J Caring Sci. 2025;14(3):139-150
doi: 10.34172/jcs.025.33447 TU‘O‘MS
https://jcs.tbzmed.ac.ir PRESS

CrossMark
&click for updates

Systematic Review

Nonpharmacological Interventions on Intramuscular
Vaccination Pain among Infants: A Systematic Review and
Meta-Analysis of Randomized Control Trials

Kurvatteppa Halemani' ™, Elsa Vitale?, Asha Shetty?, Lata Thimmappa*, Alwin Issac?, Vijay VR', Prabhakar Mishra®

'College of Nursing, All India Institute of Medical Sciences (AIIMS), Raebareli UP, India

*Healthcare and Nursing Professions Department, ASL Bari, Bari, Italy

3College of Nursing, All India Institute of Medical Sciences (AIIMS), Bhubaneswar, India

*College of Nursing, All India Institute of Medical Sciences (AlIMS), Kalyani, West Bengal, India

*Department of Biostatistics & Health Informatics, Sanjay Gandhi Post Graduate Institute of Medical Sciences, Lucknow, India

Abstract

Introduction: Vaccination pain is the most common distress for young children and their
parents. Non-pharmacological interventions significant impact on vaccination pain in infants.
This systematic review and meta-analysis aimed to appraises the evidence concerning the non-
pharmacological interventions on vaccine related pain in infants.

Methods: This study was followed Preferred Reporting Items for Systematic review and Meta-
Analysis (PRISMA) statement and recommendation of Cochrane guidelines. Electronic databases,
including PubMed, Cumulative Index to Nursing & Allied Health Literature (CINAHL), EMBASE,
Web of Science, and Clinical Key, were searched for original trails. Pooled data were analyzed
using a random-effects model with 95% confidence intervals (Cls). The subgroup analysis
including breastfeeding, sucrose, kangaroo mother care, massage, heat-cold applications, and
pain scales were presented in forest plots using RevMan software 5 version 4.1.

Results: A total of 1,739 infants were included from 19 trials. Of these, 1,055 infants received
interventions, while 684 infants given usual care. Eight trails used breastfeeding as an intervention,
standard mean difference (SMD): -3.28. 95% (Cl): -4.16 to -2.4, P=0.0, [2=95%. Similarly, six
trials employed sucrose [SMD -2.22, Cl: -3.68 to -0.75, P=0.0, 12=97%]. Three studies utilized
kangaroo mother care (KMC), SMD: -1.1 Cl: -2.18 to -0.02, P=0.0, 12=89%) and hot and cold
applications [SMD: -1.14, Cl: -2.86 to 0.58, P=0.0, 12=95%].

Conclusion: Noninvasive therapies such as breastfeeding, massage, sucrose, KMC, and hot and
cold applications were effective interventions in reducing vaccination pain in infants. Studies
have proved that nonpharmacological interventions were ideal and acted as analgesics among
children with fewer side effects.
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Introduction physiological responses, and behavioral manifestations

Children are not merely smaller versions of adults;
their developmental needs and requirements differ
significantly from those of other age groups."? Children
have passive immunity, conferred through breastfeeding
and immunization. Vaccines serve as preventive
measures that contain antibodies or antigens, triggering
the body’s natural immune response against specific
pathogens.>* According to the Centres for Disease
Control and Prevention (CDC), vaccinations are a crucial
public health strategy that protects millions of children
from various diseases every year.>® Immunization is an
invasive procedure that may induce pain during and
after the injection. Children typically exhibit a higher
pain threshold than adults; however, perception of pain,

can vary significantly.” Certain vaccines, particularly
those administered intramuscularly (IM) into the vastus
lateralis muscle, are associated with notable discomfort.
However, the anterior lateralis site is preferred for infants
due to fewer nerves and blood vessels. Vaccines such as
Diphtheria, Pertussis, Tetanus (DPT), and Pentavalent are
delivered into the largest segment of the vastus lateralis
muscle. The pain intensity may escalate six hours following
vaccination, and some children may also develop fever.®
Nevertheless, the pain associated with vaccination can be
effectively managed through symptomatic treatment.’
Pain management in pediatric populations is frequently
neglected, despite its crucial role during painful
procedures.'® There is frequently a divergence of opinions
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between clinicians and family members regarding the
use of pharmaceutical interventions. Additionally, pain
management strategies for children are not usually
aligned with those used for adults, which can lead to a
greater reliance on medications." The combination of
pharmacological and traditional therapies is a commonly
practiced and effective approach.'*’* However, there
is currently a lack of standardized guidelines for non-
pharmacological interventions aimed at managing pain
in children. Prior literature has reported inconsistent
findings about the effectiveness of non-pharmacological
methods for managing procedural pain in neonates.'*'¢

In this context, Queiros in 2023 conducted a systematic
review to assess the efficacy of non-pharmacological
interventions in an alleviating vaccination-related
pain in infants.” No systematic reviews and meta-
analysis conducted to assess the effectiveness of non-
pharmacological interventions for relieving vaccination
pain. Hence, this systematic review and meta-analysis
aimed to evaluate various non-pharmacological strategies,
including breastfeeding, sucrose administration, massage,
kangaroo mother care (KMC), and the application of
hot and cold treatments, for reducing vaccination pain
among infants.

Materials and Methods

This systematic review and meta-analysis aimed to
appraises the evidence concerning the effectiveness of
non-pharmacological interventions on vaccine related
pain among infants. The Cochrane Collaboration
guidelines were adopted, and reported with using
Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) 2020 statement.'® The
review protocol has been registered with PROSPERO
(CRD42023476666).

A comprehensive search strategy was formulated
using the MeSH words or key terms connected to
PICO statement (population or patient, intervention,
comparator or control, and outcome) in PubMed and
tailored into different databases. Population: Infants
visited routine immunization (Hepatitis B, DPT and
Pentavalent vaccine); Intervention: non-pharmacological
management; Comparison with routine care; Outcomes:
vaccine related pain, duration of cry and heart rates. The
databases, including PubMed (MEDLINE), Cumulative
Index to Nursing and Allied Health Literature (CINAHL),
ClinicalKey, Web of Science, EMBASE, and Scopus were
searched for relevant articles from inception January,
2008 to September 2023. In addition to this manual search
was conducted in tracking citations of references.

The identified articles were imported into Rayyan
software, where duplicates were removed using the
“check for duplicates” tool."”” A manual search was carried
out to the direction of a citation and references of relevant
studies. Observational studies, qualitative studies, case
reports, and editorials were excluded. Further full

articles were screened based on review criteria. The non-
pharmacological intervention was major intervention in
randomized control trials (RCTs) with pain reduction
was primary outcome and duration of cry and heart rates
were secondary outcomes.

Two independent authors (KH, EV) conducted
screening of included trials. Any disagreements between
the first two authors of the extracted data was referred to
the third author (AS) for the final settlement. A retrieved
data was presented in data extraction sheet with the
following headings, author’s name, country and year of
study conducted, sample size, study design, diagnostic
criteria, duration of study, study selection criteria, and
study outcomes were retrieved.

Search Outcome

The search strategy identified 14539 studies through
electronic databases and 15 studies from other media,
2841 duplicate records were excluded. After assessing the
titles and abstracts, 11619 studies were omitted, as they
did not meet the criteria of the review according to PICO.
Again 17 articles were not reviewed, after assessing the
full text, another 43 articles were excluded, as they did
not match the inclusion criteria of the systematic review
and meta-analysis. The reasons for excluding articles were
that the study involved Nonpharmacologic intervention
was given in combination with other therapies as an
intervention, and the Difference in the primary outcome
and inappropriate research methods. Although, an RCT
evaluated the effectiveness of non-pharmacological
interventions among infants undergoing vaccination.
Thus, nineteen articles were involved in narrative
synthesis, and meta-analysis. The flow diagram of study
selection process is presented in Figure 1.

The Cochrane risk of bias tool (ROB-2) was used
to evaluate the risk of bias of the included trials. The
details regarding the risk of bias of all included trials and
judgements about each risk of bias item are presented
in Figure 2.%7% Narrative synthesis was carried out and
summarized in data extraction form, which included
author, year of publication, country, design, sample size,
gestational age, and birth weight, age during vaccination,
inclusion criteria, exclusion criteria, intervention, name
instruments and study outcome (Table 1).

Interventions and Instruments

The use of pharmaceutical therapy in children can lead to
increased adverse effects. Therefore, non-pharmacological
interventions are often preferred for children due to their
fewer side effects. For instance, breastfeeding is commonly
offered as a natural source of comfort for newborns during
painful procedures. In addition to breastfeeding, several
randomized controlled trials (RCTs) have examined non-
pharmacological interventions for pain management,
including sucrose solutions, skin contact, massage, heat
and cold applications, and flicking. In contrast, the
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Figure 1. Flow diagram of study

Unique ID Study ID D1 D2 D3 D4 D5 Overall

Gungor etal®® | 2021 Q . Q Q Q ‘ . Low risk

Erkul & Efe?! 2017 | Q 1 Some concerns

Karaca et al*? 2016 : ' : : : ’ _. High risk

Karakus et al® | 2022 .

Saeidi et al** 2011 ’ 1 t*{ 8 DI Randomisation process

Rad et al® 2021 . D2 Deviations from the intended interventions
Esfahani et al®® | 2013 : : : : . D3 Missing outcome data

Karimi et al?’ 2022 . D4 Measurement of the outcome
Modarres et al®® | 2013 D5 Selection of the reported result
Gupta et al®® 2013 :

Pandita et al* 2018 .

Gupta et al’! 2017 .

Gajbhiye etal’? | 2018 ‘

Hatfield et al®* | 2008 Q

Kostandy et al** | 2013

Alzawad® 2019 1 g

Gad et al’ 2019 ‘

Oh et al®’ 2018 Q

Hatami et al*® 2018 '

Figure 2. The risk of bias assessment

control group received standard care after vaccinations.
This review utilized various standardized scales namely
Neonatal Infant Pain Scale (NIPS), Face, Legs, Activity,
Cry, and Consolability (FLACC) scale, Douleur Aigué
Nouveau-né (DAN scale). Adventure Behavior Seeking
Scale (ABSS scale) and Wisconsin Children’s Hospital
(UWCH, scale) to assess the severity of pain experienced
by infants during vaccinations.

Statistical Analysis

The included studies were coded and entered into the
Microsoft Excel spreadsheet before being transferred to
RevMan software Version 4.4.1. The individual study mean
difference and weights were calculated by standardized
mean difference (SMD) after adjusting standard deviation.
Heterogeneity among studies was assessed using the I*
test, categorizing the I* values as high (>75%), medium
(50-75%), and low (<50%) heterogeneity. (20) A
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Table 1. Study characteristics

GA/ BW/ Pain The quality
Name of .
e, e & Research Sample present age in Sty it Interventions assessment of a body of
Count ! design size months/vaccine scales and cut  evidence and
i & site off scores grading *
T:96 38-38.6 weeks/  Healthy infants who on EBF EG1: Heat & cold anplication FLACC
Glingor et al*® RCT EG1:31  NR/2-4/ visited family healthcare iver.‘n PP Mild: 0 4; High
2021, Turkey EG2:32  Pneumococcal/ centers for routine %G' A [ care given Moderate: 5-6
CG:33 IM vaccinations. S8 usual care give Severe: 7-10. @@@@
EG: BF & sucrose given
T:100 38-42 The mothers were agreed to  simultaneously during NI.PS
Erkul & Efe?! weeks/2.5 kg/2/ Mild=1-3 Moderate
RCT EG:50 breastfeeding for 30 minutes  vaccination.
2017, Turkey G50 DPT or Hep-B/ Fior to vaccination CG: Usual care given durin Moderate=4-6
’ IM pri vacemation. i given during Severe=7-10 $$$O
vaccination.
Karaca Ciftci T=70 37-42 Infants without pain tEhGe; :Eien’;ulsecftleh;v:; peld it NIPS
- weeks/3.4 medication before . o ) mild=1-3 High
etal? RCT EG=35 - . area was flicked with the right-
2016, Turkey CG=35 kg/30-42 days/  vaccination were included. hand during vaccination moderate=4-6 @@@@
! Hep B/IM Preterm were excluded. ' severe=7-10
CG: Usual care
Karakus Tiirker T=70 3\;—:[(25/2 54 Full-term with normal Apgar  EG:BF given during vaccination. II\\JAIilljj—1—3 Hich
and Gozen* RCT EG=35 kg/1 day./Hep—B/ were included. Preterm with  CG: Skin-to-skin contact with Mode_rate—4—6 8
2022, Turkey CG=35 IM skin lesions were excluded.  their mothers Severe=7-10 @@@@
37-42 Healthy infants with normal EC: Ir?fants t(? the mother chest NIPS
. T=60 for skin to skin contact for 2 . .
Saeidi et al** weeks/2.5to 4 Apgar scores who had not . . Mild=1-3 High
RCT EG:30 minutes before & 3 minutes after
2011, Iran G0 kg /NR/ DPT/ been fed for the last 30 vaccination Moderate =4-6
' Hep/IM minutes were included. ) Severe=7-10 @@$@
CG: Usual care
Akbarian Rad T=90 28-37 weeks/ Parents who willing to give EG1:2ml mother breast milk PIPP
ot al’s RCT EG1:30  2.5kg. consent were included. exposed that stimulated through ~ Mild:0-6 High
2021, Iran EG2:30  (Avg)/3/Hep Infants w received sedatives  smell. Moderate:7-12
! CG:30 B/IM were excluded. CG:2ml of distilled water. Severe:13- 21 @@@@
Infant seeking routine EGl : BF-glven during NIPS
Savabi Esfahani T=96 vaccination were included vaccination. Mild=1-3
EG1:32  NR/NR/6-12/ . ' EG2: Massage of the middle or N High
etal*® RCT Infants who cry prior to L . , Moderate=4-6
2013, Iran EG2:32 Hep BAM vaccination or open wounds 5 finger of the infants’ palm or Severe=7-10 @@@@
! CG:32 P sole of the injected side for 60 T
were excluded. pain.
sec.CG: Usual care
) . EG1: BF given before MBPS A total
Healthy infants not received -
T=171 analgesics for the past 48 h vaccination score ranged
Karimi et al*” EG1=55 NR/NR/4/ & P EG2(SS):2cc Dextrose 50% from 0-8. High
RCT were included. The parents . .
2022, Iran EG2=57 Pentavalent/IM unwilling to provide consent V33 slowly poured during Higher score @@@@
CG=59 slop vaccination. increases pain
were excluded. . )
CG: Usual care intensity.
B 37-42 Infants with normal Apgar EG: Neonates were BF during .
Modarres et al*® T=130 weeks/2.5-4 & being EBF were included.  two minutes before, during, & DAN. 'ngher High
RCT EG=65 : . - score indicates
2013, Iran CG=65 kg /1 day/ Hep  Infants with congenital after Hep B vaccination. ain
- B/IM anomalies were excluded. CG: Usual Care pain- @@@Q
EG1: BF & 1 g of EMLA cream
T96 EBF infants were came for applied. MECS
" : routine vaccination. Prenatal, EG2: 1 g of EMLA cream with 2 ) )
Gupta et al EG1:33  NR/NR/3/DPT/ ) : . L . Mild=1-3 High
. RCT perinatal asphyxia, & infants  ml distilled water given.
2013, India EG2:31 - IM with medical illness were CG: One gram of placebo cream Moderate =4-6
€G-32 excluded. applied at vaccine site prior 2 severe=7-10 QGQQ
minutes.
4 . NIPS
Tp1 Healthy Infants referred for EG: The skin-to skin contact, To0.7
Pandita et al*° RCT E6—32 37.7 weeks/2.9  immunization were included. prior and during vaccination, Mi‘]d—1 3 High
2018, India ~ kg/1/ DPT/IM Birth asphyxia, who received  and after 5 min post vaccination. re=1-
CG=29 : Moderate=4-6 @@@@
analgesics were excluded. CG: Usual care
Severe=7-10
EG1: BF & 1gof EMLA cream MFCS and
T:90 Infants on EBF came for was applied at vaccine site prior NIPS
Gupta et al’! RCT EG1:30  >37/NR/1.7/ vaccination. Similarly, 2min. Mi]d/—1-3 High
2017, India EG2:30  DPT/IM delayed cry, birth asphyxia & EG2: 1 g of EMLA cream with 2 Mode;ate*4—6
CG:30 IUGR were excluded. ml distilled water - @@@Q
Severe=7-10
CG:1 g of placebo cream.
To150 3742 Infants on EBF & parents EG1: A1 mL of 25%oral sucrose PIPP
Gajbhiye et al*? EG1=50 weeks2.5910  Bven consentwere included. - EG2:BF was started two Mild:0-6 High
. RCT Formula-fed infants & minutes prior to vaccination
2018, India £G2:50 2,73 kg/1-2 day/ o ced 10 opioids were and continued till the end of Moderate: 7-12 + 4+
CG=50 Hep BAM P P and ¢ Severe: 13- 21
excluded. injection.CG: Usual care
‘ To83 37.42 lnfant§ with no sign’s illness  EG: Oral sucrose solution (0.6 UWCH
Hatfield et al** were included. Infants who ~ ml/kg) was calculated based on . Moderate
2008, USA RCT EG=38  weeks/2.5 kg/2 fed or using pacifiers were BW given prior vaccination Higher scores
' CG=45 -4/ Hep-BIM 8P gven p : indicate pain. SHP0O

excluded. CG: Usual care
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Table 1. Continued.

Name of GA/ BW/ Pain The quality
Research Sample present age in s . assessment of a body of
authors, year & . . . Study criteria Interventions .
Count design size months/vaccine scales and cut  evidence and
Y & site off scores grading *
736 39.7 weeks Healthy infants with normal EnGd :l:(aic:]nates were placed prone ABSS
Kostandy et al** RCT EG=17 53 3 Ko/1-2 Apgar scores whose parents to skin on their mother's chest Mild:0 4; High
2013, USA CG_—1 d : /)ﬁ/ B/M consented to participate were . her bed Moderate: 5-6;
=19 days/Hep included In her be Severe: 7 -10. @@@$
! CG: Usual care.
. EG1: BF given before during
Alzawad* Eg?zo NR/NR/2 =12/ Infants scheduled for routine  vaccination. l\}/:\ln-]AdCOC4 Moderate
2019, Saudi RCT EGZ:ZO DPT or Hep-B/  immunization & without EG2: Sucrose solution given Modérate' 5.6
Arabia ) IM illnesses were included. before during vaccination. et
CG:20 8 Severe: 7 -10
’ CG: Sterile water given. :
Healthy breastfed infants EG1: Initiate BF T min before
T=120 came for vaccination were srcfgg(tillj‘rie throughout the FLACC
Gad et al’® EG1=40 NR/NR/NR/ included. Infants who . . o Mild:0 4 High
2019, Egypt ReT EG2=40 DPT/IM received analgesics in the 24 lsgl?czr;):\edin::;ﬁr:{aig: 25% Moderate: 5-6
CG=40 hours prior to vaccination S Lo Severe: 7 -10 @@@$
were excluded CG: Administering 2 mL sterile
water 1 min before injection
T=116 . EG1: 10% dextrose (1 mL), NFCS, NIPS,
EG129  30weeks/32  mantswith normal Apgar gy 00 e iose, EG3ia00,  And PIPP scales
Oh etal” RCT EGZCBO kg/1day/ H.e score were included, Infants dext;ose solution ’iven aurin in all groups.  High
2018, Korea EG3:3O B/M yrnep with repeated serum glucose vaccination & & Higher scores @@@@
CG=27 monitoring, were excluded. CG: Sterile water !ncrea'se pain
intensity.
Infants with normal Apgar . . . .
Hatami T=50 39.1 weeks/3.1 & BF prior 2 hours were EaGC.CI'S:a%I(\)/sn prior, during DAN High
Bavarsad et al** RCT EG=25 kg/1day/Hep included. Infants with vacenat Higher score '8
CG: routinely care.
2018, Iran CG=25 B/IM congenital anomalies indicates pain. @@@@

excluded

Abbreviations: RCT: randomized control trials, T: total, EG: Experimental group, CG: Control group. BF: breast feeding, H/o: History of. IM: intra muscular, NR:
not reported: DPT: Diphtheria, Pertussis & Tetanus, EBF: exclusively breastfed; NIPS: Neonatal Infant Pain Scale, MFCS: Modified Neonatal Facial Coding Score,
UWCH: University of Wisconsin Children’s Hospitals: sensorial saturation, DAN: Douleur Aigué du Nouveauné, ABSS: Abstainers Behavioral State Scale. PIPP:

Premature Infant Pain Profile

* High grading: Further research is very unlikely to change confidence in the estimate of effect. Moderate: Further research is likely to have an important impact on
confidence in the estimate of effect and may change the estimate. Low: Further research is very likely to have an important impact on confidence in the estimate
of effect and is likely to change the estimate. Very low: Any estimate of effect is very uncertain

random effects model was employed due to the observed
heterogeneity. SMDs were calculated with 95% confidence
intervals (95% CI) for continuous variables reported in
forest plots. The heterogenicity was minimize through
subgroup analysis of primary (vaccination pain) and
secondary outcomes (duration of cry and heart beats). The
pooled data were analyzed and reported using RevMan 5
software version 4.1 (The Cochrane Collaboration, 11-13
Cavendish Square, London, W1G 0AN, United Kingdom)
and Stata software 17 (StataCorp LLC, Lakeway Drive,
College Station, Texas, USA).

Results

This systematic review and meta-analysis included 19
original RCTs that evaluated the effectiveness of non-
pharmacological interventions in reducing vaccination
pain among infants (Table 1). A total of 1739 infants
visited health centers for routine vaccination, out of
which 1055 received non-pharmacological interventions,
while 684 infants in control group received standardized
care. The gestational age of infants ranged from 28 weeks
to 42 weeks, and their birth weight ranged from 2.5 kg to 4
kg. The age of infants during vaccination ranged from 24
hours to 4 months, and all of them received intramuscular
vaccines like hepatitis B, DPT, and pentavalent vaccine.

Most studies used breastfeeding as an intervention in
experimental groups, followed by sucrose solution, skin-
to-skin contact, massage, heat and cold application, and
flip application. The primary outcome of the included
studies was vaccination pain. The original RCTs were
conducted in different parts of the world, including
Turkey,”? Iran,*?# India,®** USA,** Saudi Arabia,®
Egypt,*® Korea,” respectively.

Eleven studies evaluated the effectiveness of
breastfeeding on vaccine pain in infants. The study
included 430 infants in the intervention group and 434
infants in the control group. This meta-anslysis was
carried out based on standard mean difference(SMD)
of vaccine related pain at 95% confidence intervals(CI)
[SMD(95% CI)  -3.28(-4.16,-2.4),p=0.0, I12=5%].7"*
293132363839 Similarly, six studies evaluated the effectiveness
of sucrose solution on vaccine pain before and during
vaccination, the intervention group received 1-3 mL
drops of sucrose solution. The intervention group has a
lower pain threshold than the control group

[SMD, (95% CI)] [-2.22 (-3.68, -0.75), P=0.0,
P=97%].273233363  Three  studies evaluated the
effectiveness of KMC. The review found that skin to
skin contact reduced pain threshold in infants [SMD,
(95% CI)] [-1.1 (-2.18, -0.02), P=0.0, I*=89%].**
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Another study reported hot and cold application [SMD,
(95% CI)] [-1.14 (-2.86,0.58), P=0.0, F=95%].° The
intervention group reported using the massage® and flick
application® reduced the vaccination pain into 0.85 and
1 times, respectively. Overall subgroup analysis revealed
that nonpharmacological interventions more effective
and found statically significant to reduce vaccination
in infants [SMD, (95% CI)] [-2.36 (-2.91, -1.8), P=0.00,
=95%] (Figure 3).

Four studies examined the effectiveness of breastfeeding
and sucrose solution on vaccine pain.??*>*** A total of
332 patients took part in the review, with 165 infants in

the breastfeeding groups and 167 sucrose groups. The
findings revealed that breastfeeding was a more effective
intervention in reducing pain in the intervention group
and was statistically significant. [SMD, (95% CI)] [-0.35(-
1.21, 0.5), P=0.00, I*=93%].7>*%* Compared to the
KMC?* and massage® groups, breastfeeding is an effective
intervention in reducing infants’ pain. The reduction of
vaccine pain that is 0.16 times in KMC group and 0. 55
times massage group (Figure 4).

Various pain assessment scales were used to evaluate
infants” pain. Of this, nine studies employed NIPS, with
higher scores indicating greater pain. However, non-

Non-Pharmacological Inter Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean sD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Breastfeeding
Gupta,2013 1.5 0.4 33 59 04 33 30% 1087 [F12.84,-8.50]
Hatami, 2018 0.3 0.3 24 27 04 28 3.48% -6.68 [8.149,-5.21]
Gad,2019 2.6 1.4 40 g9 11 0 4.2% -4.06 [-5.86,-4.06] +——
Erkul, 2017 1.8 2.2 50 648 07 50 4.48% -3.04 [3.62,-2.46] —
Rad,2021 6.6 1.3 o 114 149 a0 43% -2.91 [3.69,-2.17] —_—
Gupta 2017 23 27 30 68 06 0 4.4% -2.37 [-2.93,-1.61] E—
Modarres, 2013 35 1.3 645 67 16 G5 46% -218 262, -1.75] I
Alzawad, 20149 4.3 1.4 20 7718 20 4.3% -2.07 [-2.85,-1.28] E—
Karimi, 2022 6.6 16 54 849 04 59 46% -1.89[2.44 -1.54] i
Esfahani, 2013 34 [IR:] 32 a8 11 32 45% -1.44 [-1.99, -0.88] ——
Gajbhiye, 2018 8.3 8.2 50 142 &7 a0 46% -0.78[1.19,-0.37] —
Subtotal (95% CI) 430 434  46.4% -3.28 [4.16, -2.40] .
Heterageneity: Tau®= 2.01; Chi*=212.04, df=10 (P = 0.00001}); F= 95%
Testfor overall effect: £=7.32 (P = 0.00001)
1.1.2 Sucrose
Gad,2019 32 16 40 89 11 a0 4.3% -4.11[-480,-3.32] —
Karimi, 2022 5.4 1.3 a7 89 04 59 448% -3.64 [4.24, -3.04] e
Hatfield, 2008 29 04a 45 43 07 3| 45% -2.31[2.88,-1.79) —_—
Alzawad, 20149 6.6 1.3 20 7718 20 4.4% -0.69 [-1.33,-0.08] -]
Gajbhiye, 2018 11 9 50 142 BT 50 46% -0.40 [-0.80,-0.00] ]
Oh,2018 0.4 1.2 i} 18 23 27 Mot estimahle
Subtotal (95% CI) 212 234 22.3% -2.22 [-3.68, -0.75] e
Heterogeneity: Tau®= 2.71, Chi*=131.86, df= 4 (P = 0.00001); F=87%
Test for overall effect: Z= 2.96 (P = 0.003)
1.1.3 KMC
Pandita, 2018 a 1.4 29 4 22 a0 4.4% -2.09[2.73,-1.458] —
Kostandy,2013 2.8 21 19 6.4 4.8 17 4.4% -0.87 F1.67,-0.27] -
Saeidi 2011 & 328 174 462 . 48% -0.28[-0.79,0.23] T
Subtotal (95% CI) 78 77T 13.3% -1.10 [-2.18, -0.02] o
Heterogeneity: Tau®= 0.81, Chi*=18.71, df= 2 (F = 0.0001); F= 89%
Test far averall effect: 2= 2.00 {F = 0.045)
1.1.4 massage
Esfahani, 2013 39 1 32 a8 11 32 45% -0.85 [-1.36,-0.33] —
Subtotal (95% CI) 32 32 4.5% -0.85 [-1.36, -0.33] <
Heterogeneity: Mot applicahle
Test far overall effect: £=3.23 (P =0.001)
1.1.5 Flick application
Karaca, 2016 1 149 34 43 2z 3\ 48% -1.59[2.13,-1.08] —
Subtotal (95% CI) 35 35 4.5% -1.59 [-2.13, -1.05] -
Heterageneity: Mot applicable
Testfor overall effect: Z=5.74 (P = 0.00001)
1.1.6 Heat & cold application
Gilngar, 2021 55 14 3z 91 16 33 458% -2.03[F2.63,-1.42] I
Gilngar, 2021 a.r 1.3 kil 91 16 33 458% -0.27 [[0.76,0.22] T
Subtotal (95% CI) 63 66 9.0% -1.14 [-2.86, 0.58] ——anf——
Heterogeneity: Tau®=1.47, Chi*=18.50, df=1 (F = 0.0001); F=95%
Testfor overall effect: Z=1.30 (P =0.19)
Total {95% CI) 850 878 100.0% -2.36 [-2.91, -1.80] -
Heterogeneity: Tauw®= 1.71; Chi*= 449.96, df= 22 (P = 0.00001); F= 95% 54 52 b é ji

Test far overall effect: Z=8.31 (P = 0.00001}

Testfor subaroup differences: Chi*=23.74, df=5 (P = 0.0002), F=78.9%

MNon-pharamacological inte  Usual care

Figure 3. Forest Plot for no pharmacological interventions

144|  Journal of Caring Sciences. 2025;14(3)



Nonpharmacological pain relief for infant vaccination

pharmacological interventions have been found to be
effective intervention. [SMD, (95% CI)] [-1.72(-2.41,
-1.04), P=0.00, I*=92%].2*2263032%  Gimilarly, four
studies used Face, Legs, Activity, Cry, and Consolability
(FLACC) scale [SMD, (95% CI)] [-0.97(-1.95, -0.01),
P=0.00, ’=86%],”* two studies used Douleur Aigué
Nouveau-né (DAN scale) [SMD, (95% CI)] [-4.41(-
8.75, -0.07), P=0.00, *=95%],%** each of study reported
Adventure Behavior Seeking Scale (ABSS scale) [-1.00
(-1.70, -0.31)]** and Wisconsin Children’s Hospital
(UWCH, scale) [-2.31(-2.88, -1.75)]** for assessing infants’
pain. The intervention group reduced pain threshold than
control group (Figure 5).

Ten studies looked at the impact of non-
pharmacological interventions on the duration of cry in
infants during vaccination. Duration of cry was reduced
in intervention group than control group [SMD, (95%
CI)] [-1.99(-2.82, -1.15), P=0.00, I?=95%].2!-3329-30,3234.36.39
Further, reduced heart rates in intervention group than
control group [SMD, (95% CI)] [-4.31 (-6.35, -2.26),
P=0.00, I*=96%].2%%%* Overall subgroup analysis
revealed that nonpharmacological management is an
effective intervention on vaccination pain and was found
statistically significant [SMD, (95% CI)] [-2.47 (-3.25,
-1.69), P=0.00, I*=96%] (Figure 6).

Meta-regression

Regression analysis of meta-analysis was performed
to understand the relationship between effect sizes
and covariates. Non pharmacological intervention is a
moderator and residual heterogeneity was calculated
using random effects. The I? value was 98.05%, indicating

Std. Mean Difference
IV, Random, 95% Cl

a heterogeneity among the studies. Conversely, the R*
value assesses the proportion of variance explained by
the study variables. The Chi-square (x*) value was 2.00,
with a p-value of 0.008 and suggested that the regression
model fit is equivalent to the z test, where the x* value
is the square of the Z value. Additionally, 7.66% of the
variance between studies was accounted. The regression
coefficient for non-pharmacological interventions was
0.352, and the intercept was 3.41, respectively. The test
statistic for residual heterogeneity (Qres) was 451.88
with a P value of 0.000, further indicating significant
heterogeneity among the residuals. Hence present meta-
analysis confirmed that random effect model appropriate
to address heterogenicity (Table 2)

Galbraith Plots

The Galbraith plot is a graphical representation that
illustrates study-specific effect sizes and their precisions,
as well as the overall effect size, while also helping to
detect potential outliers. The plot features two horizontal
lines: the green line represents the reference line,
indicating no effect, while the red line is the regression
line. The slope of the red line reflects the overall effect
size and the standardized log risk ratio for each study.
Circles above the green line indicate an increased risk
in the intervention groups. However, no studies were
reported above the reference line in this analysis. In the
present meta-analysis, most circles were found within the
shaded region, except for one study, which suggested that
the included studies appeared within 95% of the CI. The
Galbraith plot concluded that the majority of studies are

Std. Mean Difference
IV, Random, 95% CI

Non-Pharmacological intrv Usual care
Study or Subgroup Mean sD Total Mean SD Total Weight
1.2.1 Breastfeeding vs sucrose
Alzawrad, 2019 43 1.4 20 G.E 1.3 20 131%
Gad, 2019 26 1.4 a0 32 16 40 146%
Gajhhiye, 2018 8.3 8.2 50 11 ] 50 148%
Karimi, 2022 BB 1.6 54 54 13 57 14.8%
Subtotal {95% CI) 165 167 57.4%
Heterogeneity: Tau®= 0.71; Chi*= 42.29, df = 3 (F < 0.00001); F=93%
Testfor overall effect Z=0.79 (F=0.43)
1.2.2 Breastfeeding vs KMC
Karakus, 2022 6.2 1.3 3a G4 1.2 35 145%
Subtotal {95% CI) 35 35 14.5%
Heterogeneity: Mot applicable
Testfor overall effect Z=0.66 (P =0.51)
1.2.3 Breastfeeding vs massage
Esfahani, 2013 3.4 n.a 3z 34 1 29 14.3%
Subtotal {95% CI) 32 29 14.3%
Heterogeneity: Mot applicable
Testfor overall effect £=2.10 (P = 0.04)
1.2.4 Cold and heat application
Gingdr, 2021 54 1.4 3z a7 1.3 31 138%
Subtotal {95% CI) 32 31 13.8%
Heterogeneity: Mat applicable
Testfor overall effect Z=6.27 (P = 0.00001)
Total {95% CI) 264 262 100.0%

Heterogeneity: Tau®= 0.69; Chi*= 75.28, df= B (F = 0.00001); F=92%
Testfor overall effect Z=1.73 (P =0.08)
Testfor suboroup difierences: Chi*= 2212, df= 3 (P =0.0001), F= 286.4%
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0.82 [0.43,1.21] —
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Figure 4. Forest Plot for effectiveness of breastfeeding and sucrose solution on vaccine pain
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Non-Pharmacological intrv Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 NIP§
Gupta,z2013* 0.4 1.5 33 58 04 33 5.0% -4.95 [-5.95, -3.96] —
Gupta, 2017 2.3 27 an 68 06 30 5.6% -2.2T [2.93,-1.61] -
Pandita,2018@& ] 1.8 29 4 22 32 5.6% -2.08[F2.71,-1.49] -
Erkul, 201 7% 34 2.2 50 68 0.7 50 5.8% -2.07 [2.56,-1.58] -
Karaca, 201658 1 1.8 35 43 12 35 5.7% -1.59 213, -1.05] -
Esfahani,2013* 34 0.8 3z 48 11 32 5.7% -1.44 [-1.99 -0.58] -
Esfahani,2013% 349 1 32 48 11 32 5.8% -0.85 [1.36,-0.33] -
Oh, 20185 0.4 1.2 an 18 23 27 5.7% -0.49 [-1.02, 0.04] 7
Saeidi,2011@ 3] 32 an 17 4B 30 5.8% -0.27 [[0.78,0.23] -T
Subtotal (95% CI) 301 301 50.6% .72 [-2.41,1.04] L
Heterageneity: Tau®=1.00; Chi*=102.15, df= 8 (P = 0.00001}); F=92%
Test far averall effect =493 (P = 0.00001)
1.3.2 FLACC
Alzawad, 2019% 43 1.4 20 7T 18 20 5.4% -2.07 [2.85,-1.29] —_
Alzawad, 2019 6.6 1.3 20 T8 20 5.6% -0.69 [-1.33,-0.09] -
Glngdr, 2021 # 8.7 1.3 kil 31 16 33 5.8% -0.27 [0.76, 0.22] -T
Glngar, 202173 53 1.8 32 1.6 i} i Mot estimahle
Subtotal (95% CI) 103 73 16.7% -0.97 [-1.95, 0.01] -
Heterageneity: Tau®= 0.64; Chi*=14.57, df= 2 (P = 0.0007); F= 86%
Testfor overall effect Z=1.94 (F=0.05)
1.3.3 MBPS
Karimi, 2022* 54 1.3 a7 88 04 58 5.6% -3.64 [4.24,-3.04] -
Karimi,2022* 6.6 1.6 54 88 04 59 5.8% -1.89 244 -1.54] -
Subtotal (95% CI) 112 118  11.5% -2.80[4.42,-1.19] e o
Heterageneity: Tau®=1.29; Chi*=18.57, df=1 {P = 0.0001); F= 95%
Testfor overall effect: Z=3.40 (F = 0.0007)
1.3.4 DAN
Hatarmi,2018* 0.3 0.3 24 27 04 25 4.1% -6.68 [8.14,-5.21] —
Modarres, 2013* 35 1.3 645 68 16 G5 5.8% -2.25 2649, -1.81] -
Subtotal (95% CI) 90 90  10.0% -4.41 [-8.75, -0.07] ——ee——
Heterogeneity: Tau®= 951, Chi®= 31.90, df=1 (P = 0.00001); F= 97%
Testfor overall effect Z=1.98 (F = 0.05)
1.3.5 ABSS
Kostandy, 201 3@ 28 21 19 G4 46 17 5.5% -1.00 [-1.70,-0.31] -
Subtotal (95% CI) 19 17 5.5% -1.00 [1.70, -0.31] <>
Heterageneity: Mot applicable
Testfor overall effect Z=2.82 (P=0.005)
1.3.6 UWCH
Hatfield,2008* 29 0.5 45 43 07 38 5.7% -2.31 [2.88,-1.79] -
Subtotal (95% CI) 45 38 5.7% -2.31 [-2.88, -1.75] L 2
Heterageneity: Mot applicable
Testfor overall effect: Z=8.06 (F = 0.00001)
Total {95% CI) 670 637 100.0% -1.96 [-2.49, -1.43] L 2
Heterageneity: Tau®=1.20; Chi*= 251.88, df=17 (P = 0.00001); F= 93% f |

Testfar averall effect Z=7.24 (P = 0.00001)
Testfor subgroup differences: Chi*=13.72, df=5 (P =002}, F= 63.6%

-10 -5 0 5

Non-pharamacological inte  Usual care

10

Figure 5. Forest Plot for infants” pain

appeared inside shaded region, indicating considerable
heterogeneity among the effect sizes in the present meta-
analysis. (Figure 7).

The study did not find any evidence of publication
bias, as determined by Begg’s and Egger’s tests. Details of
the publication bias of individual studies was conducted
in Stata software and reported in Figure 8 (P>0.53, i.e,,
when P value is more than 0.05 implicates low publication
bias).

Discussion

Overall, this systematic review and meta-analysis
involving recent RCTs highlighted nonpharmacologic
interventions on management of vaccination pain Infants
have unique needs and require special attention as they are
not simply miniature versions of adults. For this reason,

early detection and management of health ailments are
essential for their well-being.***

Itisimportant to note that minor invasive procedures are
performed at the same time or when child in awake. Thus,
this approach reduces unnecessary infant disturbance
and enhances general health and sleep quality."
Although, pain is the unpleasant sensory and emotional
experience associated with real or perceived tissue injury.
Infants often exposed minor invasive procedures like
immunization and routine health checkup.*>** Children
definitely do not perceive pain the same way as adults,
as their emotional experience is differed than the other
age groups. Thus, assessment and management of pain is
always challenging to the healthcare workers.

Non-pharmacological management strategies, such as
breastfeeding, can provide analgesic effects on children.

146|  Journal of Caring Sciences. 2025;14(3)



Nonpharmacological pain relief for infant vaccination

Non pharmacological Inter Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean sD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.1.1 Duration of cry in minutes
Karakus, 2022 18.6 8.4 3| 221 1741 3\ TI% -0.26 [-0.73, 0.21] -T
Karaca 2016 5.6 16.2 34249 2058 3\ TI% -0.359 [-0.86, 0.08] =
Gajbhiye, 2018 26.3 53.3 a0 613 902 50 F2% -0.47 [-0.87,-0.07] -
Pandita, 2018 42 a1 29 135 140 32 TA% -0.78 [-1.30,-0.26] -
Kostandy, 2013 15 149 19 718 783 17 6.9% -1.00 [-1.70,-0.30] i
Erbul, 2017 205 16.2 85 451 1458 55 T2% -1.88 [-2.02,-1.16] -
Gupta, 2013 59.3 541 33 15983 484 33 0% -1.91 [-2.49,-1.37] -
Gad 2019 18.8 1841 40 881 265 40 6.9% -3.23[-3.90,-2.598] -
Gad,20149 11.8 6.7 40 881 265 40 6.8% -3.96 [-4.73,-3.19] -
Hatami, 2018 11.8 34 29 462 65 4 51% -0.43 [10.23,-6.62) ——
Subtotal (95% Cl) 361 362 68.7% -1.99[-2.82, -1.15] <
Heterageneity: Taw®=1.67, Chi®=1586.90, df= 5 (P = 0.00001}; F= 95%
Test far overall effect Z=4.67 (P = 0.00001)
2.1.2 Heart beats
Pandita, 2018 147.5 23 29 135 18 32 TA% 0.60[0.09,1.13] =
Rad, 2021 138 178 o 155 1T ;o FTA% -0.88 [-1.42,-0.36] -
Gad 2019 118 a 40 124 5 am FI% -0.88 [-1.35,-0.43] -
Gad,2014 118 T 40 136 g 0 0% -288[3.18,-1.98] -
Hatami, 2018 126.6 0.1 25158 27 25 29% 16181953, -1283] 4
Subtotal (95% Cl) 164 167 31.3% -2.75[-4.43, 1.07] e
Heterageneity: Tau®= 3.26, Chi®= 14276, df=4 (P = 0.00001); F= 97%
Testfor overall effect Z=3.21 (P=0001)
Total (95% Cl) 525 529 100.0% <

Heterageneity: Tau®=1.94; Chi®= 343584 df=14 (F = 0.00001); *= 96%
Test for overall effect Z= 461 (P = 0.00001)
Testfor subgroup diferences: Chif= 063, df=1(P=043), F=0%

-2.12 [-2.86, -1.38]

10 -5 0
Mon pharmacological inter Usual care

Figure 6. Forest Plot for nonpharmacological management

Table 2. Meta-regression

Effect size (meta_es) Coefficient Standard error z P> |z| [95% conf. interval]
Non- pharmacological -0.0474753
interventions 0.3525542 0.2041004 1.73 0.084 0.7525837
-4.887087
_cons -3.413996 0.751591 -4.54 0.000 1.940905

Test of residual homogeneity: Q_res=chi2 (22)=451.88 Prob>Q_res=0.000

Method: REML Random-effects meta-regression, Number of obs: 24, tau2 = 4.28, I (%)= 98.05, R-squared (%)=7.66, Wald chi2 (1)=2.98, Prob>Chi2: 0.008.

Present meta-analysis showed that infants in the
breastfeeding group experienced less pain (SMD: 3.28)
during vaccinations compared to the control group.
Therefore, breastfeeding acts as a natural analgesic
without any side effects on infants.** At present,
there are no established protocols for evaluating and
treating pain in children. Our research has shown that
administering a sucrose solution reduces an infant’s pain
(SMD 2.22) times compared to the control group.’s*
Therefore, it is necessary to determine the optimal dosage
and concentration of sucrose for different conditions
to effectively alleviate pain in children.*®* Beside this,
KMC is most useful for preterm and helps to improve the
emotional bond between the mother and child. Skin to
skin contact reduced pain perception of newborn during
and after minor invasive procedures.”® Our review found
that infants in KMC group reduced the pain (SMD: 1.1)
than control group. Similarly, heat and cold application,
massage and flip application act like analgesic effects.”
Compare to the other non-pharmacological interventions
breastfeeding is most efficient analgesics effects.””> When
compared between breastfeeding and sucrose solution,
breastfeeding group reduced the pain (SMD: 0.35),

similarly in KMC, breastfeeding reduced the (SMD: 0.16),
massage group (SMD: 0.55). Although, cold application
reduced the pain threshold (SMD: 1.94) than heat
application.”

In addition, non-pharmacological interventions impact
on the duration of cry and heart rates. Although these
components are usually included in pain assessment
scales.® It appears that the duration of cry was longer
in the control group compared to the intervention
group. Additionally, the heart rate was reduced in the
intervention group during and after vaccination.”

Primary studies of existing review employed different
pain assessment tools based on development age.
However, selection of appropriate pain assessment scale is
important that yield accurate information. Education and
regular skill training on pain management can positively
impact on children. Additionally, parents allowed to
involved in their child’s care and can promote a sense of
trust between the child and healthcare provider.**>”

This is the first systematic review and meta-analysis
that assesses the effectiveness of non-pharmacological
interventions in reducing intramuscular vaccination pain
among infants. The strengths of this review are that all
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Figure 7. Galbraith plots: explain the study-specific affect sizes, there
precisions, the overall affect size, and detecting potential outliers

the data retrieved from RCT's were published in reputable
journals. However, this review has some limitations.
Most of the RCT's did not report the time and duration of
interventions, and failed to report criteria for controlling
extraneous variables. Lastly, the authors did not state
the validity, reliability, sensitivity, and specificity of data
collection instruments in their studies.

Conclusion

Non-invasive therapies, such as breastfeeding, sucrose
solution, and skin-to-skin contact, have been found
to have analgesic effects among children. These
nonpharmacological interventions are safe and have
fewer side effects than pharmacological management.
The present study reviews that breastfeeding is the
most effective intervention for minor procedural pain
management.
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Figure 8. Begg's and Egger’s plots

What is the current knowledge?

e  Children are not miniatures of their adults;

o The threshold of pain perception, body response,
and behaviour patterns varied more in children
than adults.

o The appraisal of evidence concerning
the effectiveness of non-pharmacological
interventions on vaccine related pain in infants are
scarcely unexplored.

What is new here?

« Noninvasive therapies such as breastfeeding,
massage, sucrose, KMC, and hot and cold
applications were effective interventions in
reducing vaccination pain in infants;

o Studies have proved that nonpharmacological
interventions were acted as analgesics among
children with fewer side effects.
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