treatment 
as the mainstay.7 8 However, current evidence focuses on 
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preventive interventions for specific painful procedures. 
The use of pain scores to guide the clinical selection of 
appropriate non- pharmacological interventions is still 
lacking. More research is urgently needed to identify the 
best non- pharmacological methods for various painful 
stimuli and to establish a stepped strategy. Finally, scien-
tific implementation strategies are required to effectively 
translate research evidence on non- pharmacological 
interventions into practice.

The results of this overview could serve as guidance 
for clinicians and researchers in the selection of suitable 
non- pharmacological interventions for neonatal pain. 
However, there are several limitations to be noted in 
this study. First, there might be some missing informa-
tion because only studies in English and Chinese were 
included in this overview. Second, because this overview 
was primarily based on published studies, its conclusions 
may be influenced as new evidence emerges.

CONCLUSION
This was the first overview to comprehensively assess 
published SRs to investigate the efficacy and safety of 
non- pharmacological interventions for neonatal pain. 
It was concluded that small volumes of sweet solutions, 
facilitated tucking, KC, familiar odour or combined non- 
pharmacological interventions, such as a combination of 
sucrose and NNS were superior in reducing pain from 
medical procedures in hospitalised neonates. However, 
sucrose alone was less effective than local anaesthesia 
or a combination of the two during circumcision. Next, 
we need to explore scientific implementation strate-
gies to promote the clinical application of these effec-
tive non- pharmacological interventions. Moreover, 
further rigorous trials and SRs are needed to identify 
the best non- pharmacological approaches for various 
types of pain, especially pain from common surgery and 
medical illnesses in neonates. Meanwhile, a stepped non- 
pharmacological intervention strategy based on pain 
scores should be explored and established accordingly.
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Item 
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Checklist item  
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where item is 

reported  

TITLE   

Title  1 Identify the report as a systematic review. 2 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. 3-4 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. 5-6 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 6-7 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 7-8 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify 
the date when each source was last searched or consulted. 

8 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Supplementary 
Appendix 2 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each 
record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. 

9 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in 
the process. 

9 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

9 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information. 

9 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed 
each study and whether they worked independently, and if applicable, details of automation tools used in the process. 

9-10 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. NA 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics 
and comparing against the planned groups for each synthesis (item #5)). 

11 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions. 

11 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. 10-11 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

11 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). NA 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). NA 
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Checklist item  
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where item is 

reported  

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 10 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included 
in the review, ideally using a flow diagram. 

11, Figure 1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Supplementary 
Appendix 3 

Study 
characteristics  

17 Cite each included study and present its characteristics. 11-12 

Supplementary 
Appendix 3 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. 13, figure 2, 

Supplementary 
Appendix 3  

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its 
precision (e.g. confidence/credible interval), ideally using structured tables or plots. 

13-15, Figure 
3, 

Supplementary 
Appendix 3  

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Supplementary 
Appendix 3 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision 
(e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 

Supplementary 
Appendix 3 

20c Present results of all investigations of possible causes of heterogeneity among study results. NA 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. NA 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NA 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Supplementary 
Appendix 3 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. 15-16 

23b Discuss any limitations of the evidence included in the review. 16-19 

23c Discuss any limitations of the review processes used. 4, 19-20 

23d Discuss implications of the results for practice, policy, and future research. 15-19 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. 4, 7 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 4, 7 

24c Describe and explain any amendments to information provided at registration or in the protocol. 7 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. 20-21 
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Availability of 
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other materials 
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Appendix 2 Search Strategies 

Pubmed 

#1 "pain"[Title/Abstract] OR "pain"[MeSH Terms] 

#2 (newborn OR neonat* OR "newborn infant"[Title/Abstract] OR premature OR 

"preterm infant"[Title/Abstract] OR "premature infant"[Title/Abstract] OR "premature 

baby"[Title/Abstract] OR "premature babies"[Title/Abstract] OR "neonatal 

prematurity"[Title/Abstract] OR "term infant"[Title/Abstract] OR "low birth weight 

infant"[Title/Abstract] OR "low birth weight"[Title/Abstract] OR LBW OR ELBW OR 

VLBW OR "small for gestational age"[Title/Abstract]) OR ("infant, newborn" OR 

"Infant, premature" OR "infant, extremely premature" OR "infant, low birth weight" 

OR "infant, small for gestational age" OR "infant, very low birth weight"[MeSH Terms]) 

#3 (delivery[Title/Abstract] OR childbirth[Title/Abstract] OR labor[Title/Abstract]) 

OR ("Delivery, Obstetric" OR Parturition OR "Labor, Obstetric"[MeSH Terms]) 

#4 #1 AND #2 NOT #3  

#5 non-pharmacological[Title/Abstract] OR nonpharmacological[Title/Abstract] OR 

non-drug[Title/Abstract] OR nondrug[Title/Abstract] OR "sweet 

solution"[Title/Abstract] OR "sweet tast*"[Title/Abstract] OR "sugar 

solution"[Title/Abstract] OR sucrose[Title/Abstract] OR glucose[Title/Abstract] OR 

dextrose[Title/Abstract] OR fructose[Title/Abstract] OR "breast milk"[Title/Abstract] 

OR "formula milk"[Title/Abstract] OR "breast feeding"[Title/Abstract] OR 

breastfeeding[Title/Abstract] OR "formula feeding"[Title/Abstract] OR "non-nutritive 

sucking"[Title/Abstract] OR pacifier[Title/Abstract] OR "kangaroo mother 

care"[Title/Abstract] OR "kangaroo care"[Title/Abstract] OR "skin-to-skin 

care"[Title/Abstract] OR "skin-to-skin contact"[Title/Abstract] OR 

touch*[Title/Abstract] OR massage[Title/Abstract] OR holding[Title/Abstract] OR 

swaddling[Title/Abstract] OR cuddling[Title/Abstract] OR voice[Title/Abstract] OR 

sound[Title/Abstract] OR music[Title/Abstract] OR "facilitated tucking"[Title/Abstract] 

OR postion*[Title/Abstract] OR "postural support"[Title/Abstract] OR "olfactory 

stimulation"[Title/Abstract] OR "multisensory stimulation"[Title/Abstract] OR 
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"sensory stimulation"[Title/Abstract] OR distraction[Title/Abstract] 

#6 Analgesia OR "Pain Management" OR "Acupuncture Analgesia" OR sucrose OR 

glucose OR fructose OR "Milk, Human" OR "Breast Feeding" OR pacifier OR 

"Kangaroo-Mother Care Method" OR massage OR voice OR sound OR "Music 

Therapy" OR "facilitated tucking" OR "Patient Positioning"[MeSH Terms] 

#7 #4 AND (#5 OR #6) 

Filters applied: Meta-Analysis, Systematic Review, in the last 5 years, Newborn: birth-

1 month. 

Embase 

#1 pain:ab,ti OR 'pain'/exp OR 'pain intensity'/exp OR 'pain severity'/exp OR 'pain 

parameters'/exp 

#2 newborn:ab,ti OR neonat*:ab,ti OR 'newborn infant':ab,ti OR premature:ab,ti OR 

'preterm infant':ab,ti OR 'premature infant':ab,ti OR 'premature baby':ab,ti OR 

'premature babies':ab,ti OR 'neonatal prematurity':ab,ti OR 'term infant':ab,ti OR 'low 

birth weight infant':ab,ti OR 'low birth weight':ab,ti OR lbw:ab,ti OR elbw:ab,ti OR 

vlbw:ab,ti OR 'small for gestational age':ab,ti OR 'newborn'/exp OR 'newborn 

period'/exp OR 'prematurity'/exp OR 'low birth weight'/exp OR 'very low birth 

weight'/exp OR 'small for date infant'/exp OR 'infant'/exp 

#3 delivery:ab,ti OR childbirth:ab,ti OR labor:ab,ti OR 'obstetric delivery'/exp OR 

'childbirth'/exp OR 'labor'/exp 

#4 #1 AND #2 NOT #3 

#5 non-pharmacological:ab,ti OR nonpharmacological:ab,ti OR non-drug:ab,ti OR 

nondrug:ab,ti OR ‘sweet solution’:ab,ti OR ‘sweet tast*’:ab,ti OR ‘sugar solution’:ab,ti 

OR sucrose:ab,ti OR glucose:ab,ti OR dextrose:ab,ti OR fructose:ab,ti OR ‘breast 

milk’:ab,ti OR ‘formula milk’:ab,ti OR ‘breast feeding’:ab,ti OR breastfeeding:ab,ti 

OR ‘formula feeding’:ab,ti OR ‘non-nutritive sucking’:ab,ti OR pacifier:ab,ti OR 

‘kangaroo mother care’:ab,ti OR ‘kangaroo care’:ab,ti OR ‘skin-to-skin care’:ab,ti OR 

‘skin-to-skin contact’:ab,ti OR touch*:ab,ti OR massage:ab,ti OR holding:ab,ti OR 

swaddling:ab,ti OR cuddling:ab,ti OR voice:ab,ti OR sound:ab,ti OR music:ab,ti OR 
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‘facilitated tucking’:ab,ti OR postion*:ab,ti OR ‘postural support’:ab,ti OR ‘olfactory 

stimulation’:ab,ti OR ‘multisensory stimulation’:ab,ti OR ‘sensory stimulation’:ab,ti 

OR distraction:ab,ti 

#6 ‘Analgesia'/exp OR 'sucrose'/exp OR 'glucose'/exp OR 'fructose'/exp OR 'breast 

milk'/exp OR 'artificial milk'/exp OR 'breast feeding'/exp OR 'sucking'/exp OR 

'pacifier'/exp OR 'kangaroo care'/exp OR 'touch'/exp OR 'massage'/exp OR 'voice'/exp 

OR 'sound'/exp OR 'music therapy'/exp OR 'facilitated tucking'/exp OR 'sensory 

stimulation'/exp  

#7 'systematic review':ab,ti OR 'systematic literature review':ab,ti OR 'systematic 

narrative review':ab,ti OR 'systematic qualitative review':ab,ti OR 'systematic 

quantitative review':ab,ti OR 'systematic meta-review':ab,ti OR 'systematic critical 

review':ab,ti OR 'systematic cochrane review':ab,ti OR 'systematic integrative 

review':ab,ti OR 'meta-analysis':ab,ti OR 'systematic review'/exp OR 'meta 

analysis'/exp 

#8 (#4 AND (#5 OR #6) AND #7) AND (2016:py OR 2017:py OR 2018:py OR 2019:py 

OR 2020:py OR 2021:py) 

Web of Science 

#1 TS=(pain) 

#2 TS=(newborn OR neonat* OR "newborn infant" OR premature OR "preterm infant" 

OR "premature infant" OR "premature baby" OR "premature babies" OR "neonatal 

prematurity" OR "term infant" OR "low birth weight infant" OR "low birth weight" OR 

LBW OR ELBW OR VLBW OR "small for gestational age") 

#3 TS=(delivery OR childbirth OR labor) 

#4 ((#1) AND #2) NOT #3 

#5 TS=(non-pharmacological OR nonpharmacological OR non-drug OR nondrug OR 

“sweet solution” OR “sweet tast*” OR “sugar solution” OR sucrose OR glucose OR 

dextrose OR fructose OR “breast milk” OR “formula milk” OR “breast feeding” OR 

breastfeeding OR “formula feeding” OR “non-nutritive sucking” OR pacifier OR 

“kangaroo mother care” OR “kangaroo care” OR “skin-to-skin care” OR “skin-to-skin 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-062296:e062296. 12 2022;BMJ Open, et al. Shen Q



contact” OR touch* OR massage OR holding OR swaddling OR cuddling OR voice 

OR sound OR music OR “facilitated tucking” OR postion* OR “postural support” OR 

“olfactory stimulation” OR “multisensory stimulation” OR “sensory stimulation” OR 

distraction) 

#6 TS=("systematic review" OR "systematic literature review" OR "systematic 

narrative review" OR "systematic qualitative review" OR "systematic quantitative 

review" OR "systematic meta-review" OR "systematic critical review" OR "systematic 

Cochrane review" OR "systematic integrative review" OR "meta-analysis") 

#7 ((#4) AND #5) AND #6 

CINAHL complete 

S1 SU pain OR MH(pain)  

S2 SU ( newborn OR neonat* OR "newborn infant" OR premature OR "preterm infant" 

OR "premature infant" OR "premature baby" OR "premature babies" OR "neonatal 

prematurity" OR "term infant" OR "low birth weight infant" OR "low birth weight" OR 

LBW OR ELBW OR VLBW OR "small for gestational age" ) OR ( MH (“infant, 

newborn” OR “Infant, premature” OR “infant, low birth weight” OR “infant, small for 

gestational age” OR “infant, very low birth weight”) )  

S3 SU ( delivery OR childbirth OR labor ) OR ( MH (“Delivery, Obstetric” OR 

childbirth OR labor) )  

S4 (S1 AND S2) NOT S3 

S5 SU ( non-pharmacological OR nonpharmacological OR non-drug OR nondrug OR 

“sweet solution” OR “sweet tast*” OR “sugar solution” OR sucrose OR glucose OR 

dextrose OR fructose OR “breast milk” OR “formula milk” OR “breast feeding” OR 

breastfeeding OR “formula feeding” OR “non-nutritive sucking” OR pacifier OR 

“kangaroo mother care” OR “kangaroo care” OR “skin-to-skin care” OR “skin-to-skin 

contact” OR touch* OR massage OR holding OR swaddling OR cuddling OR voice 

OR sound OR music OR “facilitated tucking” OR postion* OR “postural support” OR 

“olfactory stimulation” OR “multisensory stimulation” OR “sensory stimulation” OR 

distraction )  
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S6 MH ( Analgesia OR “pain management” OR sucrose OR glucose OR fructose OR 

“Milk, Human” OR “Milk Substitutes” OR “breast feeding” OR Pacifiers OR 

“Kangaroo Care” OR massage OR voice OR sound OR “Music Therapy” OR “Sensory 

Stimulation” OR distraction )  

S7 SU ( "systematic review" OR "systematic literature review" OR "systematic 

narrative review" OR "systematic qualitative review" OR "systematic quantitative 

review" OR "systematic meta-review" OR "systematic critical review" OR "systematic 

Cochrane review" OR "systematic integrative review" OR "meta-analysis" ) OR MH 

( "systematic review" OR "meta analysis" )  

S8 S4 AND (S5 OR S6) AND S7 

Google Scholar 

(newborn OR neonate OR premature) AND pain AND (non-pharmacological OR 

sucrose OR glucose OR “breast feeding” OR “sucking” OR “kangaroo care” OR music 

OR “facilitated tucking”) AND ("systematic review" OR "meta-analysis") 

CNKI 

(SU = 疼痛 + 镇痛) AND (SU = 新生儿 + 足月儿 + 早产儿 + 低出生体重儿 

+ 小于胎龄儿 + 婴儿) AND (SU = 非药物 + 甜味剂 + 糖水 + 葡萄糖 + 蔗糖 

+ 母乳 + 母奶 + 配方奶 + 非营养性吸吮 + 安抚奶嘴 + 安慰奶嘴 + 袋鼠式

护理 + 抚触 + 按摩 + 拥抱 + 襁褓 + 皮肤接触 + 肌肤接触 + 声音 + 音乐 

+ 屈曲体位 + 鸟巢) AND (SU = 系统评价 + 系统综述 + 荟萃分析 + Meta 分

析) NOT (SU=剖宫产 + 分娩 + 产科 + 产妇 + 成人 + 老年人 + 妊娠)  

The search strategies of other Chinese databases were slightly adjusted on this basis. 
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Appendix 3  

Table 1 Reasons for exclusion 

No. References Reason for exclusion 

1 
Labban M, Menhem Z, Bandali T, et al. Pain control in neonatal male circumcision: A best evidence review. Journal of 

Pediatric Urology 2021;17:3-8. 

Literature Review 

2 
Graf T, Duffey E, Spatz D. Development of an Interprofessional Policy on the Use of Human Milk and Breastfeeding  

for Pain Relief. Advances in neonatal care 2021;21:267-73. 

Evidence summary 

3 
Çetinkaya B. Complementary and Alternative Therapies for Infantile Colic: A Systematic Review of the Literature.  

Alternative therapies in health and medicine 2021;27:42-47. 

Non-hospitalized newborn 

4 
Tang XY. Oral Sweet Solution Reduces Infant Pain Caused by Invasive Care: a Meta-analysis. World Latest Medicine 

Information (Electronic Version) 2018;18:34-35. 

No separate data for neonates 

5 
Suleiman N, Shamsudin SH, Rus RM, et al. The relevancy of paracetamol and breastfeeding post infant vaccination: A  

systematic review. Pharmacy 2018;6:27. 

Non-hospitalized newborn 

6 
Miller MM, Meints SM, Hirsh AT. Catastrophizing, pain, and functional outcomes for children with chronic pain: a 

meta-analytic review. Pain 2018;159:2442-60. 

Non-hospitalized newborn 

7 
Harrison D, Modanloo S, Desrosiers A, et al. A systematic review of YouTube videos on pain management during  

newborn blood tests. Journal of Neonatal Nursing 2018;24:325-30. 

Not systematic review of clinical 

trials 

8 
Baird D, Bybel M. Effectiveness of Skin-to-Skin Care for Procedure-Related Pain in Newborns. American family  

physician 2018;97:170-71. 

Synopses of syntheses 

9 
Huang RR. Systematic review of the effect of sweet solutions on venipuncture pain in neonates. Diet Science  

2017;12:117-18. 

Duplicate data 

10 
Matsuda E. Sucrose as Analgesia in Neonates Undergoing Painful Procedures. AJN American Journal of Nursing  

2017;117:21-21. 

Synopses of syntheses 

11 
Disher T, Benoit B, Johnston C, et al. Skin-to-skin contact for procedural pain in neonates: acceptability of novel  

systematic review synthesis methods and GRADEing of the evidence. Journal of Advanced Nursing 2017;73:504-19. 

Updated Cochrane view available 

12 van der Heijden MJE, Oliai Araghi S, Jeekel J, et al. Do Hospitalized Premature Infants Benefit from Music  The subject of the study was not 
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Interventions? A Systematic Review of Randomized Controlled Trials. PLOS ONE 2016;11:e0161848. pain 

13 

Gao HX. A systematic review of repeated sucrose for repeatedprocedural pain in neonates and a randomized  

controlledtrial of combined sucrose and non-nutritive sucking for repeated pain relief in preterm infants [Doctorate].  

Nanjing University of Chinese Medicine, 2016. 

Duplicate data 

14 
da Silva Morais AP, de Abreu Façanha SM, Nogueira Rabelo S, et al. Non-pharmacological measures in the pain  

management in newborns: nursing care. Rev Rene 2016;17:435-42. 

Literature review 
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Table 2 Characteristics of the included SRs 

Study Study design No. of 

patient

s 

Types of pain Participan

ts 

Intervention Comparator Outcomes Meta-analys

is 

Conclusion 

Lian DM, 

2021
1
 

5 RCTs; 

1 NRS 

432 Procedural 

pain: heel 

lance, 

venipuncture, 

endotracheal 

suction; 

arterial 

puncture 

Preterm 

and term 

neonates 

Maternal voice Standard care Pain score (NIPS, 

PIPP, PIPP-R, 

NIAPAS); 

comfort score; 

HR; SpO2 

Yes Maternal voice 

can reduce the 

pain scores and 

maintain the heart 

rates of neonates 

during and after 

the painful 

procedure, and 

improve comfort 

scores during the 

painful procedure. 

Rossi S, 2021 
2
 8 clinical 

studies* 

1778 Postoperative 

pain: 

circumcision 

Preterm 

and term 

neonates 

anesthesia/analgesia/ 

non-pharmacological 

interventions (sucrose, 

milk, non-nutritive 

sucking, dextrose, 

music) 

Different types of 

anesthesia/analgesia/ 

non-pharmacologica

l interventions 

Pain score 

(MBPS, PIPP, 

NIPS, N-PASS, 

FLACC, RIPS); 

physiological and 

behavioral 

indicators 

No Local anesthesia 

in combination 

with 

nonpharmacologic

al interventions 

appears to be 

effective to 

relieve pain for 

newborn 

circumcision.  

Francisco A, 

2021
3
 

15 RCTs; 

5 NRS 

907 Procedural 

pain: heel 

lance, diaper 

Preterm 

and term 

neonates 

Position Pharmacological 

strategies, 

nonpharmacological 

Pain score (PIPP, 

NFCS, 

ALPS-Neo, NIPS, 

No Positioning 

should be used to 

relieve procedural 
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changing, 

suctioning, 

venipuncture, 

insertion of 

nasal CPAP 

prongs, eye 

examination 

strategies 

(saccharose, 

glucose, 

breastfeeding, 

pacifier, KMC) and 

placebos 

COMFORTneo, 

N-PASS); 

physiological and 

hormonal 

indicators; 

adverse effect 

(bradycardia, 

desaturation, 

apnea) 

pain in neonates. 

Facilitated 

tucking by parents 

for 30 minutes 

was the best 

position for pain 

relief in preterm 

newborns. 

Eissler A, 

2021
4
 

22 RCTs 1265 Procedural 

pain: heel 

lance, 

venipuncture, 

suction, eye 

examination, 

the vein 

blood sample 

Preterm 

infants 

Active parental 

involvement 

(Kangaroo/Skin-to-Skin 

Care, Facilitated 

Tucking, Breastfeeding) 

Pain-reducing 

measures performed 

by health care 

professionals 

Pain score (PIPP, 

NIPS, BIIP); 

NIRS; physio- 

logic parameters; 

facial expressions 

No Active parental 

involvement in 

pain-reducing 

measures during 

painful 

procedures is 

beneficial for 

preterm infants. 

Cañadas DC, 

2021
5
 

6 RCTs 371 Procedural 

pain: heel 

lance 

Preterm 

infants 

Nonpharmacological 

Interventions 

A different treatment Salivary cortisol 

reactivity 

Yes Prone-nest 

position, breast 

milk odor, 

kangaroo care, 

and twins 

co-bedding 

decreased the 

salivary cortisol 

levels. 

Deng MQ, 

2020
6
 

12 RCTs 1363 Procedural 

pain 

Preterm 

and term 

Music therapy Standard care, or 

other 

Pain score (NIPS, 

PIPP, PIPP-R, 

Yes Music therapy 

could relieve 
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neonates nonpharmacological 

Interventions  

N-PASS, 

NIAPAS); 

HR; respiratory 

rate; SpO2 

procedural pain, 

and reduce the 

heart rate change 

in neonates. 

Yasmeen I, 

2020
7
 

42 RCTs 

3 NRS† 

4106 Procedural 

pain: 

blooding 

sampling 

(e.g., heel 

stick, heel 

lance), 

vaccination; 

injections 

Preterm 

and term 

neonates 

caregiver-facilitated pain 

management 

interventions:  

Activate, 

inform-activate-collabor

ate, inform-activate, 

activate-collaborate, or 

inform caregiver 

engagement strategies 

Standard care or 

other pain 

management 

interventions 

Pain score (NIPS, 

NFCS, DAN, 

MBPS); crying; 

HR change; pain 

knowledge; 

satisfaction; 

hospital length of 

stay, etc. 

No Caregiver-facilitat

ed pain 

management 

interventions 

using an activate 

engagement 

strategy may be 

effective in 

reducing the pain 

of hospitalized 

neonates 

Sezavar M, 

2020
8
 

3 clinical 

studies† 

279 Procedural 

pain 

Term 

infants 

Lavender oil Standard care, 

placebo, or other 

odors 

Pain score (NIPS, 

DAN); Crying; 

HR, SpO2 

No Lavender was 

effective to 

relieve procedural 

pain in infants, 

though it did not 

affect the duration 

of crying 

Norooziasl S, 

2020
9
 

4 RCTs 303 Procedural 

pain 

Preterm 

infants 

Aromatherapy through  

amniotic fluid, the 

mother’s milk, vanilla  

and the mother’s odor 

Different treatment 

than the intervention 

group 

Pain score (PIPP, 

DAN); 

Crying time; HR; 

salivary cortisol 

No The effects of 

amniotic fluid, 

breast milk, 

vanilla, and 

maternal odor on 

procedural pain in 
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premature infants 

have not been 

determined 

Neto MG, 

2020
10

 

15 RCTs 664 Procedural 

pain: heel 

stick, 

endotracheal 

suctioning 

Preterm 

infants 

facilitated tucking 

position 

Different treatment 

than the intervention 

group 

Pain score (PIPP, 

BPSN, NIPS, 

CRIES) 

Yes Facilitated 

tucking position 

may improve the 

pain during 

painful 

procedures 

Guo WJ, 

2020
11

 

8 RCTs 463 Repeated 

procedural 

pain: heel 

lance, 

venipuncture, 

finger/toe tip 

stick, other 

procedures 

Preterm 

infants 

combined 

nonpharmacological 

interventions 

Different treatment 

than the intervention 

group 

Pain score (PIPP, 

BPSN); crying; 

HR; oxygen 

saturation; 

cortisol; NBRS 

score; adverse 

events 

(suffocation, 

nausea, vomiting, 

tachycardia, 

bradycardia, rapid 

breathing, slow 

breathing, 

hypoxemia, 

hyperglycemia, et 

al) 

No Combined 

nonpharmacologic

al treatments may 

be effective and 

safe for repeated 

procedural pain in 

preterm infants 

De 

Clifford-Fauge

re G, 2020
12

 

10 RCTs; 

4 NRS 

1028 Procedural 

pain: heel 

lance, 

Preterm 

and term 

neonates 

olfactive stimulation Sterile water; 

standard care 

Pain score (PIPP, 

DAN, NIPS, 

NFCS); crying 

Yes The effects of 

olfactive 

stimulation 
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venipuncture, 

arterial 

puncture  

duration; HR; 

oxygen 

saturation; 

salivary  

cortisol; adverse 

event 

interventions on 

procedural pain in 

neonates have not 

been determined 

Stadler J, 

2019
13

 

5 RCTs 265 Procedural 

pain: heel 

lance 

Preterm 

and term 

neonates 

Acupuncture Different treatment 

than the intervention 

group 

Pain score (PIPP, 

NIPS); HRV 

Yes Acupuncture may 

have a positive 

effect on 

pain-relieving in 

neonates. 

Huang RR, 

2019
14

 

31 RCTs 4999 Procedural 

pain 

Preterm 

and term 

neonates 

Sweet solutions Different treatment 

than the intervention 

group 

Pain score (NIPS, 

INIPS, NFCS, 

PIPP, DAN); 

behavioral and 

physiological 

indicators; 

success rate of 

procedure; 

duration of 

procedure;  

adverse effects 

(coughing, 

choking, et al) 

Yes Small volumes of 

sweet solutions 

reduce acute 

procedural pain in 

neonates. 

Hatfield LA, 

2019
15

 

14 RCTs 889 Procedural 

pain: heel 

lance, 

venipuncture, 

Preterm 

infants 

Behavioral and 

environmental 

interventions: swaddling, 

acupressure, incubator, 

Different treatment 

than the intervention 

group 

Pain score (PIPP, 

NIPS, BPSN); 

cry, grimace, limb 

extension 

No Facilitated 

tucking, oral 

sucrose, and 

kangaroo care 
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endotracheal 

suctioning, 

laser 

treatment of 

ROP 

kangaroo mother care, 

dextrose, etc. 

significantly 

relieve 

biobehavioral 

responses 

associated with 

acutely painful 

procedures in 

preterm infants. 

Zhang SY, 

2018
16

 

8 RCTs 453 Procedural 

pain: heel 

lance, 

venipuncture 

Preterm 

and term 

neonates 

Maternal milk odor Placebo; 

other odors 

Pain score (PIPP, 

DAN, NIPS); HR, 

HRV; oxygen 

saturation; crying 

duration; salivary 

cortisol 

Yes Maternal milk 

odor appears to 

play an analgesic 

role in newborns 

Disher T, 

2018
17

 

29 RCTs 1487 Procedural 

pain: ROP 

examination 

Preterm 

infants 

Pharmacological, 

nonpharmacological, 

combined interventions 

Different treatment 

than the intervention 

group 

Pain score (PIPP); 

HR, oxygen 

saturation; crying 

time; adverse 

events 

(bradycardia, et 

al);  

Yes Topical anesthetic 

combined with 

sweet solutions 

and an adjunct 

intervention (e.g., 

non-nutritive 

sucking) is likely 

the optimal 

treatment for 

reducing pain 

resulting from eye 

examinations in 

preterm infants. 

Lotto CR, 9 RCTs; 460 Procedural Preterm Skin-to-skin contact Different treatment Pain score No Skin-to-skin 
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2018
18

 1 case study; 

1 cross study; 1 

DEC 

pain: 

calcaneal 

puncture, 

venous  

puncture, 

removal  

of adhesive  

tape, tracheal  

or nasal  

aspiration 

infants than the intervention 

group: 

breastfeeding, 

standard care 

(NFCS, PIPP, 

ABSS); HR; 

oxygen 

saturation; NIRS 

contact was 

effective to 

relieve procedural 

pain in preterm 

infants. The time 

staying in the 

Kangaroo position 

that was more 

effective for pain 

relief was 30 

minutes before the 

painful procedure 

in NICU. 

Liu LX, 

2017
19

 

5 RCTs 422 Procedural 

pain: heel 

lance 

Preterm 

and term 

neonates 

Kangaroo care Standard care; 

swaddling 

Pain score (PIPP, 

NFCS); HR; 

oxygen 

saturation; crying 

time 

Yes Kangaroo care 

compared with 

standard care may 

stabilize heart 

rate, ease the 

decline of 

oxyhemoglobin 

saturation, shorten 

the crying time, 

and alleviate pain 

score in neonates 

during heel blood 

sampling. 

Li YB, 2017
20

 9 RCTs 402 Procedural 

pain: ROP 

Preterm 

infants 

Sweet solutions: 

glucose, sucrose 

Different treatment 

than the intervention 

Pain score (PIPP); 

adverse event 

Yes The single oral 

sweet solution 
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examination group: placebo, 

standard care, blank 

control, pacifier 

(tachycardia, 

bradycardia, et al) 

may not be 

effective to 

relieve pain 

during screenings 

for ROP, but it is 

effective for pain 

relief and has no 

obvious adverse 

reactions when 

combined with a 

pacifier 

Pagni AM, 

2017
21

 

20 clinical 

studies 

1035 Procedural 

pain: heel 

lance, blood 

sampling, 

diaper 

change, other 

invasive 

procedures 

Preterm 

infants 

Kangaroo care Different treatment 

than the intervention 

group 

Pain score (PIPP, 

NFCS); HR; 

HRV; cortisol; cry 

time;  

muscle extension 

No Preterm infants 

greatly benefit 

from the 

implementation of 

Kangaroo Care 

for procedural 

pain control. 

Liu Y, 2017
22

 7 RCTs 599 Procedural 

pain: ROP 

examination, 

heel lance, 

venipuncture,  

Preterm 

and term 

neonates 

Combined oral sucrose 

and 

nonnutritive sucking  

Single measure (oral 

sucrose/NNS) 

Pain score (PIPP, 

NFCS, N-PASS); 

HR, SPO2; crying 

time; adverse 

effect 

(tachycardia, 

bradycardia, 

desaturations) 

Yes Oral sucrose 

combined with 

nonnutritive 

sucking can be an 

alternative for 

better preventing 

and managing 

procedural pain in 

newborns. 
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Johnston C, 

2017
23

 

25 RCTs 2001 Procedural 

pain: heel 

lance, 

venipuncture, 

intramuscular 

injection, 

vaccination, 

tape removal 

Preterm 

and term 

neonates 

Skin-to-skin care Different treatment 

than the intervention 

group 

Pain score (PIPP, 

NIPS); HR, HRV, 

oxygen 

saturation; cry 

duration; adverse 

events 

Yes Skin-to-skin care 

appears to be 

effective as 

measured by 

composite pain 

indicators with 

both physiological 

and behavioral 

indicators and, 

independently, 

using heart rate 

and crying time; 

and safe for a 

single painful 

procedure 

Harrison D, 

2017
24

 

168 randomized 

or 

quasi-randomiz

ed controlled 

trials 

— Procedural 

pain: heel 

lance, 

venipuncture, 

eye 

examination, 

circumcision, 

intramuscular 

injection, 

naso/orogastr

ic tube 

insertion, a 

compilation 

Preterm 

and term 

neonates 

Sweet solutions: sucrose, 

glucose, other sweet 

solutions orally 

No treatment, water, 

pacifier, 

swaddling/positionin

g, skin-to-skincare, 

formula feeding, 

expressed breast 

milk, breastfeeding, 

sensorial saturation, 

or topical 

anesthetics 

Pain score (PIPP, 

NIPS, NFCS, 

DAN); cry 

duration; HR, 

oxygen 

saturation, 

respiratory rate; 

cortisol; NIRS, 

EEG 

Yes Sucrose or 

glucose can 

reduce behavioral 

responses to 

commonly 

performed painful 

procedures in 

neonates. 
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of painful 

procedures 

Chen SL, 

2017
25

 

6 RCTs 441 Procedural 

pain: gastric 

tube insertion 

Preterm 

and term 

neonates 

Nonpharmacological 

treatments: glucose, 

sucrose, pacifier 

No treatment, 

placebo, pacifier, 

standard care 

Pain score (PIPP, 

NFCS); crying; 

HRV/SpO2; 

adverse event 

(apnoea, 

self-limiting 

bradycardia); 

difficult insertion 

Yes Small volumes of 

oral sweet 

solutions relieve 

pain during 

gastric tube 

insertion in 

neonates. 

Benoit B, 

2017
26

 

20 RCTs; 1 

NRS 

2336 Procedural 

pain: heel 

lance, 

intramuscular 

injections, 

venipuncture 

Preterm 

and term 

neonates 

Nonpharmacological 

treatments: breastfeeding 

or expressed breast milk 

Music therapy; 

topical anesthetics 

and 

cooling sprays; 

sweet taste; simple 

holding; 

skin-to-skin contact; 

nonnutritive 

sucking;  

 

Pain score (PIPP, 

NIPS, revised 

NFCS, DAN); 

NIRS; HR; 

oxygen 

saturation; facial 

actions; cry 

duration; cortisol 

No Direct 

breastfeeding was 

more effective 

than maternal 

holding, maternal 

skin-to-skin 

contact, topical 

anesthetics, and 

music therapy, 

and was as or 

more effective 

than sweet 

solutions in 

full-term infants. 

Stevens B, 

2016
27

 

74 RCTs 7049 Procedural 

pain: heel 

lance, 

venipuncture, 

Preterm 

and term 

neonates 

sucrose via oral syringe, 

dropper or in addition to 

a pacifier 

Breastfeeding; 

breast milk or milk 

formula; water; local 

anesthetics; pacifier; 

Pain score (PIPP, 

PIPP-R, NIPS, 

DAN, NFCS, 

COMFORTneo, 

Yes Sucrose is 

effective for 

reducing single 

procedural pain in 
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injection, 

arterial 

puncture, 

circumcision, 

bladder 

catheterizatio

n, gastric 

tube 

insertion, 

ROP 

examination  

positioning/containi

ng; facilitated 

tucking; warmth; no 

treatment; various 

concentrations of 

glucose. 

BPSN, revised 

NFCS, VAS, 

N-PASS); HR; 

respiratory rate; 

oxygen 

saturation; NIRS; 

EEG; crying time; 

plasma cortisol; 

long-term 

neurodevelopmen

tal outcomes 

neonates without 

serious side 

effects or harm. 

Sucrose in 

combination with 

non-nutritive 

sucking is more 

effective than 

sucrose alone 

Gao HX, 

2016
28

 

8 RCTs 782 Repeated 

procedural 

pain: 

intramuscular 

injection, 

venipuncture, 

heel lance 

Preterm 

and term 

neonates 

Repeated oral sucrose Blank 

Control; water; 

facilitated tucking; 

breastfeeding; skin 

to skin contact; 

music; touch; 

sucking 

pain scores 

(NFCS, PIPP, 

NIPS, BPSN); 

cry; facial 

actions; HR; 

respiratory rate; 

SpO2; TcpO2; 

TcpCO2; cortisol; 

clinical outcomes; 

neurobehavioral 

development; 

adverse events 

No The efficacy and 

safety of repeated 

sucrose on 

repeated 

procedural pain in 

neonates have not 

been determined. 

Boundy EO, 

2016
29

 

16 clinical 

studies‡ 

— procedural 

pain: heel 

prick, 

intramuscular 

injection, 

Preterm 

and term 

neonates 

Kangaroo mother care Different treatment 

than the intervention 

group 

Pain score (NIPS, 

NFCS, PIPP); 

crying duration; 

HR 

Yes Kangaroo mother 

care can lower 

mean respiratory 

rate and pain 

scores, and higher 
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nasal 

suctioning, 

tape removal  

oxygen saturation. 

* Only data related to non-pharmacological interventions were included. 

† Only neonatal-related data were included. 

‡ Only pain-related data were included. 

Note: ALPS-Neo: Astrid Lindgren Children's Hospital Pain Scale Neonates; ABSS: Anderson Behavioral State Scoring System; BPSN: Bernese Pain 

Scale for Neonates; BIIP: Behavioral Indicators of Infant Pain; CRIES: Cries, Requires Oxygen, Increased Vital Signs, Expression, Sleeplessness; DAN: 

Douleur Aiguë du Nouveau-né; DEC: descriptive, exploratory, and correlational Study; EEG: electroencephalogram; FLACC: The Face, Legs, Activity, 

Cry, and Consolability; HR: heart rate; INIPS: Improved Neonatal Infant Pain Scale; MBPS: Modified Behavioral Pain Scale; NIPS: Neonatal Infant 

Pain Scale; NFCS: Neonatal Facial Coding System; N-PASS: Neonatal Pain Agitation and Sedation Scale; NIAPAS: Neonatal Infant Acute Pain 

Assessment Scale; NIRS:
 
near-infrared spectroscopy; NRS: non-randomized controlled studies; PIPP: Premature Infant Pain Profile; PIPP-R: 

PIPP-Revised; RIPS: Riley Infant Pain Scale; RCT: randomized controlled trial; ROP:
 
retinopathy of prematurity; VAS: visual analogue scale 
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Table 3 Methodological quality of included SRs using the AMSTAR 2 

Review 
Criteria* 

Quality level 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Lian DM, 2021
1
 Y N Y Y Y Y PY Y Y N Y N Y Y N N Low 

Rossi S, 2021
2 Y N N Y Y Y Y N N N NM NM N Y NM Y Critically low 

Francisco A, 2021
3 Y Y N PY Y Y PY Y Y N NM NM Y Y NM Y Moderate 

Eissler A, 2021
4 Y N Y Y Y Y PY Y Y N NM NM Y Y NM Y Moderate 

Cañadas DC, 2021
5 Y N N Y Y Y PY Y Y N N Y Y Y Y N Low 

Deng MQ, 2020
6 Y N Y PY Y Y N Y Y N Y Y N Y N N Critically low 

Yasmeen I, 2020
7
 Y Y N Y Y Y PY Y Y N NM NM Y Y NM Y Moderate 

Sezavar M, 2020
8
 Y N Y N Y Y PY PY Y N NM NM N N NM Y Critically low 

Norooziasl S, 2020
9
 Y N N N Y Y PY N Y N NM NM N N NM Y Critically low 

Neto MG, 2020
10

 Y PY Y Y Y Y Y Y Y N Y Y Y Y Y Y High 

Guo WJ, 2020
11

 Y PY Y Y Y Y PY Y Y N NM NM Y Y NM Y High 

De 

Clifford-Faugere G, 

2020
12

 

Y Y N Y Y Y PY Y Y N Y Y Y Y Y Y Moderate 

Stadler J, 2019
13

 Y PY N Y Y Y PY Y Y N Y Y Y Y Y Y Moderate 

Huang RR, 2019
14

 Y PY Y PY Y Y PY Y Y N Y Y N N N Y Critically low 

Hatfield LA, 2019
15

 Y N Y PY Y Y PY PY N N NM NM Y Y NM Y Low 

Zhang SY, 2018
16

 Y N Y Y Y Y PY Y Y N Y Y Y Y N Y Low 

Disher T, 2018
17

 Y Y Y Y Y Y Y Y Y N Y Y Y Y Y Y High 

Lotto CR, 2018
18

 N N N PY Y Y PY Y N N NM NM N N NM N Critically low 

Liu LX, 2017
19

 Y N N N Y N PY N Y N Y Y N N Y N Critically low 

Li YB, 2017
20

 N N Y PY N Y N N N N Y Y Y Y Y N Critically low 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-062296:e062296. 12 2022;BMJ Open, et al. Shen Q



Pagni AM, 2017
21

 Y N N PY N N N PY N N NM NM N N NM N Critically low 

Liu Y, 2017
22

 Y Y Y Y Y Y PY Y Y N Y Y Y Y Y Y High 

Johnston C, 2017
23

 Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y High 

Harrison D, 2017
24

 Y N Y PY Y Y PY Y Y N Y Y Y N Y Y Moderate 

Chen SL, 2017
25

 Y PY N Y Y Y PY Y Y N Y Y Y Y N Y Low 

Benoit B, 2017
26

 Y N Y PY Y N PY Y Y N NM NM Y N NM Y Moderate 

Stevens B, 2016
27

 Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y High 

Gao HX, 2016
28

 Y PY N Y Y Y PY Y Y Y NM NM Y Y NM Y High 

Boundy EO, 2016
29

 Y N Y Y Y Y PY Y Y N Y Y Y Y Y Y Moderate 

* Y: Yes; N: No; PY: Partial yes; NM: No meta-analysis conducted;  
1
Did the research questions and inclusion criteria for the review include the components of PICO? 

2
Did the report of the review contain an explicit statement that the review 

methods were established prior to the conduct of the review and did the report justify any significant deviations from the protocol? 
3
Did the review authors explain their 

selection of the study designs for inclusion in the review? 
4
Did the review authors use a comprehensive literature search strategy? 

5
Did the review authors perform study 

selection in duplicate? 
6
Did the review authors perform data extraction in duplicate? 

7
Did the review authors provide a list of excluded studies and justify the exclusions? 

8
Did 

the review authors describe the included studies in adequate detail? 
9
Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual 

studies that were included in the review? 
10

Did the review authors report on the sources of funding for the studies included in the review? 
11

If meta-analysis was performed 

did the review authors use appropriate methods for statistical combination of results? 
12

If meta-analysis was performed, did the review authors assess the potential impact of 

RoB in individual studies on the results of the meta-analysis or other evidence synthesis? 
13

Did the review authors account for RoB in individual studies when interpreting/ 

discussing the results of the review? 
14

Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review? 
15

If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its likely impact on the 

results of the review? 
16

Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review? 
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Table 4 Evidence quality of the primary outcomes in included meta-analyses 

Review Comparison* Participants** Outcomes*** 
No. of 

studies 
Effect (95% CI) **** 

Certainty Assessment (GRADE) 

Risk of 

bias 

Inconsistency Indirectness Imprecision Other 

bias 

Certainty 

Neto MG, 2020 

FT position VS 

routine care  

Preterm infants 

during heel stick 

Pain scores 3 RCTs 

(188) 

MD 4.14 lower 

(6.96 lower to 1.31 

lower) 

not serious serious1 not serious serious2 none ⨁⨁◯◯ 

Low 

preterm infants 

during 

endotracheal 

suctioning 

Pain scores 4 RCTs 

(216) 

MD 1.02 lower 

(1.66 lower to 0.37 

lower) 

not serious Serious1 not serious Serious2 none ⨁⨁◯◯ 

Low 

FT position VS 

oral glucose  

Preterm infants 

during heel stick 

Pain scores 2 RCTs 

(88) 

MD 0.34 lower 

(2.05 lower to 1.36 

higher) 

not serious Serious1 not serious Serious2,3 none ⨁⨁◯◯ 

Low 

FT position VS 

opioid  

Preterm infants 

during heel stick 

Pain scores 2 RCTs 

(140) 

MD 0.22 higher 

(1.38 lower to 1.81 

higher) 

not serious Serious1 not serious serious2,3 none ⨁⨁◯◯ 

Low 

De 

Clifford-Faugere 

G, 2020 

Familiar odor VS 

routine care  

Neonates during 

painful procedures 

Pain reactivity 5 RCTs 

(390) 

SMD 0.69 SD lower 

(0.93 lower to 0.44 

lower) 

Serious4 not serious not serious Serious5 none ⨁⨁◯◯ 

Low 

Pain regulation 4 RCTs 

(310) 

SMD 0.4 SD lower 

(0.66 lower to 0.14 

lower) 

Serious4 not serious not serious Serious5 none ⨁⨁◯◯ 

Low 

Familiar odor VS 

artificial odor 

without habituation 

Neonates during 

painful procedures 

Pain reactivity 2 RCTs 

(128) 

SMD 0.28 SD lower 

(1.39 lower to 0.83 

higher) 

Serious4 Serious1 not serious very 

serious6 

none ⨁◯◯◯ 

Very low 

Pain regulation 1 RCT 

(78) 

SMD 0.17 SD lower 

(0.63 lower to 0.29 

higher) 

Serious4 not serious not serious very 

serious6 

none ⨁◯◯◯ 

Very low 

Artificial odor with 

habituation VS 

routine care 

Neonates during 

painful procedures 

Pain reactivity 2 RCTs 

(148) 

SMD 0.67 SD lower 

(1.01 lower to 0.33 

lower) 

Serious4 not serious not serious Serious2 none ⨁⨁◯◯ 

Low 
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Pain regulation 1 RCT 

(68) 

SMD 0.24 SD lower 

(0.75 lower to 0.26 

higher) 

Serious4 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Mother milk VS 

routine care 

Neonates during 

painful procedures 

Pain reactivity 4 RCTs 

(171) 

SMD 0.82 SD lower 

(1.26 lower to 0.39 

lower) 

Serious4 not serious not serious Serious2 none ⨁⨁◯◯ 

Low 

Pain regulation 4 RCTs 

(171) 

SMD 0.43 SD lower 

(0.89 lower to 0.04 

higher) 

Serious4 Serious1 not serious Serious2,3 none ⨁◯◯◯ 

Very low 

Amniotic fluid VS 

routine care 

Neonates during 

painful procedures 

Pain reactivity 2 RCTs 

(71) 

SMD 0.38 SD lower 

(0.88 lower to 0.12 

higher) 

Serious4 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Pain regulation 2 RCTs 

(71) 

SMD 0.4 SD lower 

(0.9 lower to 0.1 higher) 

Serious4 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Stadler J, 2019 Invasive and 

non-invasive 

acupuncture 

techniques  

Neonates during 

painful procedures 

Pain scores 4 RCTs 

(144) 

MD 0.74 lower 

(2.26 lower to 0.79 

higher) 

not serious Serious8 not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Disher T, 2018 

sweet taste 

multisensory and 

TA VS TA 

Preterm infants 

during ROP 

examination 

Pain reactivity 

(PIPP)  

16 

RCTs 

(966) 

MD 3.67 lower 

(5.86 lower to 1.47 

lower) 

not serious not serious not serious not serious none ⨁⨁⨁⨁ 

High 

Pain regulation 

(PIPP) 

12 

RCTs 

(963) 

MD 5.53 lower 

(10.28 lower to 0.86 

lower) 

not serious not serious not serious not serious none ⨁⨁⨁⨁ 

High 

Liu Y, 2017 Combined oral 

sucrose and NNS 

VS oral sucrose or 

NNS only 

Neonates during 

painful procedures 

Pain scores 7 RCTs 

(599) 

SMD 0.52 SD lower 

(0.68 lower to 0.36 

lower) 

not serious Serious1 not serious not serious none ⨁⨁⨁◯ 

Moderate 

Johnston C, 

2017 

Skin-to-skin care 

VS no treatment or 

swaddled control 

Neonates during 

heel lance 

Pain scores (PIPP) 

30 s after heel 

lance 

5 RCTs 

(267) 

MD 3.21 lower 

(3.94 lower to 2.47 

lower) 

not serious Serious1 not serious not serious none ⨁⨁⨁◯ 

Moderate 

Skin-to-skin care 

VS no treatment or 

Neonates during 

IM injection 

Pain scores 

(NIPS)- infants in 

2 RCTs 

(380) 

RD 0.35 

(0.26 to 0.44) 

not serious Serious1 not serious not serious none ⨁⨁⨁◯ 

Moderate 
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swaddled control no pain during 

recovery 

Harrison D, 

2017 

Sweet solutions VS 

placebo 

Neonates during 

painful procedures 

Pain scores 50 

RCTs 

(3341) 

SMD 0.90 lower 

(1.09 lower to 0.70 

lower) 

not serious Serious8 not serious not serious none ⨁⨁⨁◯ 

Moderate 

Stevens B, 2016 

Sucrose (20% to 

33%) VS water 

Neonates during 

heel lance 

Pain scores (PIPP) 

at 30 s after heel 

lance 

2 RCTs 

(105) 

MD 1.42 lower 

(2.86 lower to 0.01 

higher) 

not serious Serious1 not serious Serious3 none ⨁⨁◯◯ 

Low 

Preterm infants 

during heel lance 

Pain scores (PIPP) 

at 60 s after heel 

lance 

1 RCT 

(31) 

MD 1.80 lower 

(3.81 lower to 0.21 

higher) 

Serious9 not serious not serious Serious7 none ⨁⨁◯◯ 

Low 

Neonates during 

heel lance 

Pain scores (PIPP) 

during heel lance 

1 RCT 

(107) 

MD 0.00 lower 

(1.52 lower to 1.52 

higher) 

not serious not serious not serious Serious2 none ⨁⨁⨁◯ 

Moderate 

Term infants 

during heel lance 

Pain scores (DAN) 

at 30 s after heel 

lance 

1 RCT 

(32) 

MD 1.90 lower 

(8.58 lower to 4.78 

higher) 

Serious10 not serious not serious Serious2 none ⨁⨁◯◯ 

Low 

Term infants 

during heel lance 

Pain scores (NIPS) 

during heel lance 

1 RCT 

(56) 

MD 2.00 lower 

(2.42 lower to 1.58 

lower) 

not serious not serious not serious Serious2 none ⨁⨁⨁◯ 

Moderate 

Sucrose (24%) VS 

breastfeeding 

Preterm infants 

during heel lance 

Pain scores (PIPP) 1 RCT 

(47) 

MD 1.75 lower 

(2.22 lower to 1.28 

lower) 

Serious10 not serious not serious Serious2 none ⨁⨁◯◯ 

Low 

Sucrose (24%) + 

NNS VS water + 

NNS 

Term infants 

during heel lance 

Pain scores 

(NFCS) 

1 RCT 

(100) 

MD 0.60 lower 

(1.47 lower to 0.47 

higher) 

Serious10 not serious not serious Serious2 none ⨁⨁◯◯ 

Low 

Neonates during 

heel lance 

Pain scores (PIPP) 

at 30 s after heel 

lance 

3 RCTs 

(278) 

MD 1.70 lower 

(2.13 lower to1.26 

lower) 

not serious not serious not serious not serious none ⨁⨁⨁⨁ 

High 

Neonates during 

heel lance 

Pain scores (PIPP) 

at 60 s after heel 

lance 

2 RCTs 

(164) 

MD 2.14 lower 

(3.34 lower to 0.94 

lower) 

not serious not serious not serious not serious none ⨁⨁⨁⨁ 

High 

Sucrose (24%) + Neonates during Pain scores (PIPP) 1 RCT MD 1.75 lower Serious10 not serious not serious Serious2 none ⨁⨁◯◯ 
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NNS + NIDCAP 

VS breastfeeding 

heel lance (47) (4.03 lower to 0.53 

higher) 

Low 

Sucrose (24%) + 

NNS + NIDCAP 

VS breast milk (by 

syringe) 

Neonates during 

heel lance 

Pain scores (PIPP) 1 RCT 

(47) 

MD 0.13 lower 

(2.41 lower to 2.15 

higher) 

Serious10 not serious not serious Serious2 none ⨁⨁◯◯ 

Low 

Sucrose (24%) VS 

laser acupuncture 

Term infants 

during heel lance 

Pain score (NIPS) 1 RCT 

(42) 

MD 0.86 lower 

(1.43 lower to 0.29 

lower) 

Serious11 not serious not serious Serious2 none ⨁⨁◯◯ 

Low 

Sucrose (24%) VS 

sucrose (24%) + 

NNS 

Neonates during 

heel lance 

Pain score 

(Revised NFCS) 

1 RCT 

(343) 

MD 0.43 higher 

(0.23 higher to 

0.63higher) 

Serious10 not serious not serious not serious none ⨁⨁⨁◯ 

Moderate 

Sucrose (24%) VS 

sucrose (24%) + 

swaddling 

Neonates during 

heel lance 

Pain score 

(Revised NFCS) 

1 RCT 

(343) 

MD 0.40 higher 

(0.19 higher to 0.61 

higher) 

Serious10 not serious not serious not serious none ⨁⨁⨁◯ 

Moderate 

Sucrose (24%) VS 

sucrose (24%) + 

NNS + swaddling 

Neonates during 

heel lance 

Pain score 

(Revised NFCS) 

1 RCT 

(337) 

MD 0.43 higher 

(0.23 higher to 0.63 

higher) 

Serious10 not serious not serious not serious none ⨁⨁⨁◯ 

Moderate 

Sucrose (20%) VS 

facilitated tucking 

Neonates during 

repeated heel 

lances 

Pain score (BPSN) 

during heel lance 

1 RCT 

(48) 

MD 2.27 lower 

(4.66 lower to 0.12 

higher) 

not serious not serious not serious Serious7 none ⨁⨁⨁◯ 

Moderate 

Pain score (BPSN) 

during recovery 

1 RCT 

(48) 

MD 0.31 lower 

(1.72 lower to 1.10 

higher) 

not serious not serious not serious Serious7 none ⨁⨁⨁◯ 

Moderate 

Sucrose (20%) VS 

facilitated tucking 

and sucrose (20%) 

Preterm infants 

during repeated 

heel lances 

Pain score (BPSN) 

during heel lance 

1 RCT 

(47) 

MD 0.05 lower 

(2.16 lower to 2.06 

higher) 

not serious not serious not serious Serious7 none ⨁⨁⨁◯ 

Moderate 

Pain score (BPSN) 

during recovery 

1 RCT 

(47) 

MD 0.64 higher 

(0.73 lower to 2.01 

higher) 

not serious not serious not serious Serious7 none ⨁⨁⨁◯ 

Moderate 

Sucrose (12%) VS 

water 
Neonates during 

venipuncture 

Pain score (NIPS) 1 RCT 

(111) 

MD 0.90 lower 

(0.81 lower to 0.01 

higher) 

Serious12 not serious not serious not serious none ⨁⨁⨁◯ 

Moderate 
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Sucrose (24% to 

30%) VS sterile 

water or no 

treatment 

Neonates during 

venipuncture 

Pain score (PIPP) 2 RCTs 

(213) 

MD 2.79 lower 

(3.76 lower to 1.83 

lower) 

not serious not serious not serious not serious none ⨁⨁⨁⨁ 

High 

Sucrose (24% to 

30%) VS sucrose 

(24% to 30%) + 

EMLA/liposomal 

lidocaine cream 

Preterm infants 

during 

venipuncture 

Pain score (PIPP) 1 RCT 

(76) 

MD 1.30 higher 

(0.12 lower to 2.72 

higher) 

not serious not serious not serious Serious2,3 none ⨁⨁⨁◯ 

Moderate 

Pain score (PIPP) 

during 

post-injection 

period 

1 RCT 

(76) 

MD 0.60 higher 

(0.73 lower to 1.93 

higher) 

not serious not serious not serious Serious2,3 none ⨁⨁⨁◯ 

Moderate 

Pain score (DAN) 

during 

venipuncture 

1 RCT 

(76) 

MD 1.30 higher 

(0.26 higher to 2.34 

higher) 

not serious not serious not serious Serious2,3 none ⨁⨁⨁◯ 

Moderate 

Pain score (DAN) 

during 

post-injection 

period 

1 RCT 

(76) 

MD 1.40 higher 

(0.03 higher to 2.77 

higher) 

not serious not serious not serious Serious2,3 none ⨁⨁⨁◯ 

Moderate 

Sucrose (20% to 

25%) VS water or 

no intervention 

Term infants 

during 

intramuscular 

injection 

Pain score (NIPS) 1 RCT 

(60) 

MD 2.30 lower 

(2.93 lower to 1.67 

lower) 

Serious13 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Pain score (PIPP) 2 RCTs 

(232) 

MD 1.05 lower 

(1.98 lower to 0.12 

lower) 

not serious not serious not serious not serious none ⨁⨁⨁⨁ 

High 

Sucrose (25%) VS 

glucose (25%) 

Term infants 

during 

intramuscular 

injection 

Pain score (NIPS) 1 RCT 

(60) 

MD 0.10 lower 

(0.89 lower to 0.69 

higher) 

Serious13 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Sucrose (24%) VS 

sterile water  

Neonates during 

bladder 

catheterization 

Pain score (DAN) 1 RCT 

(33) 

MD 2.43 lower 

(4.50 lower to 0.36 

lower) 

not serious not serious not serious Serious2,3 none ⨁⨁⨁◯ 

Moderate 

Sucrose (24%) VS 

distilled water  

Preterm infants 

during orogastric 

Pain score (PIPP) 

intra procedure 

1 RCT 

(105) 

MD 0.30 lower 

(1.33 lower to 0.73 

not serious not serious not serious Serious3 none ⨁⨁⨁◯ 

Moderate 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-062296:e062296. 12 2022;BMJ Open, et al. Shen Q



tube insertion higher) 

Pain score (PIPP) 

30 s post 

procedure 

1 RCT 

(105) 

MD1.30 lower 

(2.31 lower to 0.29 

lower) 

not serious not serious not serious Serious2 none ⨁⨁⨁◯ 

Moderate 

Pain score (PIPP) 

1 min post 

procedure 

1 RCT 

(105) 

MD 0.50 lower 

(1.40 lower to 0.40 

higher) 

not serious not serious not serious Serious3 none ⨁⨁⨁◯ 

Moderate 

Sucrose (24%) by 

syringe + swaddled 

+pacifier VS water 

by syringe + 

swaddled + 

pacifier 

Neonates during 

ROP examination 

Pain score (PIPP) 1 RCT 

(32) 

MD 0.00 lower 

(2.08 lower to 2.08 

higher) 

Serious14 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Sucrose (24% to 

33%) (sucrose or 

sucrose + NNS) 

VS water (or water 

+ NNS) 

Neonates during 

ROP examination 

Pain score (PIPP) 3 RCTs 

(134) 

MD 2.15 lower 

(2.86 lower to 1.43 

lower) 

Serious14 not serious not serious not serious none ⨁⨁⨁◯ 

Moderate 

Sucrose (24%) 

compared with 

EMLA 

Neonates during 

circumcision 

Pain score 

(N-PASS) during 

circumcision 

1 RCT 

(60) 

MD 2.40 higher 

(1.85 higher to 2.95 

higher) 

Serious13 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Pain score 

(N-PASS) after 5 

min  

1 RCT 

(60) 

MD 1.40 higher 

(0.74 higher to 2.06 

higher) 

Serious13 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Sucrose (24%) VS 

EMLA + sucrose 

(24%) 

Neonates during 

circumcision 

Pain score 

(N-PASS) during 

circumcision 

1 RCT 

(60) 

MD 3.00 higher 

(2.42 higher to 3.58 

higher) 

Serious13 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Pain score 

(N-PASS) after 5 

min 

1 RCT 

(60) 

MD 1.20 higher 

(0.49 higher to 1.91 

higher) 

Serious13 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 

Sucrose (24%) VS 

water 

Neonates during 

echocardiography 

Pain score (PIPP) 1 RCT 

(104) 

MD 2.15 lower 

(3.30 lower to 1.00 

lower) 

Serious9 not serious not serious Serious2,3 none ⨁⨁◯◯ 

Low 
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Sucrose (24%) VS 

water 

Neonates during 

potentially painful 

procedures for a 

period of seven 

days 

'Motor 

development and 

vigor' (MDV) 

domain of NAPI 

tool 

1 RCT 

(93) 

MD 1.83 lower 

(8.59 lower to 4.93 

higher) 

not serious not serious not serious Serious3 none ⨁⨁⨁◯ 

Moderate 

'Alertness and 

orientation' (AO) 

domain of NAPI 

1 RCT 

(93) 

MD 3.09 higher 

(6.49 lower to 12.67 

higher) 

not serious not serious not serious Serious3 none ⨁⨁⨁◯ 

Moderate 

Boundy EO, 

2016 

Kangroo mother 

care VS controls 

Neonates during 

painful procedures 

Pain score (PIPP) 5 RCTs 

(344) 

MD 0.98 lower 

(1.83 lower to 0.13 

lower) 

not serious Serious8 not serious Serious2 none ⨁⨁◯◯ 

Low 

Pain score (NIPS) 2 RCTs 

(694) 

MD 1.21 lower 

(2.88 lower to 0.45 

lower) 

not serious Serious8 not serious not serious none ⨁⨁⨁◯ 

Moderate 

Pain score (NFCS) 2 RCTs 

(699) 

MD 1.40 lower 

(3.08 lower to 0.28 

higher) 

not serious Serious8 not serious Serious3 none ⨁⨁◯◯ 

Low 

Pain score 8 RCTs 

(1097) 

SMD 0.75 lower 

(1.28 lower to 0.22 

lower) 

not serious Serious8 not serious not serious none ⨁⨁⨁◯ 

Moderate 

* FT: Facilitated tucking; NNS: nonnutritive sucking; TA: Topical anesthetic; NIDCAP: Newborn Individualized Developmental Care and Assessment Program;  

** NGT: nasogastric tube; OGT: orogastric tube  

*** Pain reactivity: pain scores at the beginning of the procedure; Pain reactivity: pain scores immediately after the procedure; PIPP: Premature Infant Pain Profile; DAN: Douleur Aiguë du Nouveau-né Scale; 

NIPS: Neonatal Infant Pain Scale; NFCS: Neonatal Facial Coding System; BPSN: Bernese Pain Scale for Neonates; N-PASS: Neonatal Pain Agitation and Sedation Scale 

**** CI: confidence interval; MD: mean difference; SMD: standardized mean difference; SD: standard deviation; RR: risk ratio; RD: Risk Difference 

1. I²＞50%; 2. small sample size; 3. a wide 95% CI; 4. the majority of risk of bias judgements was rated as "unclear" or "high"; 5. the total number of participants is less than the threshold for continuous outcomes 

(<400); 6. the total number of participants is less than the threshold for imprecision (<150); 7. only one study with small size; 8. I²＞75%; 9. There were concerns about allocation concealment and performance 

bias in this single study; 10. concerns about blinding of performance and detection bias; 11. There was high risk of selection bias and performance bias in this study; 12. It is uncertain if outcome assessors were 

blinded; 13. concerns about bias for random sequence generation, allocation concealment and lack of blinding for performance and detection; 14. the authors did not describe how the random sequence was 

generated, nor did they describe how allocation concealment was achieved; 15. There were some concerns about risk of bias in these studies for random sequence generation and allocation concealment. 
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