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Abstract

Background

Preterm infants have imperfect neurological development, uncoordinated sucking-swallow-
ing-breathing, which makes it difficult to realize effective oral feeding after birth. How to help
preterm infants achieve complete oral feeding as soon as possible has become an important
issue in the management of preterm infants. Non-nutritive sucking (NNS), as a useful oral
stimulation, can improve the effect of oral feeding in preterm infants. This review aimed to
explore the effect of NNS on oral feeding progression through a meta-analysis.

Methods

We systematically searched PubMed, CINHAL, Web of Science, Embase, Cochrane data-
bases, China’s National Knowledge Infrastructure (CNKI), Wanfang and VIP database from
inception to January 20, 2024. Search terms included 'non-nutritive sucking’ oral feeding’
and ’premature.’ Eligibility criteria involved randomized controlled studies in English or Chi-
nese. Studies were excluded if they were reviews, case reports, or observational studies
from which valid data could not be extracted or outcome indicators were poorly defined. The
meta-analysis will utilize Review Manager 5.3 software, employing either random-effects or
fixed-effects models based on observed heterogeneity. We calculated the mean difference
(MD) and 95% confidence interval (Cl) for continuous data, and estimated pooled odds
ratios (ORs) for dichotomous data. Sensitivity and publication bias analyses were conducted
to ensure robust and reliable findings. We evaluated the methodological quality of random-
ized controlled trials (RCTs) utilizing the assessment tool provided by the Cochrane
Collaboration.
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Results

A total of 23 randomized controlled trials with 1461 preterm infants were included. The
results of the meta-analysis showed that NNS significantly shortened time taken to achieve
exclusive oral feeding (MD = -5.37,95%ClI = -7.48 t0-3.26, p<0.001), length of hospital stay
(MD =-4.92, 95% Cl =-6.76 to -3.09, p<0.001), time to start oral feeding(MD =-1.41, 95%
Cl=-2.36t0-0.45, p=0.004), time to return to birth weight(MD =-1.72, 95% Cl = -2.54 to
-0.91, p<0.001). Compared to the NNS group, the control group had significant weight gain
in preterm infants, including weight of discharge (MD =-61.10, 95% CI =-94.97 t0 -27.23, p
=0.0004), weight at full oral feeding (MD =-86.21, 95% CIl = -134.37 to -38.05, p = 0.0005).
In addition, NNS reduced the incidence of feeding intolerance (OR =0.22, 95% Cl =0.14 to
0.35, p<0.001) in preterm infants.

Conclusion

NNS improves oral feeding outcomes in preterm infants and reduces the time to reach full
oral feeding and hospitalization length. However, this study was limited by the relatively
small sample size of included studies and did not account for potential confounding factors.
There was some heterogeneity and bias between studies. More studies are needed in the
future to validate the effects on weight gain and growth in preterm infants. Nevertheless, our
meta-analysis provides valuable insights, updating existing evidence on NNS for improving
oral feeding in preterm infants and promoting evidence-based feeding practices in this
population.

Introduction

Preterm birth, defined as delivery before 37 weeks of gestation, poses a significant global health
burden and is recognized as a primary risk factor for children mortality under the age of five
[1, 2]. Preterm birth is linked to a spectrum of adverse short- and long-term outcomes, includ-
ing compromised health and growth during infancy, intellectual and psychiatric disabilities
later in life, and an increased risk of chronic diseases developing at an earlier age [3]. The
implications of preterm birth extend beyond the initial period following birth and can have
lasting impacts on the individual’s overall well-being across their lifespan. Oral feeding and
swallowing problems in preterm infants are common medical problems in neonatal intensive
care units (NICUs) and families of preterm infant [4]. Preterm birth presents many challenges
to infants, including neurodevelopmental immaturity, physiological instability, and disturbed
behavioral states [5, 6]. Preterm infants are prone to oral feeding difficulties due to delayed
development of oral motor skills and poor suck-swallow-breathe coordination [5-7]. In addi-
tion, sucking and swallowing dysfunction in preterm infants affects the availability of nutrients
and may affect their growth, development and neurological function [8, 9]. The transition
from tube-feeding to full oral feeding is a huge challenge for infant caregivers [10]. Early diffi-
culties with oral feeding can affect the ability of preterm infants to achieve independent oral
feeding, prolong hospitalization, and cause long-term feeding problems such as malnutrition,
growth retardation, and cognitive deficits [5, 11, 12]. Therefore, providing optimal nutritional
feeding support for preterm infants, improving sucking and feeding behaviors in infants less
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than 30 weeks of age, and increasing the ability to feed independently through the mouth are
key to the early care and survival of preterm infants [13].

Non-nutritive sucking (NNS) and nutritive sucking (NS) serve as indices of an infant’s oral
motor skills and feeding behavior [14]. The Neonatal Oral-Motor Assessment Scale (NOMAS)
is an instrument utilized for appraising the oral motor abilities of infants [15]. By using the
NOMAS scale, healthcare professionals can identify potential oral motor problems in infants
and provide appropriate intervention and support. NNS refers to a pacifier is placed in an
infant’s mouth to increase sucking action, but there is no milk or other fluid intake [16]. NNS
creates an oral feeding experience and promotes self-organization and soothing. Oral feeding
not only necessitates the components of NNS but also requires suck-swallow-breathe coordi-
nation to manage a bolus for consumption [17]. Numerous studies have demonstrated that
NNS offers clinical advantages, such as enhancing feeding performance and reducing the dura-
tion of hospital stays, and accelerating the transition to oral feeding [18, 19]. Effective NNS
interventions not only decrease the incidence of adverse events like oxygen desaturation,
apnoea, and bradycardia but may also lessen long-term issues such as feeding or eating aver-
sion [20].

The meta-analysis by Schwartz et al. [21] in 1987 indicated that non-nutritive sucking
shortened the time to first bottle feed and reduced hospital stay duration. Both the systematic
reviews by Pinelli et al. [22] in 2005 and Barlow et al. [10] in 2008 concurred that NNS could
enhance feeding skills in preterm infants and reduce hospitalization time. Foster et al.’s [23]
meta-analysis in 2016 demonstrated significant effects of NNS on the transition from tube to
full oral feeding, from the start of oral feeding to full oral intake, and on hospital stay duration.
Despite a consensus reached by previously published meta-analyses on the promotion of feed-
ing performance in preterm infants through NNS, numerous randomized controlled trials
have been conducted in recent years. Therefore, we decided to carry out a more comprehen-
sive and systematic literature review and meta-analysis. The objective of our meta-analysis was
to examine the effects of implementing NNS versus no NNS on the initiation of oral feeding,
the attainment of full oral feeding, hospital stay duration, and weight progression in preterm
infants. This study aimed to synthesize existing evidence to provide an updated understanding
of the efficacy of NNS interventions in neonatal intensive care units (NICUs).

Materials and methods
Systematic search and strategy

The review protocol was developed using the Cochrane Handbook for Systematic Reviews of
Interventions. Our meta-analysis was conducted according to the preferred reporting items in
the guide of systematic review and meta-analysis (PRISMA) [24]. The PRISMA checklist is
presented in S1 Checklist. A comprehensive search was performed in MEDLINE (via
PubMed), CINHAL, Web of science, Embase, Cochrane Library, CNKI, VIP and Wanfang
databases to identify randomized controlled trials (RCT) from inception to January 20, 2024.
The following search terms were used:("Sucking Behavior" OR "Pacifiers" OR (non-nutritive
AND suck*) OR (non-nutritive sucking) OR (Non-nutritional sucking) OR pacifier OR
dummy OR soother OR nipple) AND ("Infant, Newborn" OR "Infant, Premature” OR new-
born OR neonate OR neonatal OR premature OR (very low birth weight) VLBW OR (low
birth weight) LBW OR (extremely low birth weight) ELBW) AND (randomized controlled
trial OR controlled clinical trial OR RCT). Detailed search strategies for each database are
shown in S1 Table. Only research involving human beings is included in the selection. More-
over, language limitations are English or Chinese. Our meta-analysis was registered with the
PROSPERO database (CRD42023457646).
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Inclusion and exclusion criteria

Studies included in this systematic review and meta-analysis must meet the following inclusion
criteria: O Preterm infants with gestational age < 37 weeks and birth weight < 2500g; @ Ran-
domized controlled studies; ® The language is published in Chinese or English; @Preterm
infants in the intervention group received NNS (The intervention can occur before, during or
after gavage feeding. NNS involving the use of a pacifier or nipple.) and preterm infants in the
control group were implemented on routine feeding. ® At least one of the parameters was
included in the outcome measures: Time taken to achieve exclusive oral feeding, Length of
hospital stay, Time to start oral feeding, Weight of discharge, Weight at full oral feeding, Time
to return to birth weight, Gastrointestinal complications. Time taken to achieve exclusive oral
feeding was defined as when the infant ingests all nutrient volumes in a 24hour period without
any gavage [25]. Length of hospitalization is described as the number of days from admission
to hospital discharge [26]. Time to start oral feeding is defined as transition from gavage feed-
ing to oral feeding, measured in days [27]. Weight of discharge is described as infant’s weight
on discharge from hospital, measured in grams [28]. Weight at full oral feeding is described as
infant’s weight at full oral intake, measured in grams [29]. Time to return to birth weight is
described as the time it takes for a newborn to lose weight after birth and then gradually return
to its birth weight, measured in days [30]. Feeding intolerance (FI) is a disorder of milk diges-
tion after enteral feeding, resulting in abdominal distension, vomiting and gastric retention
[27], and the diagnostic criteria are based on the Clinical Guidelines on Feeding Intolerance in
Preterm Infants [31], with the incidence rate of FI serving as the unit of measurement.

Any study that met the exclusion criteria was excluded from the systematic review and
meta-analysis: D Reviews, case reports, observational studies or animal trials. @ Full text was
unavailable ® Studies with insufficient information for extraction data @ Unclear or inappro-
priate definition of exposure/results ® NNS was implemented in the control group.

Data extraction

Two researchers (ZSL and JHM) screened through the literature independently and completed
the extraction of data. If there is a disagreement, a third researcher (MYQ) should be called in
to adjudicate. Initial screening was done first by reading the title and abstract, followed by
selecting the final compliant literature by reading the full text. The extracted information
includes the following aspects: first author’s name, year of publication, country, sample size,
details of the intervention, and the data of outcome indicators. If the units of the outcome indi-
cators in the study are inconsistent, they should be converted to harmonized units prior to
subsequent processing.

Methodological quality assessment

We assessed the methodological quality of RCT's using the Cochrane risk of bias tool [32],
which included seven evaluation items: sequence generation, allocation concealment, blinding
of participants, outcome evaluator, incomplete outcome data, and selective outcome reporting.
The studies were evaluated for unclear, low or high risk of bias. In addition, we entered the
assessment data into Cochrane Review Manager software (Revman version 5.3, Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration, Denmark) to obtain a risk of bias
assessment table. This was done independently by two assessors (LWW and LYN), and when
disagreements arose, they were resolved in consultation with a third researcher (ZSL)until
agreement was reached.
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Data synthesis and analysis

The data was analyzed by Review Manager 5.3 software. The mean difference (MD) and confi-
dence interval (CI) of 95% were calculated for continuous data, while the pooled odds ratios
(ORs) and confidence interval (CI) of 95% were estimated for dichotomous data. Heterogene-
ity was assessed by using I” statistics. Random-effects models were employed in instances
where there was substantial heterogeneity among the studies (I* > 50%), whereas fixed-effects
models were utilized when the heterogeneity was low (I* <50%) [33]. Sensitivity analysis was
conducted by changing the analytical model, i.e., selecting the opposite model according to the
original analytical model and conducting the combined analysis of effect sizes again. If the
results of the two models were consistent, it indicated that the sensitivity was lower, suggesting
that the results of the meta-analysis were stable, and vice versa, suggesting that the sensitivity
was higher and the results of the meta-analysis were unstable. After individual studies were
sequentially excluded, the data were reanalyzed and sensitivity analyses were performed by
comparing the excluded results with the original results. Subgroup analyses were used when
necessary to address heterogeneity. Funnel plot was performed to evaluate publication bias.

p < 0.05 was considered to be statistically significant.

Results
Search results

The initial search yielded 3238 potentially eligible records for eight databases: PubMed
(n=367), EMBASE (n = 339), CINAHL (n = 169), Web of Science (n = 177), Cochrane
Library (n = 671), CNKI (n = 349), Wanfang database (n = 708) VIP (n = 458). Following the
removal of 1385 duplicate records, a total of 1,853 unique records were assessed. Based on title
and abstract screening, 72 studies were selected for full-text review. At this stage, 44 studies
were excluded due to various reasons: being reviews, case reports, conference abstracts, animal
trials (n = 30), absence of full text (n = 3), or having unclear or inadequate outcome definitions
(n = 11). Twenty—eight studies [19, 26-30, 34-55] were identified for inclusion in the system-
atic review (qualitative synthesis). Four studies [51-54] did not meet our inclusion criteria
because the control preterm infants underwent breast or pacifier NNS; data could not be
extracted from one additional study [55], so only 23 studies were included in the meta-analy-
sis. The PRISMA flow diagram in Fig 1 shows the study selection process.

Table 1 shows the detailed characteristics of the included literature. These articles included
were published from 1982 to 2023. Ten studies [26, 27, 34-41] were conducted in China, three
studies [42-44] in the United States, three studies [45-47] in Iran, five studies [28, 30, 48-50]
in Turkey, and one each in Canada [29] and Brazil [19]. Figs 2 and 3 depict the risk-of-bias
assessment in minute detail. Only six studies [19, 26, 45-47, 50] showed a low risk of bias, and
seventeen studies [27-30, 34-44, 48, 49] showed a higher risk of bias. Because it is difficult to
implement double-blinding for NNS implementation, only six [19, 26, 45-47, 50] of the
included papers were better blinded.

Meta analysis results
Primary outcomes

Time taken to achieve exclusive oral feeding. Time taken to achieve exclusive oral feed-
ing(days) was included as an outcome between the two groups in fifteen studies [19, 26-30, 34,
35, 39, 42, 44-48] that involved 942 premature infants. We observed that the time to transition
to full oral feeding in the NNS group was significantly shorter compared to the control group
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https://doi.org/10.1371/journal.pone.0302267.9001

(MD =-5.37,95%CI = -7.48 to -3.26, p<<0.001) (Fig 4). Heterogeneity between studies was high
(= 93%, p < 0.001), so a random-effect model was used.

Length of hospital stay. Seventeen studies [19, 27-30, 34, 36, 37, 39, 42-49] involving
1006 premature infants examined the effect of NNS on length of hospital stay and contributed
data to the meta-analysis. Meta-analysis showed a statistically significant shorter length of hos-
pital stay for infants in the NNS compared to the control infants (MD = - 4.92, 95% CI = -6.76
to -3.09, p<0.001). Significant heterogeneity existed among these studies (I* = 83%, p<0.001).
Subgroup analyses was performed based on gestational age of preterm infants (Fig 5). Hetero-
geneity was significantly reduced in preterm infants with gestational age >33 weeks (I” = 0%,
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Table 1. Characteristics of the included studies.

Study Year | Country Number Intervention Outcomes
NNS | Control NNS group Control group
Shaki [45] 2022 | Iran 50 50 Sucking on a pacifier 3 times/day followed by gavage for ten routine ward care (0lele]
days of intervention.
Ostadi [46] 2021 | Iran. 15 15 provided with NNS twice a day, for 10 days during two not provided with any (Olele]
consecutive weeks intervention
Say [30] 2018 | Turkey | 45 45 Use the pacifiers for 15 minutes before and after feeding, 4 not provided with any OOO®OEO®
times/day. intervention
Fucile [29] 2018 | Canada | 16 15 The intervention was a 15-minute program consisting of 5 15 minutes of pseudo- [0]R]6]
minutes of preparatory oral stimulation of the cheeks and lips, intervention
5 minutes of tongue exercises, and 5 minutes of NNS. 1x/day
for 10 days.
Kaya [49] 2017 | Turkey | 34 36 Sucking 3 times a day to soothe Not using pacifiers @e®G
Asadollahpour | 2015 | Iran 11 11 NNS 3 times/day for 15 minutes each time. Place little finger pseudo-intervention OO®
[47] in infant’s mouth and stroke palate for 5 min/times to elicit
sucking.
Zhang [34] 2014 | China | 25 27 Suck on the pacifier 7-8 times/day for 5 minutes. not provided with any (0]6l6]6)
intervention
Yildiz [48] 2012 | Turkey | 30 30 3x/day sucking on a pacifier until oral feeding is initiated Routine gavage feeding without OO®
NNS
Rocha [19] 2007 | Brazil | 49 49 NNS 15min/dose for 10 days until oral feeding is initiated 15 minutes of pseudo- OOO®G
intervention
Lau [42] 2012 | USA 25 23 NNS, 15 minutes/day, 5 days per week. Routine feeding care (0]0]6]0)
Field [43] 1982 | USA 30 27 infants in the treatment group were given a Control infants were tube-fed @6
pacifier during all tube feedings. only until oral feeding
Bernbaum [44] | 1983 | USA 15 15 Infants in the intervention group were given rubber nipples Control infants were tube-fed [0]&)
for NNS during the entire feeding process only until oral feeding
Xu [27] 2022 | China | 57 57 Breast milk olfactory stimulation combined with NNS. Routine feeding care (Olele]
®0
Feng [35] 2022 | China | 44 46 Early swallowing function training combined with NNS Routine feeding care 0]©]V]
Ling [36] 2008 | China | 26 21 NNS was given before each nasogastric tube feeding and No NNS @G0
sucked for 10min every 2-3h/time.
Zhang [37] 2003 = China 22 21 NNS every 3h with 10min sucking for 2 weeks. No NNS [@]O]6]
Yue [38] 2003 | China 18 20 Preterm infants were given a non-porous rubber nipple to No NNS [©I6]w)
suck for 5 min before, during and after each nasogastric tube
feeding for 2 weeks.
Ma [39] 2019 | China 43 43 NNS was given for 5 min before each feeding until the preterm No NNS [0]0)
infant was able to complete 8 sucks/d for 3 h/suck for 7 d of
continuous intervention.
Jiang [40] 2009 | China | 50 48 Preterm infants were given a non-porous rubber nipple to Routine gavage feeding without @O0
suck for 5 min before, during and after each feeding, 7-8 NNS
times/24h, for a period of 1 week.
Kang [41] 2009 | China | 36 36 Sucking on a non-porous rubber nipple for 10 min before each | Routine gavage feeding without @0
feeding, 8 times/d. NNS
Lyu [26] 2014 | China | 32 31 Implemented an oral stimulation program consisting of 12 | Routine feeding care in the NICU | @@®®®
minutes of oral stimulation and 3 minutes of NNS.
administered 15-30 minutes before feeding, once a day.
Berber Ciftci | 2024 | Turkey | 47 47 NNS was continued until discharge for 5 days a week, once Routine feeding care @®
[50] a day, until transition from tube feeding to full oral feeding.
Calik [28] 2019 | Turkey | 14 14 Using a pacifier, each feeding lasts about 10 minutes and not given the pacifiers OO®
continues until complete oral feeding.
Li [51] 2023 | China | 74 74 Non-nutritive breast sucking once a day, 5 min each time, and | ~ Suck pacifier for 5 min before ©)
sucking pacifier for 5 min before each tube feeding. each tube feeding
John [52] 2019 | India 4 5 standard care and suckle on the mother’s emptied breast for 5 Use fingers for NNS Q®
to 10 minutes 3 times a day
(Continued)
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Table 1. (Continued)

Study Year | Country Number Intervention Outcomes
NNS | Control NNS group Control group
Khodagholi [53] | 2018 | Iran 16 16 NNS paired with olfactory stimuli was administered during NNS was administered as in the ®@®
the initial 5 minutes of each gavage feeding, thrice daily for 10 | intervention group with untreated
days cotton pads
Fucile [54] 2021 | Canada | 16 17 Empty Breast Group NNS, once a day for 15 min For the NNS on a pacifier OOe®G

Group, once a day for 15 min

Kamhawy [55] | 2014 | Egypt 23 24 Placed pacifiers in preterm infants’ mouths for 15 minutes of Not using pacifiers ®®
NNS around feeding times, NNS for four consecutive feedings
per day for the total of 10 continuous days.

Note: NNS: Non-nutritive sucking
(®Time taken to achieve exclusive oral feeding(days) @Length of hospital stay(days) ®Time to start oral feeding(days) @Body weight of discharge(g) ®Weight at full
oral feeding (g) ® Time to return to birth weight(days) @ Feeding intolerance

https://doi.org/10.1371/journal.pone.0302267.t001

p = 0.94), and statistical differences between the NNS and control groups remained after
grouping.

Time to start oral feeding. Fourteen studies [19, 27, 34-38, 40-43, 45, 46, 49] involving
957 premature infants included time to start oral feeding as an outcome. Compared to the con-
trol group, we found a statistically significant reduction in transition from gavage to start oral
feeding in the NNS group (MD = -1.41, 95% CI = -2.36 to -0.45, p = 0.004) (Fig 6), and there
was greater heterogeneity (I = 59%, p = 0.003). Heterogeneity was reduced after one article
[42] was removed from the sensitivity analysis (I” = 40%, p = 0.07).

The secondary outcomes

Weight of discharge. Ten studies [19, 26-28, 30, 42, 47-50] including 687 patients were
included to assess weight of discharge. The result of random-effect model demonstrated that
there was not a significant difference in weight at discharge between the two groups (MD =
-22.61,95% CI = -84.92 to -39.69, p = 0.48). Heterogeneity was significantly reduced after
excluding two articles [28, 47] from the sensitivity analysis (I* = 0%, p = 0.45). This adjustment
revealed a statistically significant difference between the two groups (MD = -61.10, 95% CI =
-94.97 to -27.23, p = 0.004) (Fig 7).

Time to return to birth weight. Time to return to birth weight was included as an out-
come between the two groups in seven studies [26, 30, 36-38, 40, 41] that involved 451 infants.
Compared to the control group, preterm infants in the NNS group had a shorter time to return
to birth weight (MD = -1.72, 95% CI = -2.54 to -0.91, p<0.001) (Fig 8). Significant heterogene-
ity existed among these studies (I* = 51%, p = 0.06), so the random-effect model was used.

Weight at full oral feeding. Six studies [19, 26, 29, 34, 49, 50] involving 408 premature
infants reported the weight at full oral feeding as an outcome. The meta-analysis revealed a sta-
tistically significant difference between the two groups, with preterm infants in the NNS group
exhibiting reduced weight as compared to control group (MD = -86.21, 95% CI = -134.37 to
-38.05, p = 0.0005) (Fig 9). There was no significant heterogeneity between these studies (I* =
0%, p = 0.87), so a fixed-effects model was used.

Feeding intolerance. Seven studies [27, 30, 35, 36, 38, 40, 41] involving 549 premature
infants reported the feeding intolerance as an outcome. According to our meta-analysis, feed-
ing intolerance in preterm infants were significantly less in the NNS group than in the control
group(OR = 0.22, 95% CI = 0.14 to 0.35, p<<0.001) (Fig 10). There was no significant heteroge-
neity between these studies (I* = 0%, p = 0.86), so a fixed-effects model was used.
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Fig 2. Risk of bias graph about each risk of bias item presented as percentages across all included studies.

https://doi.org/10.1371/journal.pone.0302267.9002
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Fig 3. Summary of risk of bias for each trial.

https://doi.org/10.1371/journal.pone.0302267.9003

Sensitivity analysis and publication bias

Sensitivity analysis by converting the effect sizes of the fixed-effects model and the random-
effects model to each other revealed that the differences in the combined effect sizes of the two
were small, indicating that the results of the meta-analysis were generally stable (Table 2). In
addition, the source of heterogeneity was further explored using a study-by-study approach to
exclude individual studies. We drew funnel plots for the indicators of the number of 10 or
more articles included in the literature and evaluated the publication bias. The results showed
that the funnel plots were all largely symmetrical, with no obvious publication bias (S1 Fig).

Discussion

Recent investigations have demonstrated that NNS not only enables nasogastric tube-fed pre-
term infants to transition to oral feeding as soon as possible, but also has a significant effect on
both behavioral patterns and growth and development of preterm infants [53, 56]. Antecedent
study has identified the advantages of NNS in improving sucking skills, shortening transition
to full breastfeeding, and time to hospital discharge in preterm infants [49]. It has also been
shown that the use of pacifiers can negatively affect the health of infants and lead to nipple con-
fusion [57]. At the same time, NNS provided by a pacifier might elicit different physiological,
pharyngeal, and esophageal motility events, potentially affecting gastroesophageal reflux [58].

Favors NNS Favors control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD_Total Weight IV, Random. 95% CI IV, Random, 95% CI
Asadollahpour2015  16.72 894 11 2427 942 1 40% -7.55[-15.22,0.12) R
Bernbaum 1983 104 21 15 161 5.1 15 75%  -570[-8.49,-291] S
Calik 2019 542 041 14 1621 1.71 14 8.4% -10.79[-11.71,-9.87] =
Feng 2022 2618 9.94 44 3087 1092 46 63% -4.69(-9.00,-0.38) —w
Fucile 2018 107 21 16 193 36 15  7.9% -8.60[-10.69,-6.51] =%
Lau 2012 189 1.7 25 208 19 23 84%  -1.90[-2.92,-0.88) -
Lyu 2014 956 4.43 32 1319 6.18 31 75%  -3.63[-6.29,-0.97) I
Ma 2019 1208 21 43 177 23 43  84%  -5.61[6.54,-4.68) =
Ostadi 2021 86 71 13 124 62 13 57% -3.80(-8.92,1.32] = = |
Rocha 2007 385 16.4 49 472 177 49 46% -8.70[15.46,-1.94] — -
Say 2018 381 20 45 491 22 45  35% -11.00(-19.69,-231) ¥
Shaki 2022 2254 754 50 2586 7.93 50 7.3% -3.32[6.35,-0.29 I
Xu 2022 15 519 57 17 444 57  81%  -2.00[-3.77,-0.23] -
Yildiz 2012 7.68 3.26 30 1168 7.29 30 7.4% -4.00[-6.86,-1.14] e
Zhang 2014 27 105 25 30 118 27 5.0% -3.00 [-9.08, 3.08) L
Total (95% Cl) 469 469 100.0%  -5.37[-7.48,-3.26] -
Heterogeneity: Tau® = 13.52; Chi*= 203.60, df= 14 (P < 0.00001); F= 93% 5 = 0 &

Test for overall effect: Z= 4.99 (P < 0.00001) Favors NNS Favors control

Fig 4. Forest plot for time taken to achieve exclusive oral feeding.

https://doi.org/10.1371/journal.pone.0302267.g004
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Fig 5. Forest plot for length of hospital stay.
https://doi.org/10.1371/journal.pone.0302267.9005

Therefore, the present study conducted a more comprehensive and systematic meta-analysis
aimed at investigating the impact of NNS on the effectiveness of oral feeding in preterm
infants. Infants in the NNS group demonstrated a significantly reduced duration necessary to
achieve exclusive oral feeding, a shorter length of hospital stay, an earlier commencement of
oral feeding, and a quicker recovery to birth weight when compared to the control group. Pre-
term infants in the NNS group weighted less at hospital discharge and at full oral feeding. In
addition, this review demonstrated that NNS reduced the incidence of feeding intolerance in
preterm infants.

First of all, our meta-analysis found that the premature infants in NNS group had signifi-
cantly shorter time taken to reach exclusive oral feeding and time to start oral feeding than
those in the control group, which was consistent with the Cochrane analysis of Foster et al.
[23]. Preterm infant perioral and oral receptors are highly sensitive to stimulation, mechanical
stimulation of the lips or tongue can cause a non-specific reflex in the orbicularis oris muscle,

Favors NNS Favors control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random. 95% Cl IV, Random, 95% CI
Feng 2022 1281 363 44 1478 471 46 10.8% -1.97[3.70,-0.24) il
Field 1982 26 21 30 29 18 27 08% -3.00[-13.13,713)
Jiang 2009 5.1 23 50 66 25 48 145% -1.50[-2.45,-0.59) e
Kang 2008 123 4.1 36 156 45 36 97% -3.30[5.29,-1.31) T
Kaya 2017 1256 4.63 34 1494 1041 36  47% -2.38[6.12,1.36) = |
Lau 2012 444 49 25 417 36 23 81% 2.70(0.28,5.12) —
Ling 2008 13 9 26 20 12 21 21% -7.00(-13.19,-0.81] -
Ostadi 2021 321 13 13 327 1.4 13 141%  -0.60[-1.64,044) =%
Rocha 2007 323 154 49 405 163 49  20% -8.20(14.48,-192) —
Shaki 2022 1252 452 50 1314 517 50 101% -0.62[-2.52,1.28) T
Xu 2022 15 10.37 57 14 10.37 57  46% 1.00[-2.81, 4.81] =TE -
Yue 2003 13 10 18 17 12 20 1.7% -4.00[-11.00,3.00 - 1
Zhang 2003 1423 219 22 1643 146 21 138% -2.20(-3.31,-1.09 -
Zhang 2014 17 10 25 155 78 27 31% 1.50 [-3.40, 6.40] ==—E=—
Total (95% Cl) 479 474 100.0% -1.41[-2.36,-0.45] <
Heterogeneity: Tau® = 1.40; Chi*= 31.33, df= 13 (P = 0.003); "= 5%  PIR R

Test for overall effect: Z= 2.89 (P = 0.004) Favors NNS Favors control

Fig 6. Forest plot for time to start oral feeding.
https://doi.org/10.1371/journal.pone.0302267.g006
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Fig 7. Forest plot for weight of discharge.
https://doi.org/10.1371/journal.pone.0302267.g007

thus initiating sucking behavior [59]. The sensory experience generated by NNS can trigger
sucking in preterm infants through the input-feedback mechanism of the central pattern gen-
erator (CPG), prompting an increase in the number of active sucks, a faster rate of sucking, an
increase in the negative pressure of sucking, and a shortening of the stopping time, thus pro-
moting the maturation of the sucking reflex [59]. In addition, NNS motor training of preterm
infants’ oral muscles promotes the coordination of sucking, swallowing, and respiration, thus
accelerating the transition from tube-feeding to transoral feeding [56]. The meta-analysis by
Tolppola et al. [60] in 2022 was also in agreement with our findings, confirming the reduction
in time from gavage to total mouth feeding in preterm infants in the NNS group, and suggest-
ing that the use of NNS in hospitalized preterm infants is beneficial and should be carried out
in clinical practice.

Adequate nutrition increases the rate of development of premature infant bodies, leading to
shorter hospital stays. Consistent with the results of a previous meta-analysis [10, 21, 22], our
study demonstrates that NNS significantly reduces the length of hospitalization for preterm
infants. Say et al. [30], Kaya et al. [49] and Shaki et al. [45] studies also showed that preterm
infants in the NNS group were discharged earlier, and these results are consistent with the
present study. Analyzing the reasons, this may be related to the fact that NNS not only pro-
motes the maturation of sucking reflex in preterm infants and shortens the time from tube
feeding to complete oral feeding [61], but also prompts hepatic, biliary and pancreatic activities
through the vagus nerve, regulates gastrointestinal peptide levels, and stimulates gastrointesti-
nal growth and development and maturation, which in turn improves feeding tolerance in pre-
term infants and shortens the length of hospital stay [37]. Clinical experience has
demonstrated that the length of hospitalization of preterm infants is largely dependent on the
time taken to achieve complete oral feeding. However, the reality is that when a preterm infant
is discharged from the NICU after a stay in the NICU is related to a number of complex fac-
tors, such as: stable weight gain, mature and stable cardiorespiratory function as well as assess-
ment of nutritional risk, neurodevelopmental and neurobehavioral assessments, and more

NNS Control Mean Difference Mean Difference
Study or Subgrouy Mean _SD Total Mean SD Total Weight IV, Random,95% Cl IV, Random, 95% CI
Jiang 2009 129 27 50 16 33 48 184% -3.10[4.30,-1.90) — "
Kang 2009 92 24 36 115 35 36 16.2% -2.30[-3.69,-0.91]
Ling 2008 89 372 26 914 256 21 122% -0.24[-2.04,1.56) - & -
Lyu 2014 1361 504 32 1387 429 31 88% -0.26[-2.57, 2.05) N —
Say 2018 1.7 4 45 138 56 45 106% -2.10[4.11,-0.09) — e |
Yue 2003 88 37 18 111 3 20 97% -230(4.46,-014 —
Zhang 2003 876 083 22 994 156 21 242% -1.18[-1.93,-0.43] -
Total (95% CI) 229 222 100.0% -1.72[-2.54,-0.91] -
Heterogeneity: Tau®= 0.56; Chi*=12.27, df= 6 (P = 0.06); F= 51% " > 3 3 :
Test for overall effect: Z= 4.16 (P < 0.0001) NNS control

Fig 8. Forest plot for time to return to birth weight.
https://doi.org/10.1371/journal.pone.0302267.g008
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Fig 9. Forest plot for weight at full oral feeding.
https://doi.org/10.1371/journal.pone.0302267.9009

[62]. It is also important to ensure that the family and community health care system is ade-
quately prepared to care for the infant safely outside of the hospital after discharge.

Our study showed that preterm infants in the NNS group had lower body weights at hospi-
tal discharge compared to the control group, a finding that is consistent with the findings of
Lyu et al. [26] and different from those of Asadollahpour et al. [47] and Calik et al. [28]. The
difference in discharge weight between the different studies in preterm infants may be related
to the baseline weight of the study. The improvement in weight of preterm infants at discharge
by NNS may also be related to the following factors: NNS can stimulate the vagus nerve excita-
tion in the oral cavity of preterm infants, and then stimulate the secretion of gastric motility
and gastrin, regulate gastrointestinal motility, promote the development of gastrointestinal
function, so that preterm infants eat more [63], but also cause vagus nerve excitation, acceler-
ate the digestion and absorption of nutrients, and promote the growth of physical development
[61]. In addition, NNS training can stimulate the orofacial and lingual muscles of preterm
infants, improve the strength of oropharyngeal muscles, improve the function of swallowing
reflexes, enhance the sucking ability of children, shorten the time of feeding through the
mouth, and promote weight gain [64].Other studies [27, 30, 49] have also found that preterm
infants in the NNS and control groups had similar weight measurements at discharge, and the
difference was not statistically significant, but it does not indicate that NNS does not promote
body mass growth in preterm infants. This is because there are many other factors involved in
the weight gain and growth of preterm infants. The variability in the effect of NNS on dis-
charge weight of preterm infants between studies may be related to the different methods of
intervention, and there are differences in the timing as well as duration of NNS use that can
affect the effectiveness of the intervention, so this result should be interpreted with caution.

Successful oral feeding has been defined as the ability of preterm infants to complete the
prescribed amount of milk and gain the expected weight. However, our study found that the
mean weight of preterm infants in the NNS group was lower than that of the control group at
the time of achieving independent oral feeding, which is consistent with the findings of Lyu

Favors NNS  Favors control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Feng 2022 2 44 10 46 10.3%  0.17(0.04,0.83)
Jiang 2009 9 50 21 48 19.4% 0.28(0.11,0.71] —
Kang 2009 12 36 28 36 207%  0.14[0.05,041] =
Ling 2008 10 26 14 21 105%  0.31(0.09,1.04] — = |
Say 2018 6 45 21 45 201%  0.18[0.06,0.50] - —
Xu 2022 4 57 9 57 9.3% 0.40[0.12,1.39] R
Yue 2003 3 18 1" 20 96%  0.16(0.04,0.75) I —
Total (95% CI) 276 273 100.0%  0.22[0.14,0.35] <>
Total events 46 114
Heterogeneity: Chi*= 2.58, df = 6 (P = 0.86); F= 0% 0 01 041 1:0 100:

Test for overall effect Z=6.73 (P < 0.00001) Favors NNS Favors control

Fig 10. Forest plot for feeding intolerance.

https://doi.org/10.1371/journal.pone.0302267.g010
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Table 2. Results of sensitivity analysis.

Outcome indicator Fixed effect model OR(95%CI) |random effect model OR(95%CI)
Time taken to achieve exclusive oral feeding -5.91 (-4.73, -3.64) -5.37 (-7.48, -3.26)
Length of hospital stay -4.90 (-5.49, -4.32) -4.92 (-6.76, -3.09)
Time to start oral feeding -1.39 (-1.88, -0.90) -1.41 (-2.36, -0.45)
Weight of discharge -61.10 (-94.97, -27.23) -61.10 (-94.97, -27.23)
Weight at full oral feeding -86.21 (-134.37, -38.05) -86.21(-134.37, -38.05)
Time to return to birth weight -1.67 (-2.17,-1.17) -1.72 (-2.54, -0.91)
Feeding intolerance 0.22 (0.14, 0.35) 0.22 (0.14, 0.35)

https://doi.org/10.1371/journal.pone.0302267.t1002

etal. [26]. In contrast, the findings of Rocha et al. [19] found that NNS had no significant effect
on the weight of preterm infants at the time of independent mouth-feeding. The study by
Rocha et al. [19] documented the average weekly weight gain, whereas most of the studies that
we included measured the rate of weight gain over the entire period of hospitalization. Differ-
ent measurements can affect the results of the study, in addition to the fact that the weight of
preterm infants is influenced by other factors. The maximum degree of physiologic weight loss
and the time to regain birth weight reflect nutrient availability and physical development. In
our study, we found that the difference in time to regain birth weight between the two groups
of preterm infants was statistically significant, which is consistent with the results of Zhang
etal. [37] and Yue et al. [38]. NNS accelerates the maturation of the sucking reflex in preterm
infants, improves the ability to suck, and facilitates oral gratification, which leads to an increase
in the amount of milk ingested by the infants. In addition, the pituitary gland increased the
secretion of various hormones, especially growth hormone secretion reached the highest level,
which is conducive to the growth and development of preterm infants [65]. Hwang et al. [66]
concluded that NNS can modulate pre-feeding behavior in preterm infants, increase feeding
efficiency during the first 5 min of feeding, and help infants regulate pre-feeding agitation.

In the present study, the incidence of feeding intolerance in preterm infants in the NNS
group was significantly less than those in the control group, which is consistent with the find-
ings of Say et al. [30] and Feng et al. [35]. The possible explanation for this is that NNS helps to
establish rhythmic sucking and swallowing patterns in preterm infants, promotes gastrointesti-
nal growth and development and the maturity of gastrointestinal function, and reduces feed-
ing intolerance and gastrointestinal complications by stimulating the sensory nerve fibers in
the oral cavity and stimulating the G-cells to release gastric motility, gastrin, and gastric acid
secretion [67].

This review conducted an extensive literature search to refine the evidence base supporting
the use of NNS to improve oral feeding outcomes in preterm infants and to promote evidence-
based feeding practices. The findings of this study underscore the benefits of NNS for oral
feeding in preterm infants, which can inform the development of structured oral feeding pro-
grams in NICUs. Such programs have the potential to provide preterm infants with positive
early feeding experiences, thereby enhancing their overall care and development. Moving for-
ward, there is a need for large-scale multicenter randomized controlled trials to further investi-
gate the efficacy of NNS in improving oral feeding in preterm infants, and to assist in the
development of individualized feeding patterns and evidence-based clinical guidelines for oral
feeding in preterm infants.

Nonetheless, this study has several limitations that must be acknowledged. First, although
we conducted a relatively comprehensive search, we may have missed some eligible studies.
Only articles written in English or Chinese were included, and gray literature was not consid-
ered. Second, some articles did not clearly describe randomization and blindness, which may
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lead to biased reports. Finally, there was some heterogeneity in the interventions, with some
using a combination of oral stimulation and NNS, and some using only NNS, but as the results
were similar across all studies, this should not have been an issue in the analysis.

Conclusions

In conclusion, NNS significantly reduces the time required for preterm infants to achieve
exclusive oral feeding, as well as shortening their length of hospital stay and the time to both
initiate oral feeding and return to birth weight. Although we observed that the weight at dis-
charge and at the achievement of full oral feeding was lower in the NNS group compared to
the control group, this does not negate the potential for NNS to positively influence weight
gain in preterm infants. In the future, it is necessary to further explore the effect of NNS on
weight gain of preterm infants, and to establish a standardized evidence-based management
method for oral feeding of preterm infants. Importantly, NNS also appears to decrease the
incidence of feeding intolerance, which supports its consideration for widespread use in
NICUs.

Supporting information

S1 Checklist. PRISMA 2020 checklist.
(DOCX)

S1 Table. Search strategy.
(DOCX)

S1 Fig. Funnel plot of publication bias. ((a): Time taken to achieve exclusive oral feeding; (b):
Length of hospital stay; (c): Time to start oral feeding).
(ZIP)

Author Contributions

Conceptualization: Shuliang Zhao, Huimin Jiang, Yiqun Miao.

Data curation: Shuliang Zhao, Huimin Jiang, Wenwen Liu, Yanan Li.
Formal analysis: Shuliang Zhao, Huimin Jiang, Yiqun Miao.

Funding acquisition: Yuanyuan Zhang, Aihua Wang, Xinghui Cui.
Investigation: Shuliang Zhao, Huimin Jiang, Wenwen Liu, Yanan Li.
Methodology: Shuliang Zhao, Huimin Jiang, Yiqun Miao, Wenwen Liu, Yanan Li.
Project administration: Yuanyuan Zhang, Aihua Wang, Xinghui Cui.
Resources: Aihua Wang, Xinghui Cui.

Software: Shuliang Zhao, Huimin Jiang.

Validation: Shuliang Zhao, Yiqun Miao, Aihua Wang.

Writing - original draft: Shuliang Zhao, Huimin Jiang.

Writing - review & editing: Shuliang Zhao, Aihua Wang, Xinghui Cui.

References

1. PerinJ, Mulick A, Yeung D, Villavicencio F, Lopez G, Strong KL, et al. Global, regional, and national
causes of under-5 mortality in 2000—19: an updated systematic analysis with implications for the

PLOS ONE | https://doi.org/10.1371/journal.pone.0302267  April 16, 2024 15/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302267.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302267.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302267.s003
https://doi.org/10.1371/journal.pone.0302267

PLOS ONE

Effectiveness of non-nutritive sucking on oral feeding of preterm infants

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Sustainable Development Goals. The Lancet Child & adolescent health. 2022; 6(2):106—15. Epub
2021/11/21. https://doi.org/10.1016/S2352-4642(21)00311-4 PMID: 34800370; PubMed Central
PMCID: PMC8786667.

Ohuma EO, Moller AB, Bradley E, Chakwera S, Hussain-Alkhateeb L, Lewin A, et al. National, regional,
and global estimates of preterm birth in 2020, with trends from 2010: a systematic analysis. Lancet
(London, England). 2023; 402(10409):1261—71. Epub 2023/10/08. https://doi.org/10.1016/S0140-6736
(23)00878-4 PMID: 37805217.

Sarda SP, Sarri G, Siffel C. Global prevalence of long-term neurodevelopmental impairment following
extremely preterm birth: a systematic literature review. The Journal of international medical research.
2021; 49(7):3000605211028026. Epub 2021/07/22. https://doi.org/10.1177/03000605211028026
PMID: 34284680; PubMed Central PMCID: PMC8299900.

Mousavi SZ, Shahbodaghi MR, Kadivar M, Khosravi N, Mirzazade M. The study of oral feeding disor-
ders incidence in infants in NICU of Tehran University of medical sciences hospitals. Journal of Modern
Rehabilitation. 2015; 9:1-7.

Schneider N, Garcia-Rodenas CL. Early Nutritional Interventions for Brain and Cognitive Development
in Preterm Infants: A Review of the Literature. Nutrients. 2017; 9(3). Epub 2017/03/01. https://doi.org/
10.3390/nu9030187 PMID: 28241501; PubMed Central PMCID: PMC5372850.

Ahmadpour-Kacho M, Pasha YZ, Hahdinejad Z, Khafri S. The Effect of Non-nutritive Sucking on Trans-
cutaneous Oxygen Saturation in Neonates under the Nasal Continuous Positive Airway Pressure
(CPAP). International Journal of Pediatrics. 2017; 5:4511-9.

Lessen BS. Effect of the premature infant oral motor intervention on feeding progression and length of
stay in preterm infants. Advances in neonatal care: official journal of the National Association of Neona-
tal Nurses. 2011; 11(2):129-39. Epub 2011/07/07. https://doi.org/10.1097/ANC.0b013e3182115a2a
PMID: 21730902.

Poore M, Barlow SM, Wang J, Estep M, Lee J. Respiratory treatment history predicts suck pattern sta-
bility in preterm infants. Journal of neonatal nursing: JNN. 2008; 14(6):185-92. Epub 2009/12/04.
https://doi.org/10.1016/}.jnn.2008.07.006 PMID: 19956344; PubMed Central PMCID: PMC2614286.

Samara M, Johnson S, Lamberts K, Marlow N, Wolke D. Eating problems at age 6 years in a whole pop-
ulation sample of extremely preterm children. Developmental medicine and child neurology. 2010; 52
(2):e16—22. Epub 2009/10/17. https://doi.org/10.1111/j.1469-8749.2009.03512.x PMID: 19832883.

Barlow SM, Finan DS, Lee J, Chu S. Synthetic orocutaneous stimulation entrains preterm infants with
feeding difficulties to suck. Journal of perinatology: official journal of the California Perinatal Association.
2008; 28(8):541-8. Epub 2008/06/13. https://doi.org/10.1038/jp.2008.57 PMID: 18548084; PubMed
Central PMCID: PMC3725753.

Leppénen M, Lapinleimu H, Lind A, Matoméki J, Lehtonen L, Haataja L, et al. Antenatal and postnatal
growth and 5-year cognitive outcome in very preterm infants. Pediatrics. 2014; 133(1):63—70. Epub
2013/12/18. https://doi.org/10.1542/peds.2013-1187 PMID: 24344108.

Su BH. Optimizing nutrition in preterm infants. Pediatrics and neonatology. 2014; 55(1):5—13. Epub
2013/09/21. https://doi.org/10.1016/j.pedne0.2013.07.003 PMID: 24050843.

Bragelien R, Rekke W, Markestad T. Stimulation of sucking and swallowing to promote oral feeding in
premature infants. Acta paediatrica (Oslo, Norway: 1992). 2007; 96(10):1430-2. Epub 2007/08/24.
https://doi.org/10.1111/j.1651-2227.2007.00448.x PMID: 17714542.

Bingham PM, Ashikaga T, Abbasi S. Prospective study of non-nutritive sucking and feeding skills in pre-
mature infants. Archives of disease in childhood Fetal and neonatal edition. 2010; 95(3):F194—200.
Epub 2009/12/02. https://doi.org/10.1136/adc.2009.164186 PMID: 19948525.

Palmer MM, Crawley K, Blanco IA. Neonatal Oral-Motor Assessment scale: a reliability study. Journal
of perinatology: official journal of the California Perinatal Association. 1993; 13(1):28-35. Epub 1993/
01/01. PMID: 8445444,

Harding C, Frank L, Van Someren V, Hilari K, Botting N. How does non-nutritive sucking support infant
feeding? Infant behavior & development. 2014; 37(4):457—-64. Epub 2014/06/30. https://doi.org/10.
1016/j.infbeh.2014.05.002 PMID: 24974134.

McCain GC. An evidence-based guideline for introducing oral feeding to healthy preterm infants. Neo-
natal network: NN. 2003; 22(5):45-50. Epub 2003/11/06. https://doi.org/10.1891/0730-0832.22.5.45
PMID: 14598979.

Moreira CMD, Cavalcante-Silva RPGV, Miyaki M, Fujinaga CI. Efeitos da estimulagéo da suc¢ao nao
nutritiva com dedo enluvado na transi¢éo alimentar em recém-nascido prematuro de muito baixo peso.
Revista Cefac. 2014; 16:1187-93.

Rocha AD, Moreira ME, Pimenta HP, Ramos JR, Lucena SL. A randomized study of the efficacy of sen-
sory-motor-oral stimulation and non-nutritive sucking in very low birthweight infant. Early human

PLOS ONE | https://doi.org/10.1371/journal.pone.0302267  April 16, 2024 16/19


https://doi.org/10.1016/S2352-4642%2821%2900311-4
http://www.ncbi.nlm.nih.gov/pubmed/34800370
https://doi.org/10.1016/S0140-6736%2823%2900878-4
https://doi.org/10.1016/S0140-6736%2823%2900878-4
http://www.ncbi.nlm.nih.gov/pubmed/37805217
https://doi.org/10.1177/03000605211028026
http://www.ncbi.nlm.nih.gov/pubmed/34284680
https://doi.org/10.3390/nu9030187
https://doi.org/10.3390/nu9030187
http://www.ncbi.nlm.nih.gov/pubmed/28241501
https://doi.org/10.1097/ANC.0b013e3182115a2a
http://www.ncbi.nlm.nih.gov/pubmed/21730902
https://doi.org/10.1016/j.jnn.2008.07.006
http://www.ncbi.nlm.nih.gov/pubmed/19956344
https://doi.org/10.1111/j.1469-8749.2009.03512.x
http://www.ncbi.nlm.nih.gov/pubmed/19832883
https://doi.org/10.1038/jp.2008.57
http://www.ncbi.nlm.nih.gov/pubmed/18548084
https://doi.org/10.1542/peds.2013-1187
http://www.ncbi.nlm.nih.gov/pubmed/24344103
https://doi.org/10.1016/j.pedneo.2013.07.003
http://www.ncbi.nlm.nih.gov/pubmed/24050843
https://doi.org/10.1111/j.1651-2227.2007.00448.x
http://www.ncbi.nlm.nih.gov/pubmed/17714542
https://doi.org/10.1136/adc.2009.164186
http://www.ncbi.nlm.nih.gov/pubmed/19948525
http://www.ncbi.nlm.nih.gov/pubmed/8445444
https://doi.org/10.1016/j.infbeh.2014.05.002
https://doi.org/10.1016/j.infbeh.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24974134
https://doi.org/10.1891/0730-0832.22.5.45
http://www.ncbi.nlm.nih.gov/pubmed/14598979
https://doi.org/10.1371/journal.pone.0302267

PLOS ONE

Effectiveness of non-nutritive sucking on oral feeding of preterm infants

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

development. 2007; 83(6):385-8. Epub 2006/09/19. https://doi.org/10.1016/j.earlhumdev.2006.08.003
PMID: 16979854.

Lau C, Hurst N. Oral feeding in infants. Current problems in pediatrics. 1999; 29(4):105-24. Epub 1999/
04/15. https://doi.org/10.1016/s0045-9380(99)80052-8 PMID: 10202630.

Schwartz R, Moody L, Yarandi H, Anderson GC. A meta-analysis of critical outcome variables in nonnu-
tritive sucking in preterm infants. Nursing Research. 1987; 36(5):292-5. https://doi.org/10.1097/
00006199-198709000-00010 PMID: 3650803

Pinelli J, Symington A. Non-nutritive sucking for promoting physiologic stability and nutrition in preterm
infants. The Cochrane database of systematic reviews. 2005;(4):Cd001071. Epub 2005/10/20. https:/
doi.org/10.1002/14651858.CD001071.pub2 PMID: 16235279.

Foster JP, Psaila K, Patterson T. Non-nutritive sucking for increasing physiologic stability and nutrition
in preterm infants. The Cochrane database of systematic reviews. 2016; 10(10):Cd001071. Epub 2016/
11/02. https://doi.org/10.1002/14651858.CD001071.pub3 PMID: 27699765; PubMed Central PMCID:
PMC6458048.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JP, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:

explanation and elaboration. PLoS medicine. 2009; 6(7):e1000100. Epub 2009/07/22. https://doi.org/

10.1371/journal.pmed.1000100 PMID: 19621070.

McCain GC, Gartside PS, Greenberg JM, Lott JW. A feeding protocol for healthy preterm infants that
shortens time to oral feeding. J Pediatr. 2001; 139(3):374-9. Epub 2001/09/20. https://doi.org/10.1067/
mpd.2001.117077 PMID: 11562616.

Lyu T-c, Zhang Y-x, Hu X-j, Cao Y Ren P, Wang Y-j.The effect of an early oral stimulation program on
oral feeding of preterm infants. International Journal of Nursing Sciences. 2014; 1(1):42—7. https://doi.
org/10.1016/j.ijnss.2014.02.010

Xu DM, Lin M, Huang ZR, Li ZZ, Liang C, Meng Y], et al. Effects of breast milk olfactory stimulation com-
bined with non-nutritive sucking on feeding outcomes in preterm infants. Journal of Nursing. 2022; 37,
28-31. https://doi.org/10.3870/j.issn.1001-4152.2022.15.028

Calik C, Esenay F. The clinical effect of pacifier use on orogastric tube-fed preterm infants: A random-
ized controlled trial. JPMA The Journal of the Pakistan Medical Association. 2019; 69(6):771-6. Epub
2019/06/14. PMID: 31189280.

Fucile S, Milutinov M, Timmons K, Dow K. Oral Sensorimotor Intervention Enhances Breastfeeding
Establishment in Preterm Infants. Breastfeeding medicine: the official journal of the Academy of Breast-
feeding Medicine. 2018; 13(7):473-8. Epub 2018/08/17. https://doi.org/10.1089/bfm.2018.0014 PMID:
30113209.

Say B, Simsek GK, Canpolat FE, Oguz SS. Effects of Pacifier Use on Transition Time from Gavage to
Breastfeeding in Preterm Infants: A Randomized Controlled Trial. Breastfeeding medicine: the official
journal of the Academy of Breastfeeding Medicine. 2018; 13(6):433—7. Epub 2018/06/19. https://doi.
org/10.1089/bfm.2018.0031 PMID: 29912580.

HeY, LiWX, Tang J, Feng ZC, Mu DZ. Clinical guidelines for feeding intolerance in preterm infants
(2020). Chinese Journal of Contemporary Pediatrics. 2020; 22(10):1047-55. https://doi.org/10.7499/j.
issn.1008-8830.2008132 PMID: 33059799

Higgins JP, Altman DG, Getzsche PC, Jiini P, Moher D, Oxman AD, et al. The Cochrane Collabora-
tion’s tool for assessing risk of bias in randomised trials. BMJ (Clinical research ed). 2011; 343:d5928.
Epub 2011/10/20. https://doi.org/10.1136/bm|.d5928 PMID: 22008217.

Foreman J, Salim AT, Praveen A, Fonseka D, Ting DSW, Guang He M, et al. Association between digi-
tal smart device use and myopia: a systematic review and meta-analysis. The Lancet Digital health.
2021; 3(12):e806—e18. Epub 2021/10/10. https://doi.org/10.1016/S2589-7500(21)00135-7 PMID:
34625399.

Zhang Y, Lyu T, Hu X, Shi P, Cao Y, Latour JM. Effect of nonnutritive sucking and oral stimulation on
feeding performance in preterm infants: a randomized controlled trial. Pediatric critical care medicine: a
journal of the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Criti-
cal Care Societies. 2014; 15(7):608—14. Epub 2014/07/01. https://doi.org/10.1097/PCC.
0000000000000182 PMID: 24977689.

Feng JM, Gao L J, Zhang L. Effects of early swallowing training supplemented with non-nutritive suck-
ing on feeding in very low birth weight preterm infants. Integrative Nursing Care (in Chinese and
English). 2022; 8, 82—84.

Ling QZ. Effect of non-nutritive sucking on nutrition of 26 preterm infants. Guangxi Medicine. 2008; 30,
360-361. https://doi.org/10.3969/j.issn.0253-4304.2008.03.031

PLOS ONE | https://doi.org/10.1371/journal.pone.0302267  April 16, 2024 17/19


https://doi.org/10.1016/j.earlhumdev.2006.08.003
http://www.ncbi.nlm.nih.gov/pubmed/16979854
https://doi.org/10.1016/s0045-9380%2899%2980052-8
http://www.ncbi.nlm.nih.gov/pubmed/10202630
https://doi.org/10.1097/00006199-198709000-00010
https://doi.org/10.1097/00006199-198709000-00010
http://www.ncbi.nlm.nih.gov/pubmed/3650803
https://doi.org/10.1002/14651858.CD001071.pub2
https://doi.org/10.1002/14651858.CD001071.pub2
http://www.ncbi.nlm.nih.gov/pubmed/16235279
https://doi.org/10.1002/14651858.CD001071.pub3
http://www.ncbi.nlm.nih.gov/pubmed/27699765
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
https://doi.org/10.1067/mpd.2001.117077
https://doi.org/10.1067/mpd.2001.117077
http://www.ncbi.nlm.nih.gov/pubmed/11562616
https://doi.org/10.1016/j.ijnss.2014.02.010
https://doi.org/10.1016/j.ijnss.2014.02.010
https://doi.org/10.3870/j.issn.1001-4152.2022.15.028
http://www.ncbi.nlm.nih.gov/pubmed/31189280
https://doi.org/10.1089/bfm.2018.0014
http://www.ncbi.nlm.nih.gov/pubmed/30113209
https://doi.org/10.1089/bfm.2018.0031
https://doi.org/10.1089/bfm.2018.0031
http://www.ncbi.nlm.nih.gov/pubmed/29912580
https://doi.org/10.7499/j.issn.1008-8830.2008132
https://doi.org/10.7499/j.issn.1008-8830.2008132
http://www.ncbi.nlm.nih.gov/pubmed/33059799
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1016/S2589-7500%2821%2900135-7
http://www.ncbi.nlm.nih.gov/pubmed/34625399
https://doi.org/10.1097/PCC.0000000000000182
https://doi.org/10.1097/PCC.0000000000000182
http://www.ncbi.nlm.nih.gov/pubmed/24977689
https://doi.org/10.3969/j.issn.0253-4304.2008.03.031
https://doi.org/10.1371/journal.pone.0302267

PLOS ONE

Effectiveness of non-nutritive sucking on oral feeding of preterm infants

37.

38.

39.

40.

M,

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Zhang CY, Xie YP, Zhang CP, Zhu XH, Niu FY. Effect of non-nutritive sucking on the duration of naso-
gastric tube retention in preterm infants. Journal of Nursing. 2003; 648—649. https://doi.org/10.3969/j.
issn.1001-4152.2003.09.003

Yue XH, Zhao CX, Lu H, Xue XD. Effects of non-nutritive sucking on nutrition and gastrointestinal transit
time in preterm infants. Chinese Journal of Pediatrics. 2003; 15—18. https://doi.org/10.3760/j.
issn:0578-1310.2003.02.004

Ma LT, Li YL. Study on the effect of non-nutritive sucking combined with mother’s voice stimulation
intervention in preterm infant feeding. Chinese Journal of Practical Nursing. 2019; 35, 929-932. https:/
doi.org/10.3760/cma.j.issn.1672-7088.2019.12.011

Jiang GR. Effect of non-nutritive sucking on gastrointestinal feeding in very low birth weight infants. Chi-
nese Journal of Modern Nursing.2009; 15, 2382—-2383. https://doi.org/10.3760/cma.j.issn.1674-2907.
2009.24.013

Kang SQ. Evaluation of the effect of non-nutritive sucking in improving feeding of preterm infants. Chi-
nese Journal of Practical Nursing. 2009; 25, 40—41. https://doi.org/10.3760/cma.j.issn.1672-7088.
2009.03.019

Lau C, Smith EO. Interventions to improve the oral feeding performance of preterm infants. Acta paedia-
trica (Oslo, Norway: 1992). 2012; 101(7):e269—74. Epub 2012/03/13. https://doi.org/10.1111/j.1651-
2227.2012.02662.x PMID: 22404221.

Field T, Ignatoff E, Stringer S, Brennan J, Greenberg R, Widmayer S, et al. Nonnutritive sucking during
tube feedings: effects on preterm neonates in an intensive care unit. Pediatrics. 1982; 70(3):381—4.
Epub 1982/09/01. PMID: 6810298.

Bernbaum JC, Pereira GR, Watkins JB, Peckham GJ. Nonnutritive sucking during gavage feeding
enhances growth and maturation in premature infants. Pediatrics. 1983; 71(1):41-5. Epub 1983/01/01.
PMID: 6401358.

Shaki F, Aziznejadroshan P, Rad ZA, Chehrazi M, Arzani A. Comparison of the effect of two methods of
sucking on pacifier and mother’s finger on oral feeding behavior in preterm infants: a randomized clinical
trial. BMC pediatrics. 2022; 22(1):292. Epub 2022/05/19. https://doi.org/10.1186/s12887-022-03352-9
PMID: 35585519; PubMed Central PMCID: PMC9118858.

Ostadi M, Jokar F, Armanian AM, Namnabati M, Kazemi Y, Poorjavad M. The effects of swallowing
exercise and non-nutritive sucking exercise on oral feeding readiness in preterm infants: A randomized
controlled trial. International journal of pediatric otorhinolaryngology. 2021; 142:110602. Epub 2021/01/
08. https://doi.org/10.1016/j.ijporl.2020.110602 PMID: 33412344

Asadollahpour F, Yadegari F, Soleimani F, Khalesi N. The Effects of Non-Nutritive Sucking and Pre-
Feeding Oral Stimulation on Time to Achieve Independent Oral Feeding for Preterm Infants. Iranian
journal of pediatrics. 2015; 25(3):e809. Epub 2015/07/23. https://doi.org/10.5812/ijp.25(3)2015.809
PMID: 26199713; PubMed Central PMCID: PMC4505995.

Yildiz A, Arikan D. The effects of giving pacifiers to premature infants and making them listen to lullabies
on their transition period for total oral feeding and sucking success. Journal of clinical nursing. 2012; 21
(5-6):644-56. Epub 2011/06/15. https://doi.org/10.1111/j.1365-2702.2010.03634.x PMID: 21668549.

Kaya V, Aytekin A. Effects of pacifier use on transition to full breastfeeding and sucking skills in preterm
infants: a randomised controlled trial. Journal of clinical nursing. 2017; 26(13-14):2055-63. Epub 2016/
10/19. https://doi.org/10.1111/jocn.13617 PMID: 27754572.

Berber Ciftci H, Topbas S, Tastekin A. Effect of Nonnutritive Sucking on Oral Feeding in Neonates With
Perinatal Asphyxia: A Randomized Controlled Trial. American journal of speech-language pathology.
2024; 33(1):406—17. Epub 2023/12/02. https://doi.org/10.1044/2023_AJSLP-23-00213 PMID:
38039979.

LiLL, WangL, YuL, Wu Xi, Yan WL, CaoY, et al. Effects of non-nutritive breast sucking on the ability
of very low birth weight preterm infants to feed orally. Chinese Journal of Nursing. 2023; 58(12):1422—7.
https://doi.org/10.3761/j.issn.0254-1769.2023.12.002

John HB, Suraj C, Padankatti SM, Sebastian T, Rajapandian E. Nonnutritive Sucking at the Mother’s
Breast Facilitates Oral Feeding Skills in Premature Infants: A Pilot Study. Advances in neonatal care:
official journal of the National Association of Neonatal Nurses. 2019; 19(2):110-7. Epub 2018/08/14.
https://doi.org/10.1097/ANC.0000000000000545 PMID: 30102620.

Khodagholi Z, Zarifian T, Soleimani F, Khoshnood Shariati M, Bakhshi E. The Effect of Non-Nutritive
Sucking and Maternal Milk Odor on the Independent Oral Feeding in Preterm Infants. Iranian journal of
child neurology. 2018; 12(4):55—-64. Epub 2018/10/04. PMID: 30279709; PubMed Central PMCID:
PMC6160630.

Fucile S, Wener E, Dow K. Enhancing breastfeeding establishment in preterm infants: A randomized
clinical trial of two non-nutritive sucking approaches. Early human development. 2021; 156:105347.
Epub 2021/03/15. https://doi.org/10.1016/j.earlhumdev.2021.105347 PMID: 33714801.

PLOS ONE | https://doi.org/10.1371/journal.pone.0302267  April 16, 2024 18/19


https://doi.org/10.3969/j.issn.1001-4152.2003.09.003
https://doi.org/10.3969/j.issn.1001-4152.2003.09.003
https://doi.org/10.3760/j.issn%3A0578%26%23x2013%3B1310.2003.02.004
https://doi.org/10.3760/j.issn%3A0578%26%23x2013%3B1310.2003.02.004
https://doi.org/10.3760/cma.j.issn.1672-7088.2019.12.011
https://doi.org/10.3760/cma.j.issn.1672-7088.2019.12.011
https://doi.org/10.3760/cma.j.issn.1674-2907.2009.24.013
https://doi.org/10.3760/cma.j.issn.1674-2907.2009.24.013
https://doi.org/10.3760/cma.j.issn.1672-7088.2009.03.019
https://doi.org/10.3760/cma.j.issn.1672-7088.2009.03.019
https://doi.org/10.1111/j.1651-2227.2012.02662.x
https://doi.org/10.1111/j.1651-2227.2012.02662.x
http://www.ncbi.nlm.nih.gov/pubmed/22404221
http://www.ncbi.nlm.nih.gov/pubmed/6810298
http://www.ncbi.nlm.nih.gov/pubmed/6401358
https://doi.org/10.1186/s12887-022-03352-9
http://www.ncbi.nlm.nih.gov/pubmed/35585519
https://doi.org/10.1016/j.ijporl.2020.110602
http://www.ncbi.nlm.nih.gov/pubmed/33412344
https://doi.org/10.5812/ijp.25%283%292015.809
http://www.ncbi.nlm.nih.gov/pubmed/26199713
https://doi.org/10.1111/j.1365-2702.2010.03634.x
http://www.ncbi.nlm.nih.gov/pubmed/21668549
https://doi.org/10.1111/jocn.13617
http://www.ncbi.nlm.nih.gov/pubmed/27754572
https://doi.org/10.1044/2023%5FAJSLP-23-00213
http://www.ncbi.nlm.nih.gov/pubmed/38039979
https://doi.org/10.3761/j.issn.0254-1769.2023.12.002
https://doi.org/10.1097/ANC.0000000000000545
http://www.ncbi.nlm.nih.gov/pubmed/30102620
http://www.ncbi.nlm.nih.gov/pubmed/30279709
https://doi.org/10.1016/j.earlhumdev.2021.105347
http://www.ncbi.nlm.nih.gov/pubmed/33714801
https://doi.org/10.1371/journal.pone.0302267

PLOS ONE

Effectiveness of non-nutritive sucking on oral feeding of preterm infants

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Kamhawy H, Holditch-Davis D, Alsharkawy S, Alrafay S, Corazzini K. Non-nutritive sucking for preterm
infants in Egypt. Journal of obstetric, gynecologic, and neonatal nursing: JOGNN. 2014; 43(3):330—40.
Epub 2014/04/24. https://doi.org/10.1111/1552-6909.12310 PMID: 24754382.

Morag |, Hendel Y, Karol D, Geva R, Tzipi S. Transition From Nasogastric Tube to Oral Feeding: The
Role of Parental Guided Responsive Feeding. Frontiers in pediatrics. 2019; 7:190. Epub 2019/05/31.
https://doi.org/10.3389/fped.2019.00190 PMID: 31143759; PubMed Central PMCID: PMC6521795.

Mizuno K, Ueda A. The maturation and coordination of sucking, swallowing, and respiration in preterm
infants. J Pediatr. 2003; 142(1):36—40. Epub 2003/01/10. https://doi.org/10.1067/mpd.2003.mpd0312
PMID: 12520252.

Corvaglia L, Martini S, Corrado MF, Mariani E, Legnani E, Bosi |, et al. Does the Use of Pacifier Affect
Gastro-Esophageal Reflux in Preterm Infants? J Pediatr. 2016; 172:205-8. Epub 2016/02/08. https://
doi.org/10.1016/j.jpeds.2016.01.022 PMID: 26852181.

Barlow SM, Finan DS, Rowland SG. Mechanically evoked perioral reflexes in infants. Brain research.
1992; 599(1):158-60. Epub 1992/12/18. https://doi.org/10.1016/0006-8993(92)90865-7 PMID:
1493544,

Tolppola O, Renko M, Sankilampi U, Kiviranta P, Hintikka L, Kuitunen I. Pacifier use and breastfeeding
in term and preterm newborns-a systematic review and meta-analysis. European journal of pediatrics.
2022; 181(9):3421-8. Epub 2022/07/15. https://doi.org/10.1007/s00431-022-04559-9 PMID:
35834044; PubMed Central PMCID: PMC9395499.

Marchini G, Lagercrantz H, Feuerberg Y, Winberg J, Uvnas-Moberg K. The effect of non-nutritive suck-
ing on plasma insulin, gastrin, and somatostatin levels in infants. Acta paediatrica Scandinavica. 1987;
76(4):573-8. Epub 1987/07/01. https://doi.org/10.1111/j.1651-2227.1987.tb10523.x PMID: 2888258.

Hospital discharge of the high-risk neonate. Pediatrics. 2008; 122(5):1119-26. Epub 2008/11/04.
https://doi.org/10.1542/peds.2008-2174 PMID: 18977994.

Widstrom AM, Marchini G, Matthiesen AS, Werner S, Winberg J, Uvnas-Moberg K. Nonnutritive suck-
ing in tube-fed preterm infants: effects on gastric motility and gastric contents of somatostatin. Journal
of pediatric gastroenterology and nutrition. 1988; 7(4):517-23. Epub 1988/07/01. https://doi.org/10.
1097/00005176-198807000-00007 PMID: 2899621.

Hu QY, Qin XL, Cao P, Sun'Y, Wei YH. Effect of feeding continuity of care on growth and development
of preterm infants at nutritional risk. Journal of Nursing. 2020; 35, 101-104. https://doi.org/10.3870/j.
issn.1001-4152.2020.21.101

Dong YH, Yang XC, Zhang JP,Yang FT, Qin JX, You XL,et al. Developmental supportive care in the
intensive care unit of preterm infants. Chinese Journal of Practical Nursing. 2007; 23, 29-30. https://
doi.org/10.3760/cma.j.issn.1672-7088.2007.13.014

Hwang YS, Vergara E, Lin CH, Coster WJ, Bigsby R, Tsai WH. Effects of prefeeding oral stimulation on
feeding performance of preterm infants. Indian journal of pediatrics. 2010; 77(8):869-73. Epub 2010/
09/04. https://doi.org/10.1007/s12098-010-0001-9 PMID: 20814844.

MaL, Tao YQ. Research Progress of Oral Motor Intervention to Improve Transoral Feeding in Preterm
Infants. Chinese Journal of Modern Nursing. 2015; (35):4332—4,5. https://doi.org/10.3760/cma.j.issn.
1674-2907.2015.35.036

PLOS ONE | https://doi.org/10.1371/journal.pone.0302267  April 16, 2024 19/19


https://doi.org/10.1111/1552-6909.12310
http://www.ncbi.nlm.nih.gov/pubmed/24754382
https://doi.org/10.3389/fped.2019.00190
http://www.ncbi.nlm.nih.gov/pubmed/31143759
https://doi.org/10.1067/mpd.2003.mpd0312
http://www.ncbi.nlm.nih.gov/pubmed/12520252
https://doi.org/10.1016/j.jpeds.2016.01.022
https://doi.org/10.1016/j.jpeds.2016.01.022
http://www.ncbi.nlm.nih.gov/pubmed/26852181
https://doi.org/10.1016/0006-8993%2892%2990865-7
http://www.ncbi.nlm.nih.gov/pubmed/1493544
https://doi.org/10.1007/s00431-022-04559-9
http://www.ncbi.nlm.nih.gov/pubmed/35834044
https://doi.org/10.1111/j.1651-2227.1987.tb10523.x
http://www.ncbi.nlm.nih.gov/pubmed/2888258
https://doi.org/10.1542/peds.2008-2174
http://www.ncbi.nlm.nih.gov/pubmed/18977994
https://doi.org/10.1097/00005176-198807000-00007
https://doi.org/10.1097/00005176-198807000-00007
http://www.ncbi.nlm.nih.gov/pubmed/2899621
https://doi.org/10.3870/j.issn.1001-4152.2020.21.101
https://doi.org/10.3870/j.issn.1001-4152.2020.21.101
https://doi.org/10.3760/cma.j.issn.1672-7088.2007.13.014
https://doi.org/10.3760/cma.j.issn.1672-7088.2007.13.014
https://doi.org/10.1007/s12098-010-0001-9
http://www.ncbi.nlm.nih.gov/pubmed/20814844
https://doi.org/10.3760/cma.j.issn.1674-2907.2015.35.036
https://doi.org/10.3760/cma.j.issn.1674-2907.2015.35.036
https://doi.org/10.1371/journal.pone.0302267

