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Abstract Although the analgesic effect of sucrose on new-
borns is well established, little is known about whether these
solutions are effective in reducing procedural pain in infants
beyond the newborn period. The purpose of this study was to
determine the effect of sucrose solution given orally on infant
crying times and measure the distress in a 16–19-month age
group. A total of 537 healthy, 16–19-month-old infants at-
tending for their immunizations with intramuscular diphtheria,
tetanus, and acellular pertussis (DTaP)/Haemophilus influen-
za type b/IPV (along with oral polio vaccination (OPV)),
intramuscular pneumococcus and intramuscular hepatitis A
were randomized to receive 2mL of a 75% sucrose solution, a
25 % sucrose solution or sterile water 2 min before injections.
Infants receiving a 75 % sucrose solution had significantly
reduced total crying times and Children’s Hospital of Eastern
Ontario Pain Scale scores (CHEOPS) compared with infants
in the control and 25 % sucrose solution groups (p<0.001).
Conclusion: Sucrose solution reduces infant distress and is
safe and clinically useful even for 16–19-month-old infants.
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Abbreviations
CHEOPS Children’s Hospital of Eastern Ontario Pain Scale
DTaP Intramuscular diphtheria, tetanus, and acellular

pertussis
IPV Inactive polio vaccination
OPV Oral polio vaccination

Introduction

Immunizations are among the most unpleasant medical pro-
cedures for healthy infants and children, and are the most
common painful procedures of childhood. These procedures
are known to be painful can result in anxiety, distress, and fear
in children as well as their parents and the risk of longer-term
fears of needle pain, parental nonadherence with vaccination
administration, and avoidance of medical care [30, 32, 36].
The reduction of pain and distress during vaccinations has the
potential to minimize subsequent fears of needles, needle
phobia, noncompliance with scheduled immunizations, and
later avoidance of medical care [33].

The administration of sweet solutions is now widely rec-
ommended for routine use during painful procedures in neo-
nates [2, 3, 14, 31, 34]. Although the analgesic effect of
sucrose on newborns is well established, little is known about
whether these or other sweet tasting solutions effectively
reduce procedural pain in infants beyond the newborn period
[16, 19].

The aim of our study was to determine whether using 2 mL
of a 75 % sucrose or a 25 % sucrose solution decreases the
infant crying time and Children’s Hospital of Eastern Ontario
Pain Scale (CHEOPS) scores after immunization with intra-
muscular diphtheria, tetanus, and acellular pertussis (DTaP)/H
influenza type b/inactive polio vaccination (IPV) (along with
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oral polio vaccination (OPV)), pneumococcus and hepatitis A
in 16–19-month old infants.

Methods

A total of 694 healthy infants and children receiving their
regular vaccinations aged between 16 and 19 months attend-
ing the well-child unit of the Department of Pediatrics were
recruited and randomized for the study between June 2013
and June 2014. Overall, 537 infants were analyzed. These
infants were born at term, were of normal birth weight, were
otherwise healthy, and were required only routine well-child
care.

Permission to perform the study was obtained from the
ethics committee of the Dr. Sami Ulus Children andMaternity
Training Hospital. Families were approached by a research
assistant who explained the nature of the investigation and
obtained informed consent.

Sixteen to 19-month-old infants were then randomly
assigned to one of three treatment groups: (1) an experimental
(75 % sucrose solution), (2) an experimental (25 % sucrose
solution), or (3) a control (sterile water solution) group ac-
cording to the closed envelope technique. The water and
sucrose solutions were prepared in advance by a pharmacist.
Solutions were drawn from coded bottles and were adminis-
tered using a syringe. The nurse and parents were blinded to
the nature of the solutions used throughout the study. The
solutions were placed in coded oral syringes by the pharmacist
to ensure that parents, nurses, and investigators were blind to
the group assignments. Two minutes prior to the injection, the
control and experimental groups received orally 2 mL of
either the sterile water or the 25 % sucrose solution or the
75 % sucrose solution.

The infants’ ages and genders were recorded, and partici-
pating mothers were asked questions about their educational
and socioeconomic levels. The educational attainment was
classified as either “no formal schooling: illiterate,” “primary
education,” “secondary education,” or “university education.”
The socioeconomic level was classified according to monthly
household incomes and the official 2013 poverty thresholds of
the Turkish Statistical Institute (http://www.tuik.gov.tr). Any
previous painful experience was assessed by questioning
mothers (previous venipuncture, heel prick test, or neonatal
circumcision).

The mothers were seated with the infant or child in her
arms. The single nurse practitioner used her usual soothing
techniques (encouraging parents to cuddle the infant over one
shoulder while she employed a distracting, low pitched rat-
tling noise). The use of an infant pacifier or pretreatment with
paracetamol was specifically noted. All infants were awake at
the time of the procedure. The nurse administered all the test
solutions orally. Following the test solution administration,

which was given over a period of up to 15 s, OPV was given
orally, and intramuscular diphtheria, tetanus, and acellular
pertussis (DTaP), intramuscular Haemophilus influenza type
b/IPV (pentavalent (DPT+Hib+IPV)), intramuscular pneu-
mococcus, and intramuscular hepatitis A were administered
in the deltoid area of the right and left arms at the same time.
For infants who are vaccinated at one year of age, pneumo-
coccus vaccination was not administered. Thus, three or two
injections were given to all infants, and the entire procedure
was videotaped.

The primary study outcome, crying time, was defined as
crying from the moment of needle insertion until all crying
activity had ceased was recorded by the pediatrician. Acute
behavioral pain response was assessed by using the CHEOPS
as an objective scale [9, 23, 35]. The scale includes six
categories of pain behavior: cry, facial expression, verbal,
torso, touch, and legs. The CHEOPS forms were completed
by the same pediatrician. A score above 4 indicates pain; the
maximum score is 13. The principal investigator responsible
for recording the crying time and pain score was not present
during the interventions and was blinded to each subject’s
treatment.

Statistical analysis

Given the type 1 error (α) of 0.05, the sampling error of 0.05
and power of 90 % sample size was calculated as 383 (n=p . q
(Zα+Zβ)

2/d2) [21].
SPSS 16.0 for Windows (Chicago, IL, USA) was used for

statistical analysis. An analysis of variance (ANOVA) test was
used to investigate differences between means of more than
two groups, and the chi-square test was used to compare rates
of between two or more groups. Binary logistic regressions
were used to determine independent factors influencing de-
pendent two-categorical variables. Statistical significance was
set at p<0.05 .

Results

Six hundred ninety-four (n=694) infants were enrolled in this
study [20]. One hundred fifty-seven infants were withdrawn
after randomization. The remaining 537 infants were random-
ized to receive 2mL of a 75% sucrose solution, a 25% sucrose
solution or sterile water before three or two injections. Figure 1
shows the study flow diagram and the eligible patients.

Table 1 gives demographic and clinical details of how the
infants were distributed between the groups. A pacifier was
used with only five infants, and paracetamol was administered
to eight infants by the parent before immunization. Three
children had hemophilia. The administration of test solutions
was well tolerated by all infants, and there was no significant
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difference between the groups in age, weight, sex, previous
painful experience, vaccination time, of injection number,
pacifier use, and paracetamol administration.

Table 2 gives the crying times and CHEOPS scores record-
ed in the sucrose treatment groups compared with control
groups. Infants receiving 75 % sucrose solution showed sig-
nificantly reduced total crying times and significantly reduced
CHEOPS scores compared with the control and 25 % sucrose
solution group (p<0.001). There was a statistically significant
difference between the crying times of control and both inter-
vention groups (p<0.001) (Table 2). Both intervention groups
(25 vs. 75 % sucrose) were also significantly different from
each other (t=8.11, p<0.001). CHEOPS ratings were also
significantly different between the control and both

intervention groups (p<0.001) (Table 2). Both intervention
groups (25 vs. 75 % sucrose) were also significantly different
from each other (χ2=25.08, p<0.001).

In 275 (51 %) infants, pain scores were greater than the
cutoff value (CHEOPS score of 4). Binary logistic regression
analyses were performed to determine independent factors
associated with higher pain scores during vaccinations. CHE-
OPS scores ≤4 and >4 were used as the dependent variable.
The forward-likelihood ratio was used as a method. Age, sex,
body weight, maternal education, socioeconomic status, pre-
vious pain experience, number of injections, injection time,
and interventions were included in the analysis. For categor-
ical variables, the first category was taken as a reference
category. In decreasing order of significance, intervention,
socioeconomic status, sex, previous pain experience, and
body weight were determined as significant independent fac-
tors (p<0.05) (Table 3).

Discussion

In Turkey, the routine vaccination schedule includes multiple
injections at 16–19 months (DTaP/Haemophilus influenza
type B/IPV vaccine, pneumococcus, hepatitis A vaccines,
and oral polio vaccine). Before a child reaches 24 months of
age in Turkey, he or she should have received 21 injections.
The 2013 immunization schedule requires that infants and
toddlers receive as many as four injections at a single visit.
Parents often report withholding follow-up immunizations
from their infants because of their distress [21]. This contrib-
utes to reduced community compliance with the recommend-
ed schedules. Therefore, it is important to examine interven-
tions tominimize any pain associated during vaccines delivery
and to research the evidence for current clinical practice in
Turkey.

Eligible, consented and randomly 
assigned (n=537)

Excluded (n=157): Caregiver refused to 
par�cipate (n=79), not mee�ng inclusion 
criteria (n=78)

75% sucrose solu�on 
group (n=179)

25% sucrose solu�on group 
(n=179)

Control (sterile water) 
group (n=179)

Analyzed for: Crying �me & CHEOPS score

Children requiring vaccina�on 
(n=694)

Fig. 1 Study flow diagram

Table 1 Details of the infants randomized

Control group 25 % sucrose group 75 % sucrose group Statistics

Age (months) 17.63±0.74 17.68±0.65 17.63±0.81 F=0.25, p=0.78

Weight (kg) 11.50±0.53 11.51±0.50 11.44±0.48 F=1.001, p=0.37

Male 91 (50.8 %) 103 (57.5 %) 98 (54.7 %) Χ2=1.64, p=0.44

Maternal prim. education sec. 87 72 89 Χ2=3.88, p=0.14
92 107 90

Socioeconomic <US$1,000 status ≥US$1,000 121 120 111 Χ2=1.50, p=0.47
58 59 68

Previous pain experience 151 153 160 χ2=2.12, p=0.35

Vaccination time (seconds) 65.67±6.21 64.61±5.67 65.56±7.03 F=1.52, p=0.22

Number of injections (2 vs. 3) 64 vs. 115 59 vs. 120 66 vs. 113 χ2=0.64, p=0.73

Socioeconomic status: income per month

Vaccination time: the time period between beginning of first vaccination injection and the end of last vaccination injection

prim. primary education, sec. secondary (high school) education
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We showed that the administration of a 75 % sucrose
solution before immunization injections reduces infant crying
times by nearly 64 % in 16–19-month-old infants. We also
performed binary logistic regressions and determined inde-
pendent factors associated with higher pain scores during
vaccinations. The intervention type was determined as the
most significant independent factors (p<0.05). Although
some studies showed that the effect of sucrose is less pro-
nounced in infants as compared with newborns, some studies
reported that sucrose maintains some analgesic action until the
prepubertal age [4, 21, 24–26].

The mechanism underlying the analgesic effect of sweet-
tasting solutions is considered to involve an orally mediated
release of endogenous opioids [6]. This mechanism may work
the same way in children as it does in infants older than 1 year
of age. Although conflicting results between studies were
highlighted, the overall conclusions were that sucrose solu-
tions continued to reduce procedural pain in infants up to
12 months of age, although these effects appeared more
modest than in newborn infants [13, 15, 19].

The majority of studies were performed in newborn or
younger infants [14, 15, 34]. Allen and Dilli et al. had also
studied sucrose solution efficacy in our 16–19-month-old age
group. However, they used a 12 % sucrose solution in their
studies, which is less concentrated than used in our study [1,
11]. Although, Dilli et al. found a similar profound effect to
our study, using a 12 % sucrose solution, on crying time and
pain scores during immunizations, they did not find a signif-
icant effect. Both studies [1, 11] had potential sources of bias
due to their small sample sizes of subgroups of eligible chil-
dren [16]. Furthermore, data from the Allen et al. study were

restricted to measures of crying. Behavioral pain responses
can have other relevant features (e.g., heart rate and body
movements) [1]. Limiting the response measures to the dura-
tion of crying may have missed changes in other behavioral
pain-response dimensions.

In our study, the reduced effect of using the 25 % sucrose
solution when compared to the 75 % sucrose solution, sug-
gests a dose-related effect of sucrose in older infants. The
heightened behavioral pain responses observed in infants
receiving 25 % oral sucrose solution reflected greater pain
intensity compared with the infants who received 75 % oral
sucrose solution. This may be due to reduced sensitivity to
sugars as compared to the younger infants who have higher
sensitivity to sugars. Our results supported some studies
which established that the analgesic effect was dependent on
the most concentrated sweet taste. Similar to our study,
Ramenghi et al. found that babies receiving the most concen-
trated sucrose solution in each age group undergoing the same
injection cried for a shorter time as compared with the infants
receiving the placebo. But they studied 2–4-month old infants
[28].

In the present study, current evidence-based distraction
techniques as well as parental holding and comforting were
considered as standard care and were applied to study groups
and the control group [10, 11]. Both the control group and the
sucrose groups in our study were securely held in the mother’s
arms, while, in some studies, control group infants were
placed on an examination table for the injections [1, 30].
The lack of effect of sucrose during immunization reported
by Allen et al. may be attributed to the different techniques
used to hold the children [1]. The role of parents who held

Table 2 Total duration of crying time and CHEOPS scores for randomized infants

Control group 25 % sucrose group 75 % sucrose group Statistics

Crying time (s) 120±34.4 62.2±26 43.4±17.2 F=397.4, p<0.001

CHEOPS ≤4 27 95 140 χ2=145, p<0.001
CHEOPS >4 152 84 39

Crying time: the time period from the moment of needle insertion until all crying activity had ceased was recorded by the pediatrician

CHEOPS Children’s Hospital of Eastern Ontario Pain Scale

Table 3 Binary logistic regres-
sion to determine independent
factors influencing CHEOPS

B SE Wald df Significance Exp (B)

Sex (male vs. female) 0.587 0.212 7,658 1 0.006 1.798

Body weight 0.461 0.213 4,707 1 0.030 1.586

Socioeconomic status −0.705 0.229 9,454 1 0.002 0.494

Previous experience (none vs. yes) −0.965 0.329 8,593 1 0.003 0.381

Intervention (control) 110,984 2 0.000

Intervention (25 % sucrose) −1,864 0.267 48,682 1 0.000 0.155

Intervention (75 % sucrose) −3,001 0.285 110,488 1 0.000 0.050

Constant −2,768 2,428 1,299 1 0.254 0.063
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their infants securely during the painful procedure may have
resulted in a synergistic effect with sucrose, contributing to the
significant reduction in crying and pain scores compared to
those infants in the control group [22]. In the study by Reis EC
et al., it was not possible to determine whether oral sucrose
solution achieved the beneficial effect they observed [30]. The
denial of such practices was not thought to be ethical by us.
Therefore, wewere unable to separate the maternal effect from
the sugar effect in the infants we studied.

In our study, we have shown that previous pain experience
was a significant independent factor for higher CHEOPS pain
scores. Early painful experiences affect children’s future re-
sponse to analgesia. Weisman et al. found that inadequate
analgesia in young children during initial procedures dimin-
ished the effects of adequate analgesia during subsequent
procedures [37]. The plasticity of the developing brain and
the changes that occur in response to painful stimuli also
contribute to altered perceptions of pain later in life [12, 17].

Blass et al. concluded that, in the absence of a sucking
response, the calming effect of sucrose may be nonspecific;
that is, the analgesic effects may be more closely linked to a
feature common to water and sucrose rather than a feature
specific to sucrose [7, 8]. In our study, the solution was rapidly
administered into the infants’mouth as other studies [1, 4, 21].
The possibility that rapid absorption of sugars through the
buccal mucosa may be involved in this process [7, 27]. Some
researchers deliberately gave the solution for over 1 min onto
the anterior part of the tongue to best stimulate taste senses and
sucking actions [29]. One limitation of our study may be in
assessing pain response in infants. Recent evidence suggests
that multivariable instruments that include physiologic, be-
havioral, and contextual indicators yield composite pain
scores that are more predictive and valid measures of pain in
infants [5, 18]. We could not assess any changes in physio-
logical variables such as heart rate and oxygen saturation [28].
But, unlike other published studies, all immunizations were
given by the same nurse using her routine methods of soothing
for each infant, blinded to the solution they had received [16].

A potential disadvantage when our study results are intro-
duced into practice may be that parents can use too often the
intraoral sugars that are highly cariogenic substances, partic-
ularly in older infants. However, the volume of 2 mL (less
than half a teaspoonful) is comparable in volume and sugar
content to commonly administered syrups, including antibi-
otics and antipyretics. There is minimal risk to infant dentition
by the infrequent administration of sucrose in this fashion.

Sucrose, which is inexpensive and is easily adminis-
tered by individuals without professional training, may
be preferred and used during immunization in 16–19-
month-old infants. Additional future research can be
planned to determine sucrose solution use for pain pre-
vention during other procedures in ambulatory practice
sites and hospital settings, in this age group.
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