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Abstract

Smell and taste sensations have been linked to positive outcomes in the feeding of premature infants,
though the impact on the time required to transition to oral feeding remains unclear. This study aimed to
evaluate the beneficial effects of smell and taste interventions on clinical outcomes in preterm infants. We
conducted a search in PubMed, Scopus, Web of Science, and the Cochrane Central Register of Controlled
Trials from inception through September 2024 for randomized controlled trials (RCTs) examining the effects
of smell and taste on clinical outcomes in preterm infants with a gestational age of less than 34 weeks. The
quality of the included studies was evaluated using the updated Cochrane's Risk of Bias tool (version 2). The
primary outcome was the time required to achieve oral feeds. Secondary outcomes included the time to
reach full enteral feeds, length of hospital stay, postmenstrual age, the need for parenteral nutrition, and the
incidence of nosocomial infections. The outcomes were summarized as mean difference (MD) or odds ratio
(OR) with 95% confidence intervals (CI) using a random-effects model. A total of 12 RCTs involving 1,638
preterm infants were included in the analysis. The results showed that smell and taste interventions
significantly reduced the time needed to reach oral feeds (MD = -1.37 days, 95% CI [-2.26, -0.48], p < 0.001; I
=42.15%) compared to no intervention. These findings were consistent across subgroup analyses based on
birth weight at admission, type of exposure, and sample size. However, no significant differences were

found for the other secondary outcomes. In conclusion, smell and taste interventions significantly reduced
the time to reach oral feeds, with similar outcomes for other clinical measures compared to no intervention.
These findings suggest that smell and taste interventions could be used in the care of preterm infants, with
the need for large-volume RCTs and long-term assessments being warranted.

Categories: Pediatrics
Keywords: gestational age, preterm infant, smell, sucking feed, taste

Introduction And Background

Preterm infants are those born alive before 37 weeks of gestation. In 2020, an estimated 13.4 million
newborns were born preterm, which is roughly 1 in 10 births. In 2019, around 900,000 children died from
complications related to preterm birth [1]. Any of these deaths are preventable with appropriate medical
care, particularly in low- and middle-income countries, where survival rates for premature babies vary
significantly. For instance, more than 90% of extremely preterm infants (born at less than 28 weeks) in low-
income countries do not survive their first few days, while in high-income countries, fewer than 10% of
these infants die [1,2]. Additionally, even those who do survive may face risks of developmental delay 3],
cardiometabolic diseases, and other disorders [4,5]. Proper nutrition is crucial for the growth and
development of preterm infants, as improved weight gain and head growth are linked to better health
outcomes and enhanced long-term neural development [6].

Preterm infants have an immature gastrointestinal system, and they show uncoordinated neonatal reflexes,
such as sucking and swallowing; thus, they receive their eternal feeds through a nasogastric tube after
failure of initial supply with parenteral nutrition. Prematurity in the gastrointestinal canal, sucking, and
swallowing are the main causes of the higher need of using tube feeding; in addition, non-invasive
interventions in the NICU, such as nasal continuous positive airway pressure and high-flow nasal cannula,
could mandate the need for tube feeding as well [7]. Moreover, early initiation of enteral feeds has a great
impact on preterm infants' health by promoting micronutrient delivery, intestinal development, and full
maturation, reducing inflammation, and stimulating the maturation of intestinal microbes [8].

Smell and taste play a crucial role in digestion by triggering various physiological responses that prepare the
body for food intake [9]. These sensations are mainly processed in the olfactory and gustatory cortices and
are then integrated with higher brain functions [9]. In the context of preterm infants, smell and taste are
often overlooked during tube feeding. However, these senses are known to enhance gut motility and
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stimulate the secretion of digestive enzymes, and may aid in promoting the release of digestive hormones.
This systematic review and meta-analysis aimed to evaluate whether exposure to the smell or taste of breast
milk or formula - administered through tube feeds - can facilitate the time needed to transition to oral feeds.

Review
Methods

This systematic review and meta-analysis was performed according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) [10] and the guidelines of Cochrane Handbook of
Systematic Reviews and Meta-Analyses [11]. The research protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO, identifier: CRD42024603689).

We searched four databases (PubMed, Scopus, Web of Science, and Cochrane Central) for randomized
controlled trials (RCTs) from inception till September 2024 using the following search strings: ((preterm
infants) OR (pre-term)) AND ((smell sense) OR (taste sense)) AND ((infant formula) OR (baby formula) OR
(breast milk)). The duplicates were removed by EndNote [12], and remaining citations were uploaded to
Rayyan [13]. Furthermore, a manual citation analysis from published reports and past meta-analyses was
performed to include all relevant studies.

RCTs involving preterm infants aged 24-34 weeks of gestation were considered eligible if the intervention
focused on smell or taste, compared to a no-smell or no-taste control, and studied outcomes of interest
using an intention-to-treat analysis. Moreover, we excluded observational studies, single-arm studies, or
studies with unpublished data. Additionally, we excluded full-term neonates, neonates with chromosomal
abnormalities, infants with neonatal seizures, neonates with need for mechanical ventilation, or neonates
who had cranial bleeding or hyperbilirubinemia. Next, we performed a two-step approach during the
literature search using Rayyan software [13]. The first step was title and abstract screening for all citations,
and, subsequently, full-text screening was performed to include studies matching our inclusion criteria. Two
independent authors executed the screening phases, and any disagreements were resolved via a consensus
with a third author.

The primary outcome of interest was time to reach oral feeds defined as the time needed to remove the
feeding tube. Other secondary outcomes were time to reach full enteral feeds defined as 150 mL/kg/day,
duration of parenteral nutrition defined as the time needed to remove the intravenous (IV) nutrition line,
length of hospital stay, first discharge post-menstrual age, discharge weight, and the incidence of
necrotizing enterocolitis by positive culture test. We used an offline Excel sheet (Microsoft Corp., Redmond,
WA) for data extraction. The extracted data were as follows: baseline characteristics of the included patients,
first author’s last name, year of publication, study design, country and duration of study, sample size, study
group, main inclusion criteria, and primary and secondary outcomes.

Two authors independently assessed the quality of the included RCTs using the Cochrane Risk of Bias 2
(ROB-2) tool for RCTs [14], which comprises five domains: randomization process, deviation from intended
intervention, assessment of outcome measurement, missing outcome data, and selection of reported results.
The decisions were categorized as “high risk of bias,” “some concerns,” and “low risk of bias.” Any conflicts
were resolved via a discussion with a third author. Funnel plots were used to assess for publication bias, and
trim and fill methodology was used in case of publication bias.

The continuous data expressed as mean and standard deviation (SD) were pooled as mean difference (MD)
with its 95% confidence interval (CI) using the DerSimonian Laird random effect model. Moreover, the
pooled dichotomous data expressed as event and total number of patients were analyzed using the odds ratio

(OR) with its 95% CI using the random-effects model. Heterogeneity among studies was assessed using the 12

statistic and p-value, of which an 12 > 50% and a p-value of <0.05 indicated significant heterogeneity. We
performed a Galbraith plot to visualize the heterogeneous studies using the overall standard error.
Additionally, we performed subgroup analyses to the primary outcome of interest based on the type of
exposure (only smell of milk or smell and taste of milk), the mean birth weight at admission (<1,500 g or
>1,500 g), and sample size of each study (<100 participants or >100 participants). A sensitivity analysis
model named “leave-one-out” was performed to assess the robustness of the evidence, of which multiple
scenarios were performed by excluding one study at a time, to ensure that the overall effect estimate was not
heavily related to a single study. All statistical analyses were performed using STATA MP18 for Mac
(StataCorp LLC, College Station, TX).

Results

A total of 40 citations were retrieved from electronic search. After screening, 17 studies were assessed for
eligibility, of which 12 RCTs that met our inclusion criteria were included in the meta-analysis [15-26]. The
study selection process is illustrated in Figure 1.
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Records removed before
screening:
Duplicate records removed (n
=4)

Records excluded**
(n=19)

Reports excluded (n=5)
Irrelevant PICO (n =4)
Conference abstract (n = 1)

FIGURE 1: The PRISMA flow diagram for literature search and study
selection.

*Databases were screened from inception till September 2024.
**Citations were excluded based on screening titles and abstracts.

PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses

We included 12 RCTs involving 1,638 preterm infants. The mean gestational age of the included infants
ranged from 26.9 to 34.1 weeks. The geographical distribution, a summary of the included studies, and the
baseline characteristics of the patients are presented in Tables I, 2.
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Author, year Country

Yildiz et al., Turke
2011 [21] v
Iranmanesh

etal., 2014 Iran
[17]

Beker et al.,
2017 [15]

Australia

Khodagholi et
al., 2018 [19]

Iran

Davidson et
al., 2019 [22]

USA

Kuglk
Alemdar and
inal, 2020
[16]

Turkey

Beker et al.,
2021 [20]

Australia

Alexander et  New
al.,, 2024 [18]  Zealand

Le etal., 2018 i
China
[26]
Xi .
uetal., China
2022 [23]
Lee, 2019
Korea
[25]
Le et al., 2021 X
China
[24]

Study
design

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

RCT, two
parallel
groups

Sample size

(intervention/control)

40/40

46/46

28/23

16/16

17116

30/30

196/199

260/272

27129

57/57

12/16

89/76

TABLE 1: Summary of the included studies.

PMA, postmenstrual age; RCT, randomized controlled trial

Intervention

Only smell of
milk

Only smell of
milk

Smell and
taste

Only smell of
milk

Only smell of
milk

Smell and
taste

Smell and
taste

Smell and
taste

Smell and
taste

Smell and
taste

Only smell of
milk

Only smell of
milk

Outcomes

Time to full enteral feeds, length of stay in hospital,
discharge weight

Transition time from gavage to oral feeding (days),
duration of hospital stay

Time to full enteral feeds, duration of parenteral nutrition,
necrotizing enterocolitis, spontaneous intestinal
perforation, discharge weight, PMA at discharge

Length of stay in hospital, discharge weight, PMA at
discharge

Time to full enteral feeds, PMA at discharge

Time to transition to oral feeding (days), weight, height,
head circumference, physiological parameters (oxygen
saturation, peak heart rate, respiratory rate)

Time to full enteral feeds, duration of parenteral nutrition,
necrotizing enterocolitis, spontaneous intestinal
perforation, discharge weight, PMA at discharge

Transition to full oral feeding, height/weight at discharge,
hospitalization time

Time to full enteral feeds, duration of parenteral nutrition,
duration of gastric tube placement, length of stay in
hospital, necrotizing enterocolitis, spontaneous intestinal
perforation

Time to full enteral feeds, duration of parenteral nutrition,
duration of gastric tube placement, length of stay in
hospital, discharge weight

Transition to full oral feeding, height/weight at discharge

Transition to full oral feeding parenteral nutrition time,
hospitalization time
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Male, n Birth weight (g), mean Gestational age, weeks APGAR score at 1 minute APGAR score at 5 minutes
Author, year

(intervention/control)  (intervention/control) (intervention/control) (intervention/control) (intervention/control)
Yildiz etal., 2011 [21]  18/24 1,466.38/1,606.38 31.05/31.27 6.58/6.25 8.88/8.50
Iranmanesh et al.,

22/24 1,601.96/1,469.02 30.7391/30.3913 7.6087/7.5652 1.1129/8.7391
2014 [17]
Beker et al., 2017

16/9 937/942 26.79/27.2 Not available a7
[18]
Khodagholi et al.,

77 1,320.9/1,311.2 29.714/30.142 Not available Not available
2018 [19]
Davidson et al., 2019

3/4 Not available 30.86/31 Not available Not available
[22]
Kiigik Alemdar and
X 15/15 1,430.7/1503.8 30.26/30.25 6.40/6.25 7.53/7.37
inal, 2020 [16]
Beker et al., 2021

100/104 950/929 27.5/127.6 Not available 8/8
[20]
Alexander et al., 2024

145/146 2,146.5/2098.1 33.8/33.8 Not available Not available
[18]
Le et al., 2018 [26] 24/28 1,689.89/1689.89 Not available Not available Not available
Xu et al., 2022 [23] 63/63 1,670/1,670 Not available Not available Not available
Lee, 2019 [25] 10/11 1,456.17/1,433.13 30.2/29.93 5.83/6.13 7.50/8.13
Le et al., 2021 [24] Not available 1,476.2/1,455.1 Not available Not available Not available

TABLE 2: Summary of the baseline characteristics of the included studies.

APGAR, Appearance, Pulse, Grimace, Activity, and Respiration

Six RCTs were rated as low risk of bias, while six were rated as having some concerns regarding bias. Seven
RCTs raised concerns about randomization due to insufficient information, while five studies raised
concerns about deviations from the intended intervention. A detailed ROB-2 analysis is provided in Figure 2.

Intention-to-treat Unique ID D1 D2

N
2
B
[
(=
]
2

. Low risk

! Some concerns

' High risk

Yildiz 2011 [21] !
Iranmanesh 2014 [17] !
Beker 2017 [15] .
Khodagholi 2018 [19] !
Davidson 2019 [22] !

D1 Randomisation process

D2 D from the

Kiigiik Alemdar 2020 [16] .

Beker 2021 [20] .

D3 Missing outcome data

0-00---000- 0
0-00000000- 0
00--0-0000"

000000000000
00000- 00000 0O

Alexander 2024 [18] . D4 Measurement of the outcome
Le 2018 [26] ! D5 Selection of the reported result
Xu 2022 [23] 1
Lee 2019 [25] .
Le 2021 [24] !

FIGURE 2: Summary of the risk of bias of the included studies.

Seven RCTs assessed the mean difference in the time needed to reach oral feeds among the two studied
groups. The total amount of time needed to reach oral was significantly reduced in the intervention group
compared to the control group (MD = -1.37 days, 95% CI [-2.26, -0.48], p < 0.001; 2= 42.15), as shown in
Figure 3. Leave-one-out sensitivity analysis was performed, which showed that no single study had a
disproportional effect on the overall effect estimate, as shown in Figure 4.
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Intervention Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Yildiz 2011 [21] 40 94 28 40 12.3 8.1 4F: -2.90[ -5.56, -0.24] 8.78
Beker 2017 [15] 28 80.3 236 23 76.6 183 —:— 3.70[ -8.09, 15.49] 0.56
Alexander 2024 [18] 260 225 109 272 227 122 | -0.20[-2.17, 1.77] 13.60
Le 2018 [26] 27 766 255 29 8.53 2.6 -0.87[-2.22, 0.48] 21.09
Xu 2022 [23] 57 14 3.04 57 17.06 5.32 OJI -3.06 [ -4.65, -1.47] 17.73
Lee 2019 [25] 12 24142 54 16 240.38 10.38 T 1.04[-5.42, 7.50] 1.80
Le 2021 [24] 89 6.57 1.62 76 7.67 1.67 -1.10[ -1.60, -0.60] 36.43
Overall ¢ -1.37[-2.26, -0.48]
Heterogeneity: 12 = 0.50, I2 = 42.15%, H2 = 1.73 :
Test of 6, = 6: Q(6) =9.32, p=0.16 !
Test of 8 = 0: z = -3.03, p <0.001 !

-10 0 10 20

Random-effects REML model

FIGURE 3: Forest plot of the time needed to reach full sucking feeds.

Cl, confidence interval; Diff., difference; N, sample size; REML, restricted maximum likelihood; SD, standard

deviation

Mean diff.
Omitted study with 95% CI p-value
Yildiz 2011 [21] - -1.22[-2.15, -0.30] 0.010
Beker 2017 [15] -1.40[ -2.30, -0.50] 0.002
Alexander 2024 [18] ° -1.57 [ -2.58, -0.56] 0.002
Le 2018 [26] ° -1.52[-2.72, -0.33] 0.013
Xu 2022 [23] - -1.06 [ -1.51, -0.61] <0.001
Lee 2019 [25] * -1.42[-2.34, -0.50] 0.002
Le 2021 [24] . -1.50[ -2.84, -0.16] 0.029
T

Random-effects REML model

FIGURE 4: Leave-one-out sensitivity analysis plot of the time needed to
reach full sucking feeds with 95% CI.

Cl, confidence interval; Diff., difference

We performed a subgroup analysis based on the weight at admission. The total amount of time needed to
reach oral feeds was significantly reduced in the intervention group compared to the control arm in the
subgroup of neonates <1500g (MD = -1.18, 95% CI: -1.86 to -0.49, p < 0.001; 2= 0.00%), without significant
difference in the neonates >1,500 g, as shown in Figure 5. Another subgroup analysis based on the type of
exposure was performed, which showed that the subgroup of only the smell of milk favored the intervention
group compared to the control group to decrease the amount of time needed to reach oral feeds (MD = -1.27

days, 95% CI [-2.25, -0.29], p = 0.01; %= 12.21%), without significant difference in the subgroup of smell and

taste exposure, as shown in Figure 6.
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Intervention Control Mean diff. Weight

Study N Mean SD N Mean SD with 95% CI (%)
<1500 g '
Yildiz 2011 [21] 40 94 28 40 12.3 8.1 40:7 -290[-5.56, -0.24] 8.78
Beker 2017 [15] 28 80.3 23.6 23 766 183 — 11— 3.70[-8.09, 15.49] 0.56
Lee 2019 [25] 12 24142 54 16 240.38 10.38 —t+ 1.04[-5.42, 7.50] 1.80
Le 2021 [24] 89 6.57 1.62 76 7.67 1.67 ° -1.10[-1.60, -0.60] 36.43
Heterogeneity: T = 0.07, I = 0.00%, H? = 1.03 * -1.18[-1.86, -0.49]
Test of 6, = 6;: Q(3) =2.80, p =0.42 |
Test of 8 =0: z=-3.36, p <0.001 |

|
>1500 g |
Alexander 2024 [18] 260 225 109 272 227 122 lo- -0.20[-2.17, 1.77] 13.60
Le 2018 [26] 27 7.66 255 29 8.53 2.6 # -0.87[-2.22, 0.48] 21.09
Xu 2022 [23] 57 14 3.04 57 17.06 5.32 -O—l -3.06 [ -4.65, -1.47] 17.73
Heterogeneity: T = 1.46, I? = 68.22%, H? = 3.15 L -1.42[-3.08, 0.24]
Test of 6,= 0: Q(2) =6.19, p=0.03 |
Test of 8 = 0: z = -1.67, p = 0.09 |

|
Overall + -1.37[-2.26, -0.48]
Heterogeneity: 12 = 0.50, I = 42.15%, H? = 1.73 |
Test of 6, = 6: Q(6) =9.32, p=0.16 |
Test of § = 0: z = -3.03, p <0.001 |
Test of group differences: Q,(1) = 0.07, p = 0.79 :

=
o
=]

10 20

Random-effects REML model

FIGURE 5: Forest plot of the time needed to reach full sucking feeds
sub-grouped by the weight at admission.

Cl, confidence interval; Diff., difference; N, sample size; REML, restricted maximum likelihood; SD, standard
deviation
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Intervention Control Mean diff. Weight

Study N Mean SD N Mean SD with 95% CI (%)
Only smell of Milk I
Yildiz 2011 [21] 40 94 28 40 12.3 8.1 40:* -290[-5.56, -0.24] 8.78
Lee 2019 [25] 12 24142 54 16 240.38 10.38 [ Ea— 1.04[-5.42, 7.50] 1.80
Le 2021 [24] 89 6.57 1.62 76 7.67 1.67 [ -1.10[-1.60, -0.60] 36.43
Heterogeneity: T = 0.23, I2 = 12.21%, H? = 1.14 ¢ -1.27[-2.25, -0.29]
Testof 6,=6;: Q(2) =2.15, p =0.34 :
Testof 8 =0:z=-2.54, p=0.01 |

|
Smell and Taste |
Beker 2017 [15] 28 80.3 23.6 23 766 183 ——+— 3.70[-8.09, 15.49] 0.56
Alexander 2024 [18] 260 225 109 272 227 122 lo- -0.20[-2.17, 1.77] 13.60
Le 2018 [26] 27 7.66 255 29 8.53 2.6 # -0.87[-2.22, 0.48] 21.09
Xu 2022 [23] 57 14 3.04 57 17.06 532 -O-l -3.06 [ -4.65, -1.47] 17.73
Heterogeneity: T2 = 1.44, 12 = 58.89%, H? = 2.43 i -1.32[-2.96, 0.32]
Test of 6, = 0: Q(3) =6.92, p=0.07 |
Testof 8 = 0: z=-1.58, p = 0.11 |

|
Overall + -1.37[-2.26, -0.48]
Heterogeneity: T2 = 0.50, I = 42.15%, H? = 1.73 |
Test of 6, = 6: Q(6) =9.32, p=0.16 |
Test of 8 = 0: z = -3.03, p <0.001 |
Test of group differences: Q,(1) = 0.00, p = 0.96 :

Random-effects REML model

FIGURE 6: Forest plot of the time needed to reach full sucking feeds
sub-grouped by the type of exposure.

Cl, confidence interval; Diff., difference; N, sample size; REML, restricted maximum likelihood; SD, standard
deviation

Additionally, we performed a subgroup analysis based on the sample size of each study. In the studies with
>100 participants, the amount of time needed to reach oral feeds was significantly reduced in the

intervention group compared to the control group (MD = -1.3 days, 95% CI [-2.27, -0.33], p = 0.01; ’=
58.33%), as shown in Figure 7.
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Intervention Control Mean diff. Weight

Study N Mean SD N Mean SD with 95% CI (%)
<100 !
Yildiz 2011 [21] 40 94 28 40 12.3 8.1 40:* -2.90[-5.56, -0.24] 8.78
Beker 2017 [15] 28 80.3 236 23 766 183 — 11— 3.70[-8.09, 15.49] 0.56
Lee 2019 [25] 12 24142 54 16 240.38 10.38 —t— 1.04[-5.42, 7.50] 1.80
Heterogeneity: T2 = 2.88, I = 22.72%, H2 = 1.29 R -1.43[-4.95, 2.09]
Testof 6,=6;: Q(2) =2.18, p = 0.34 :
Testof 6 =0:z=-0.80, p =0.43 |

|
>100 |
Alexander 2024 [18] 260 225 109 272 227 122 10— -0.20[-2.17, 1.77] 13.60
Le 2018 [26] 27 7.66 255 29 8.53 2.6 b -0.87[-2.22, 0.48] 21.09
Xu 2022 [23] 57 14 3.04 57 17.06 532 0' -3.06 [ -4.65, -1.47] 17.73
Le 2021 [24] 89 6.57 1.62 76 7.67 1.67 # -1.10[-1.60, -0.60] 36.43
Heterogeneity: T = 0.54, 12 = 58.33%, H? = 2.40 ¢ -1.30[-2.27, -0.33]
Test of 8, = 6;: Q(3) = 6.62, p = 0.09 |
Test of 8 = 0: z = -2.64, p = 0.01 |

|
Overall + -1.37[-2.26, -0.48]
Heterogeneity: T = 0.50, I = 42.15%, H? = 1.73 |
Test of 6, = 6: Q(6) =9.32, p=0.16 |
Test of © = 0: z = -3.03, p <0.001 |
Test of group differences: Q,(1) = 0.00, p = 0.94 :

10 0 10 20

Random-effects REML model

FIGURE 7: Forest plot of the time needed to reach full sucking feeds

sub-grouped by the sample size of each study.

Cl, confidence interval; Diff., difference; N, sample size; REML, restricted maximum likelihood; SD, standard

deviation
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Funnel plot and Galbraith plot were used to assess the publication bias and the statistical heterogeneity,
respectively, and by inspection, Xu et al. [23] visualized outside the 95% of the precision area, indicating its
heterogeneity from other included studies, as shown in Figures 8, 9.

Pseudo 95% CI
®  Studies
— Estimated 6,

FIGURE 8: Funnel plot of the time needed to reach full sucking feeds

with 95% CI.

Cl, confidence interval; Diff., difference
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FIGURE 9: Galbraith plot of the time needed to reach full sucking feeds
with 95% CI.

Cl, confidence interval; Diff., difference; SE, standard error

Regarding secondary endpoints, the pooled effect estimate showed no significant differences between the
intervention and the control groups in terms of the time needed to reach enteral feeds (MD = -2.87 days, 95%

CI[-5.99, 0.24], p=0.07; 12=98.72, p < 0.001), change in postmenstrual age (MD = 0.06 weeks, 95% CI [-0.14,
0.26], p=0.55; = 0.00%), parenteral nutrition (MD = -0.94 days, 95% CI [-2.03, 0.16], p = 0.09; %= 76.56),
length of hospital stay (MD = -2.56 days, 95% CI [-5.92, 0.8], p = 0.14; 12 = 97.09), and the incidence of
necrotizing enterocolitis (OR = 0.83, 95% CI [0.47, 1.49], p = 0.54; 2= 0.00%), as shown in Figures 10-14.

Intervention Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Iranmanesh 2014 [17] 46 11.22 3.24 46 21.65 6 -10.43 [ -12.40, -8.46] 16.94
Beker 2017 [15] 28 16.11 8.23 23 17.68 8.69 -1.57[ -6.22, 3.08] 12.92
Kuglk Alemdar 2020 [16] 30 9.4 229 30 11.31 534 -1.91[ -3.99, 0.17] 16.81
Alexander 2024 [18] 260 58 15 272 57 19 0.10[ -0.19, 0.39] 18.14
Le 2021 [24] 89 6,57 162 76 7.67 1.67 -1.10[ -1.60, -0.60] 18.09
Xu 2022 [23] 57 15635 532 57 17.71 4.56 -2.36[ -4.18, -0.54] 17.11

Overall

Heterogeneity: 12 = 13.86, I = 98.72%, H? = 78.04
Test of 6, = 8;: Q(5) = 124.92, p <0.001

Testof 8 =0:z=-1.81,p=0.07

-2.87[ -5.99, 0.24]

Random-effects REML model

FIGURE 10: Forest plot of the time needed to reach enteral feeds.

Cl, confidence interval; Diff., difference; N, sample size; REML, restricted maximum likelihood; SD, standard
deviation
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Intervention Control Mean diff. Weight

Study N Mean SD N Mean SD with 95% Cl (%)
Beker 2017 [15] 28 39.6 277 23 39.44 1.7 % 0.16[-1.14, 1.46] 2.41
Khodagholi 2018 [19] 16 3329 1.08 16 33.6 1.54 —1'— -0.31[-1.22, 0.60] 4.92
Beker 2021 [20] 196 395 35 199 39.3 234 —1:-0— 0.20[-0.39, 0.79] 11.80
Alexander 2024 [18] 260 37.39 1.43 272 3733 1.2 1} 0.06 [ -0.16, 0.28] 80.87
Overall + 0.06 [ -0.14, 0.26]
Heterogeneity: T2 = 0.00, I2 = 0.00%, H? = 1.00 i

Test of 6, = 6;: Q(3) = 0.88, p = 0.83 i

Testof 8=0:z=0.59, p=0.55 {

Ao 2

Random-effects REML model

FIGURE 11: Forest plot of the postmenstrual age.

Cl, confidence interval; Diff., difference; N, sample size; REML, restricted maximum likelihood; SD, standard

deviation

Intervention Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)

T

Beker 2017 [15] 28 165 11.3 23 187 146 : -220[-9.31, 491] 2.20
Beker 2021 [20] 196 132 22 199 12.7 16.2 —f—o— 0.50[-3.31, 4.31] 6.51
Alexander 2024 [18] 260 4.04 3.12 272 3.8 2.44 :GD 0.24[-0.23, 0.71] 28.67
Le 2018 [26] 27 911 221 29 10.17 2.62 -0 -1.06 [-2.33, 0.21] 21.49
Xu 2022 [23] 57 16.05 3.62 57 19.4 7.34 +: -3.35[-5.47, -1.23] 14.16
Le 2021 [24] 89 9.11 231 76 10.17 2.26 -1.06 [ -1.76, -0.36] 26.97
Overall -0.94[-2.03, 0.16]

Heterogeneity: 12 = 1.03, 12 = 76.56%, H? = 4.27

Test of 8 = 6: Q(5) = 19.18, p <0.001
Testof 6 =0:z=-1.67, p=0.09

Random-effects REML model

FIGURE 12: Forest plot of the need for parenteral nutrition.

Cl, confidence interval; Diff., difference; N, sample size; REML, restricted maximum likelihood; SD, standard

deviation
Intervention Control Mean diff. Weight

Study N Mean SD N Mean SD with 95% Cl (%)
Yildiz 2011 [21] 40 183 5.44 40 2285 9.05 -4.55[ -7.82, -1.28] 13.08
Iranmanesh 2014 [17] 46 14.57 3.58 46 26.28 6.5 @ -11.71[-13.85, -9.57] 14.07
Beker 2017 [15] 28 90.32 26.23 23 85.68 17.69 4.64[ -7.93, 17.21] 4.83
Khodagholi 2018 [19] 16 255 6 16 245 6.1 1.00[ -3.19, 5.19] 12.11
Alexander 2024 [18] 260 25 119 272 247 1 0.30[ -1.65, 2.25] 14.22
Le 2018 [26] 27 1354 152 29 1376 1.74 -0.22[ -1.08, 0.64] 14.79
Xu 2022 [23] 57 26.41 9.12 57 31.71 137 —0+ -5.30[ -9.57, -1.03] 12.02
Le 2021 [24] 89 1354 152 76 1376 1.74 -0.22[ -0.72, 0.28] 14.88
Overall -2.56[ -5.92, 0.80]

Heterogeneity: 12 = 19.67, |2 = 97.09%, H2 = 34.32

Test of 6, = 6;: Q(7) = 118.15, p <0.001
Testof 6=0:2=-1.49,p=0.14

Random-effects REML model

FIGURE 13: Forest plot of the length of hospital stay.

Cl, confidence interval; Diff., difference; N, sample size; REML, restricted maximum likelihood; SD, standard

deviation
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Intervention Control Odds ratio Weight
Study Event Total Event Total with 95% ClI (%)
1
Beker 2017 [15] 3 28 4 23 o—! 0.62[0.12, 3.04] 13.31
Beker2021[20] 12 196 11 188 —HD— 1.05[0.45, 2.43] 47.75
Le 2021 [24] 9 89 11 76 —O— 0.70[0.27, 1.78] 38.94
1
Overall Ee— 0.83[0.47, 1.49]

Heterogeneity: 12 = 0.00, 1> = 0.00%, H? = 1.00 E
Test of 6, = 6;: Q(2) = 0.56, p = 0.76 i

1
Testof 6 =0:z=-0.61, p =0.54 ]

0125 025 05 1 2

Random-effects REML model

FIGURE 14: Forest plot of the incidence of necrotizing enterocolitis.

Cl, confidence interval; REML, restricted maximum likelihood

Leave-one-out sensitivity analyses were performed for the time needed to reach enteral feeds, parenteral
nutrition, and hospital stay, of which, upon excluding Iranmanesh et al. [17], the intervention group showed
a significantly reduced amount of time needed to reach the enteral feedings (MD = -1.05 days, 95% CI [-2.09,
-0.01], p = 0.048), and upon excluding Alexander et al. [18], the intervention group showed a significant
reduction in the need of parenteral nutrition (MD = -1.2 days, 95% CI [-1.78, -0.62], p < 0.001); however, no
single study had a disproportional effect on the overall effect estimate of the length of the hospital stay, as
shown in Figures 15-17.

Mean diff.
Omitted study with 95% ClI p-value
Iranmanesh 2014 [17] —e—  -1.05[-2.09, -0.01] 0.048
Beker 2017 [15] -3.08 [ -6.70, 0.54] 0.096
Kiiglik Alemdar 2020 [16] -3.07[-6.85, 0.70] 0.111
Alexander 2024 [18] -3.53[-7.06, -0.00] 0.050
Le 2021 [24] -3.26[-7.01, 0.48] 0.087
Xu 2022 [23] -2.98[-6.79, 0.82] 0.124

Random-effects REML model

FIGURE 15: Leave-one-out sensitivity analysis plot of the time needed
to reach enteral feeds with 95% CI.

Cl, confidence interval; Diff., difference
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Mean diff.
Omitted study with 95% Cl p-value
Beker 2017 [15] Y (— -0.91[-2.03, 0.21] 0.112
Beker 2021 [20] -1.07[-2.27, 0.14] 0.084
Alexander 2024 [18] — -1.20[-1.78, -0.62] <0.001
Le 2018 [26] -0.97[-2.46, 0.52] 0.201
Xu 2022 [23] — -0.51[-1.37, 0.35] 0.248
Le 2021 [24] -0.97[-2.52, 0.58] 0.219

Random-effects REML model

FIGURE 16: Leave-one-out sensitivity analysis plot of the need for
parenteral nutrition with 95% CI.

Cl, confidence interval; Diff., difference

Mean diff.
Omitted study with 95% ClI p-value
Yildiz 2011 [21] . -2.23[-6.08, 1.63] 0.257
Iranmanesh 2014 [17] —_— -0.88[-2.36, 0.59] 0.241
Beker 2017 [15] . -2.92[-6.38, 0.53] 0.097
Khodagholi 2018 [19] . -3.04[-6.72, 0.64] 0.106
Alexander 2024 [18] -3.01[-6.79, 0.77] 0.119
Le 2018 [26] -2.93[-6.78, 0.92] 0.135
Xu 2022 [23] -2.16[-5.93, 1.62] 0.264
Le 2021 [24] . -2.93[-6.78, 0.92] 0.135

Random-effects REML model

FIGURE 17: Leave-one-out sensitivity analysis plot of the length of
hospital stay with 95% CI.

Cl, confidence interval; Diff., difference

Discussion

Our meta-analysis is the most comprehensive study to assess the impact of smell and taste sensation on the
clinical outcomes of preterm infants aged 24-34 weeks of gestation including 12 RCTs comprising 1,638
infants. We found that smell and taste as an intervention was associated with a 1.37 day less time needed to
reach the full sucking feeds compared to the control group. Moreover, our findings were consistent in
cohorts with <1,500 g weight at admission, studies with >100 participants, and those allocated to the smell
sensation only. However, we found no difference between the two studied groups regarding enteral feeds,
postmenstrual age, parenteral nutrition, hospital stay, or the incidence of necrotizing enterocolitis.
Additionally, sensitivity analyses showed that the intervention group was associated with a reduced amount
of time needed to reach the enteral feedings and the need for parenteral nutrition.

Preterm infants tend to have longer NICU stays due to the severity of their medical condition, low
gestational age, and low birth weight. Moreover, longer NICU stays were associated with severe
complications as developmental delay, necrotizing enterocolitis, long-term separation of parent-infant
relationship, and high medical costs related to the NICU stay [27] Therefore, a medical non-invasive
intervention aiming to achieve faster maturation of oral feeding, which is the major determinant of the
length of NICU stay, is warranted in such medical conditions [28]. Sensory stimulation and specific
interventions such as the use of mother’s milk offered the benefit of allowing mothers to take care of their
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preterm infants [28].

In our study, we found that the smell and taste of mother’s milk reduced the time needed to reach oral feeds
compared to the no-intervention group. In alignment with our findings, Bingham et al. [29] found that smell
stimulation via mother’s milk increased the nutritive sucking during gavage feeding. Although the sensation
of chemosensory stimulators was unclear, the stimulation of retronasal olfactory cells during the gavage
feeding might have affected the behavior of gavage feeding positively [29].

Subgroup analysis based on the type of exposure in our study revealed that only the smell subgroup had
better outcomes compared to the combination of smell and taste intervention to reach the oral feeds. In
another study by Yildiz et al. [21], the smell intervention was associated with a lower time needed to reach
oral feeds in the intervention arm, highlighting that the success to reach oral feeds depends on the
successful coordination of four mechanisms: sucking, respiration, swallowing, and the development of
neurological maturation of muscles responsible for sucking techniques [21]. Moreover, stimulation of smell
of odor via mother’s milk led to an earlier maturation of preterm infants and the sucking behavior.
Additionally, although preterm infants tend to have lower birth weight, introducing nutritive odors could
graduate preterm infants to earlier oral feeding [30]. This finding was proved by our subgroup analysis based
on the birth weight at admission, of which preterm infants who had a birth weight of <1,500 g tend to
benefit much more and to reach the full sucking feeds compared to those who had a birth weight of >1,500 g
at admission.

We found that the time needed to reach enteral feeds was comparable between the intervention and no-
intervention groups, although upon sensitivity analysis by excluding Iranmanesh et al. [17], the intervention
group showed a decrease in the time needed to reach enteral feeds. The current finding was aligned with
previous studies that demonstrated similar effects on the odor or taste interventions compared to the
control group [31]. In a study by Beker et al. [20], there was no significant difference between the two groups
regarding the time to reach enteral feeds; however, in an adjusted survival analysis, there was a trend of
benefit in preterm infants who were allocated to regular smell and taste intervention. Their findings could
be attributed to the enhanced cephalic-phase response, improvement in absorption, and metabolism of
nutrients and digestion, all of which aided in the regulation of appetite in their preterm infants.

Although the mechanism of cephalic-phase response is yet to be examined, some indications such as brain
tissue oxygenation tend to change in circumstances related to the exposure to pleasant or unpleasant smells
[32,33]. Moreover, the current finding confirms the greater tendency of the preterm infants to breastfeed
once they were fed from their mother’s milk for the first time, which could be attributed to the improvement
in sucking skills via several olfactory stimulation sessions and the independent behavior of the preterm
infant to feed after the end of the stimuli, suggesting the ability of the infants to continue oral feeding at a
lower PMA [34].

Our results are in alignment with previous systematic reviews and meta-analyses suggesting that smell and
taste sensation might aid in reducing the time needed to reach oral and enteral feeds [31,35]. On the other
hand, a systematic review and meta-analysis by Cochrane [36] found little to no effect on the time needed to
reach oral or enteral feeds with very low-certainty evidence. The difference from our reported results may be
due to their inclusion of only seven RCTs including 1,244 infants and we included 12 RCTs comprising 1,747
infants. Additionally, we tested the primary outcome to subgroup analyses based on the birth weight at
admission, and the sample size of each included RCT that were not studied in the previous meta-analyses.

Our study highlighted the exposure of smell and taste sensation to preterm infants during the NICU stay
owing to their beneficial effects on the time needed to reach oral feeds and the time needed to reach enteral
feeds. Although we found no significant difference in terms of hospital stay, significant heterogeneity was
found, which could alleviate the results. Also, we found no difference regarding the incidence of necrotizing
enterocolitis, which is the major determinant of NICU mortality in preterm infants. We, therefore, highlight
the beneficial effect of smell and taste sensation in preterm infants, and clinicians should pay high
attention to smell and taste experience, considering the necessity of food, which is vital for human beings.

This research has several limitations, including the small number of studies included and the small
corresponding sample size. Additional limitations involve the lack of adequate information in many studies
regarding key baseline characteristics, such as head circumference and APGAR scores at 1 and 5 minutes;
however, we performed key sensitivity analyses on birth weight, type of exposure, and sample size to
account for the heterogeneity found. Furthermore, nearly half of the studies raised "some concerns of bias,"
which could lower the impact of the current findings.

Conclusions

In the meta-analysis including 12 RCTs, we observed that smell and taste sensation was associated with a
reduced time needed to reach full sucking feeds, with a safe profile concerning necrotizing enterocolitis.
These findings suggest that sensory interventions could be a valuable addition to the care of preterm
infants. However, given the heterogeneity in study designs and sample sizes, large-volume RCTs with more
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robust methodologies and long-term follow-up are warranted to confirm and further validate the current
findings. Such studies should also explore the potential long-term developmental impacts of these
interventions on preterm infants.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Ahmed Abu-Zaid

Acquisition, analysis, or interpretation of data: Ahmed Abu-Zaid, Sarah Alenezi, Manal Aldaihani,
Sabah Algabandi, Ahmad A. Alkandari, Bader A. Almukaimi, Latifah Almutairi, Mohamed Abualqassim, Ziad
A. Kanaan, Manaal H. Ameen, Yara H. Farahat

Drafting of the manuscript: Ahmed Abu-Zaid, Sarah Alenezi, Manal Aldaihani, Ahmad A. Alkandari,
Bader A. Almukaimi, Latifah Almutairi, Mohamed Abualgassim, Ziad A. Kanaan, Manaal H. Ameen, Yara H.
Farahat

Supervision: Ahmed Abu-Zaid

Critical review of the manuscript for important intellectual content: Sarah Alenezi, Manal Aldaihani,
Sabah Algabandi, Ahmad A. Alkandari, Bader A. Almukaimi, Latifah Almutairi, Mohamed Abualqassim, Ziad
A. Kanaan, Manaal H. Ameen, Yara H. Farahat

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Ohuma EO, Moller AB, Bradley E, et al.: National, regional, and global estimates of preterm birth in 2020,
with trends from 2010: a systematic analysis. Lancet. 2023, 402:1261-71. 10.1016/50140-6736(23)00878-4
2. Perin ], Mulick A, Yeung D, et al.: Global, regional, and national causes of under-5 mortality in 2000-19: an
updated systematic analysis with implications for the Sustainable Development Goals. Lancet Child Adolesc
Health. 2022, 6:106-15. 10.1016/52352-4642(21)00311-4
3. Johnson S, Evans TA, Draper ES, et al.: Neurodevelopmental outcomes following late and moderate
prematurity: a population-based cohort study. Arch Dis Child Fetal Neonatal Ed. 2015, 100:F301-8.
10.1136/archdischild-2014-307684
4.  Crump C, Winkleby MA, Sundquist K, Sundquist J: Risk of hypertension among young adults who were born
preterm: a Swedish national study of 636,000 births. Am ] Epidemiol. 2011, 173:797-803.
10.1093/aje/kwq440
5. Crump C, Winkleby MA, Sundquist K, Sundquist J: Risk of diabetes among young adults born preterm in
Sweden. Diabetes Care. 2011, 34:1109-13. 10.2337/dc10-2108
6. Fenton TR, Cormack B, Goldberg D, et al.: "Extrauterine growth restriction” and "postnatal growth failure"
are misnomers for preterm infants. ] Perinatol. 2020, 40:704-14. 10.1038/s41372-020-0658-5
7.  Wilkinson D, Andersen C, O'Donnell CP, De Paoli AG, Manley BJ: High flow nasal cannula for respiratory
support in preterm infants. Cochrane Database Syst Rev. 2016, 2:CD006405.
10.1002/14651858.CD006405.pub3
8. Thoene M, Anderson-Berry A: Early enteral feeding in preterm infants: a narrative review of the nutritional,
metabolic, and developmental benefits. Nutrients. 2021, 13:2289. 10.3390/nu13072289
9. Maier JX: Single-neuron responses to intraoral delivery of odor solutions in primary olfactory and gustatory
cortex. ] Neurophysiol. 2017, 117:1293-304. 10.1152/jn.00802.2016
10.  Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71
11.  Cochrane Handbook for Systematic Reviews of Interventions. Higgins JP, Thomas J, Chandler ], Cumpston
M, Li T, Page MJ, Welch VA (ed): Cochrane, London; 2024.
12.  Endnote. (2024). Accessed: October 1, 2024: https://endnote.com/.
13.  Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A: Rayyan-a web and mobile app for systematic
reviews. Syst Rev. 2016, 5:210. 10.1186/s13643-016-0384-4
14.  Sterne JA, Savovic ], Page M], et al.: RoB 2: a revised tool for assessing risk of bias in randomised trials . BMJ.
2019, 366:14898. 10.1136/bm;j.14898
15. Beker F, Opie G, Noble E, Jiang Y, Bloomfield FH: Smell and taste to improve nutrition in very preterm
infants: a randomized controlled pilot trial. Neonatology. 2017, 111:260-6. 10.1159/000450883

2024 Alenezi et al. Cureus 16(12): e76110. DOI 10.7759/cureus.76110 15of 16


https://dx.doi.org/10.1016/S0140-6736(23)00878-4
https://dx.doi.org/10.1016/S0140-6736(23)00878-4
https://dx.doi.org/10.1016/S2352-4642(21)00311-4
https://dx.doi.org/10.1016/S2352-4642(21)00311-4
https://dx.doi.org/10.1136/archdischild-2014-307684
https://dx.doi.org/10.1136/archdischild-2014-307684
https://dx.doi.org/10.1093/aje/kwq440
https://dx.doi.org/10.1093/aje/kwq440
https://dx.doi.org/10.2337/dc10-2108
https://dx.doi.org/10.2337/dc10-2108
https://dx.doi.org/10.1038/s41372-020-0658-5
https://dx.doi.org/10.1038/s41372-020-0658-5
https://dx.doi.org/10.1002/14651858.CD006405.pub3
https://dx.doi.org/10.1002/14651858.CD006405.pub3
https://dx.doi.org/10.3390/nu13072289
https://dx.doi.org/10.3390/nu13072289
https://dx.doi.org/10.1152/jn.00802.2016
https://dx.doi.org/10.1152/jn.00802.2016
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://training.cochrane.org/handbook/current
https://endnote.com/
https://endnote.com/
https://dx.doi.org/10.1186/s13643-016-0384-4
https://dx.doi.org/10.1186/s13643-016-0384-4
https://dx.doi.org/10.1136/bmj.l4898
https://dx.doi.org/10.1136/bmj.l4898
https://dx.doi.org/10.1159/000450883
https://dx.doi.org/10.1159/000450883

Cureus

Part of SPRINGER NATURE

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Kiiciik Alemdar D, inal S: The effect of individualized developmental care practices in preterm infants .
Complement Med Res. 2020, 27:97-104. 10.1159/000504357

Iranmanesh S, Shamsi A, Pour AB, Movahedi Z: The effect of breast milk odor on transition time from
gavage to oral feeding and hospital stay in premature infants. Infant Child Adolesc Nutr. 2015, 7:5-11.
10.1177/1941406414563390

Alexander T, Asadi S, Meyer M, et al.: Nutritional support for moderate-to-late-preterm infants - a
randomized trial. N Engl ] Med. 2024, 390:1493-504. 10.1056/NE]Moa2313942

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. Iran J Child Neurol. 2018, 12:55-
64.

Beker F, Liley HG, Hughes IP, Jacobs SE, Macey |, Twitchell E, Davis PG: Effects on growth of smell and taste
of milk during tube feeding of preterm infants: a randomized clinical trial. JAMA Pediatr. 2021, 175:1115-23.
10.1001/jamapediatrics.2021.2336

Yildiz A, Arikan D, Goziim S, Tastekin A, Budancamanak I: The effect of the odor of breast milk on the time
needed for transition from gavage to total oral feeding in preterm infants. ] Nurs Scholarsh. 2011, 43:265-73.
10.1111/§.1547-5069.2011.01410.x

Davidson J, Ruthazer R, Maron JL: Optimal timing to utilize olfactory stimulation with maternal breast milk
to improve oral feeding skills in the premature newborn. Breastfeed Med. 2019, 14:230-5.
10.1089/bfm.2018.0180

XuD, Lin M, Huang Z, et al.: Effect of breast milk olfactory stimulation combined with non-nutritive
sucking of premature infants. ] Nurs Sci. 2022, 37:28-31. 10.3870/j.issn.1001-4152.2022.15.028

Le Q, Chen Y, Wu L, Lan H, Wang H, Deng X: Effect of olfactory and gustatory stimulation on premature
infants fed by tube feeding. ] Nurs Sci. 2021, 36:32-34. 10.3870/j.issn.1001-4152.2021.19.032

Lee EJ: [The effects of breast milk olfactory stimulation on physiological responses, oral feeding progression
and body weight in preterm infants]. ] Korean Acad Nurs. 2019, 49:126-36. 10.4040/jkan.2019.49.2.126

Le Q, Wu L, Zhang L, Zhou F: Effect of multisensory intervention on oral feeding in premature infants . J of
Nurs Sci. 2018, 33:22-4.

Kartam M, Embaireeg A, Albalool S, Almesafer A, Hammoud M, Al-Hathal M, Ayed M: Late-onset sepsis in
preterm neonates is associated with higher risks of cerebellar hemorrhage and lower motor scores at three
years of age. Oman Med J. 2022, 37:e368. 10.5001/0mj.2022.41

Greene Z, O'Donnell CP, Walshe M: Oral stimulation for promoting oral feeding in preterm infants .
Cochrane Database Syst Rev. 2016, 9:CD009720. 10.1002/14651858.CD009720.pub2

Bingham PM, Abassi S, Sivieri E: A pilot study of milk odor effect on nonnutritive sucking by premature
newborns. Arch Pediatr Adolesc Med. 2003, 157:72-5.

Bingham PM, Churchill D, Ashikaga T: Breast milk odor via olfactometer for tube-fed, premature infants.
Behav Res Methods. 2007, 39:630-4. 10.3758/bf03193035

QinY, Liu S, Yang Y, Zhong Y, Hao D, Han H: Effects of human milk odor stimulation on feeding in
premature infants: a systematic review and meta-analysis. Sci Rep. 2024, 14:8964. 10.1038/s41598-024-
59175-4

Bartocci M, Winberg ], Papendieck G, Mustica T, Serra G, Lagercrantz H: Cerebral hemodynamic response to
unpleasant odors in the preterm newborn measured by near-infrared spectroscopy. Pediatr Res. 2001,
50:324-30. 10.1203/00006450-200109000-00006

Bartocci M, Winberg ], Ruggiero C, Bergqvist LL, Serra G, Lagercrantz H: Activation of olfactory cortex in
newborn infants after odor stimulation: a functional near-infrared spectroscopy study. Pediatr Res. 2000,
48:18-23. 10.1203/00006450-200007000-00006

Raimbault C, Saliba E, Porter RH: The effect of the odour of mother's milk on breastfeeding behaviour of
premature neonates. Acta Paediatr. 2007, 96:368-71. 10.1111/j.1651-2227.2007.00114.x

Zhang D, Lu Q, Li L, Wang X: Effects of olfactory and/or gustatory stimuli on feeding of preterm infants: a
systematic review and meta-analysis. PLoS One. 2024, 19:e0301186. 10.1371/journal.pone.0301186

Delgado Paramo L, Bronnert A, Lin L, Bloomfield FH, Muelbert M, Harding JE: Exposure to the smell and
taste of milk to accelerate feeding in preterm infants. Cochrane Database Syst Rev. 2024, 5:CD013038.
10.1002/14651858.CD013038.pub3

2024 Alenezi et al. Cureus 16(12): e76110. DOI 10.7759/cureus.76110

16 of 16


https://dx.doi.org/10.1159/000504357
https://dx.doi.org/10.1159/000504357
https://dx.doi.org/10.1177/1941406414563390
https://dx.doi.org/10.1177/1941406414563390
https://dx.doi.org/10.1056/NEJMoa2313942
https://dx.doi.org/10.1056/NEJMoa2313942
https://pubmed.ncbi.nlm.nih.gov/30279709/
https://dx.doi.org/10.1001/jamapediatrics.2021.2336
https://dx.doi.org/10.1001/jamapediatrics.2021.2336
https://dx.doi.org/10.1111/j.1547-5069.2011.01410.x
https://dx.doi.org/10.1111/j.1547-5069.2011.01410.x
https://dx.doi.org/10.1089/bfm.2018.0180
https://dx.doi.org/10.1089/bfm.2018.0180
https://dx.doi.org/10.3870/j.issn.1001-4152.2022.15.028
https://dx.doi.org/10.3870/j.issn.1001-4152.2022.15.028
https://dx.doi.org/10.3870/j.issn.1001-4152.2021.19.032
https://dx.doi.org/10.3870/j.issn.1001-4152.2021.19.032
https://dx.doi.org/10.4040/jkan.2019.49.2.126
https://dx.doi.org/10.4040/jkan.2019.49.2.126
https://med.wanfangdata.com.cn/Paper/Detail/PeriodicalPaper_hlxzz201801007
https://dx.doi.org/10.5001/omj.2022.41
https://dx.doi.org/10.5001/omj.2022.41
https://dx.doi.org/10.1002/14651858.CD009720.pub2
https://dx.doi.org/10.1002/14651858.CD009720.pub2
https://pubmed.ncbi.nlm.nih.gov/12517198/
https://dx.doi.org/10.3758/bf03193035
https://dx.doi.org/10.3758/bf03193035
https://dx.doi.org/10.1038/s41598-024-59175-4
https://dx.doi.org/10.1038/s41598-024-59175-4
https://dx.doi.org/10.1203/00006450-200109000-00006
https://dx.doi.org/10.1203/00006450-200109000-00006
https://dx.doi.org/10.1203/00006450-200007000-00006
https://dx.doi.org/10.1203/00006450-200007000-00006
https://dx.doi.org/10.1111/j.1651-2227.2007.00114.x
https://dx.doi.org/10.1111/j.1651-2227.2007.00114.x
https://dx.doi.org/10.1371/journal.pone.0301186
https://dx.doi.org/10.1371/journal.pone.0301186
https://dx.doi.org/10.1002/14651858.CD013038.pub3
https://dx.doi.org/10.1002/14651858.CD013038.pub3

	Effect of Smell and Taste of Milk on Feeding Parameters in Preterm Neonates: An Updated Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Methods
	Results
	FIGURE 1: The PRISMA flow diagram for literature search and study selection.
	TABLE 1: Summary of the included studies.
	TABLE 2: Summary of the baseline characteristics of the included studies.
	FIGURE 2: Summary of the risk of bias of the included studies.
	FIGURE 3: Forest plot of the time needed to reach full sucking feeds.
	FIGURE 4: Leave-one-out sensitivity analysis plot of the time needed to reach full sucking feeds with 95% CI.
	FIGURE 5: Forest plot of the time needed to reach full sucking feeds sub-grouped by the weight at admission.
	FIGURE 6: Forest plot of the time needed to reach full sucking feeds sub-grouped by the type of exposure.
	FIGURE 7: Forest plot of the time needed to reach full sucking feeds sub-grouped by the sample size of each study.
	FIGURE 8: Funnel plot of the time needed to reach full sucking feeds with 95% CI.
	FIGURE 9: Galbraith plot of the time needed to reach full sucking feeds with 95% CI.
	FIGURE 10: Forest plot of the time needed to reach enteral feeds.
	FIGURE 11: Forest plot of the postmenstrual age.
	FIGURE 12: Forest plot of the need for parenteral nutrition.
	FIGURE 13: Forest plot of the length of hospital stay.
	FIGURE 14: Forest plot of the incidence of necrotizing enterocolitis.
	FIGURE 15: Leave-one-out sensitivity analysis plot of the time needed to reach enteral feeds with 95% CI.
	FIGURE 16: Leave-one-out sensitivity analysis plot of the need for parenteral nutrition with 95% CI.
	FIGURE 17: Leave-one-out sensitivity analysis plot of the length of hospital stay with 95% CI.

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


