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Abstract
Introduction. Premature infants undergo a lot of stressful procedures during care and treatment procedure, which 
may lead to weight changes. Multisensory stimulation is a broad classification of interventions designed to improve 
the developmental and physiological outcomes of preterm infants admitted to the neonatal intensive care unit 
(NICU). The aim of this study was to evaluate the effect of multisensory stimuli on weight gain in preterm infants 
admitted to the NICU. 
Materials and methods. This study was a two-group randomized controlled trial (multisensory stimulation and 
control group). Forty preterm infants admitted to the NICU who met the inclusion criteria were selected. The inter-
vention method was a multisensory stimulation program including auditory stimulation, tactile stimulation, visual 
stimulation and vestibular stimulation, which were performed by the researcher for 12 min (each stimulation lasting 
for 3 min). The infant nutrition was monitored and recorded during the intervention and the infant’s weight was 
measured after changing diapers every morning for a 7 days. It was conducted in the two groups using a calibrated 
scale of confirmed validity and reliability. Data were analyzed using SPSS 20 software, paired t-test and independ-
ent t-test.
Results. Based on the findings of the present study, an upturn was observed in weight gain of preterm infants as a 
result of multisensory intervention. This indicates that the intervention improves weight gain in premature infants. 
Conclusions. Since premature infants are usually hospitalized in the NICU for a long time due to their low weight 
and poor physical condition, they are mostly cared by nurses. Hence, considering its positive outcomes, besides 
specialized care, this effective and very low cost method could be used by nurses to promote weight gain and ear-
ly discharge of preterm infants.
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INTRODUCTION

One of the major health indicators of a country 
is its infant mortality rate (1). A preterm infant is a 
live neonate born before 37 full weeks of pregnan-
cy (2). Despite advances in the medical sciences, 
the rate of preterm births is still on rise (3). Ac-
cording to the latest statistics released by the World 

Health Organization, premature infants account 
for 11.1% of births (4). Of four million babies born 
in the United States each year, an average of 5.12% 
are premature (5). Iran is also one of the countries 
with a high prevalence of preterm labor so that 
premature infants comprise about 10% of births 
(6). One of the most common problems in infants 
is low birth weight, which is a key indicator of 
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health in the society (7,8). Weight is one of the 
main determinants of physical and cerebral growth 
in infants, especially premature infants. Infants 
represent a highly vulnerable group of the society, 
and the lower birth weight makes them even more 
susceptible to various factors. Thus, birth weight is 
one of the leading causes of neonatal mortality in 
the world (9,10). Infants with low birth weight are 
particularly prone to problems such as senso-
ry-neurological disorders, cerebral palsy, cognitive 
and speech delays, neuromotor and visual impair-
ments, hearing loss, behavioral, psychosocial, and 
school dysfunction (11). Most low birth weight in-
fants suffer from multiple disabilities (12), which 
may persist until school age and beyond (13). Pre-
mature infants also have an extremely vulnerable 
nervous system that undergoes the fastest period of 
brain development in the extrauterine environment 
(14). The growth rate of the central nervous system 
(CNS) is considerably fast in the third trimester of 
fetal development (15). Given that with premature 
birth, CNS growth is inevitably sustained outside 
the uterus and in the NICU, it may be significantly 
affected by the environment (16). These infants 
had to be admitted to NICU in the first weeks of 
months of life due to a plethora of problems relat-
ed to prematurity, such as breathing, nutritional, 
body temperature, jaundice, and other disorders 
(17). Maintaining physiological stability and 
weight gain are vital for premature infant discharge 
(8,9). Since the digestion system of premature in-
fants is weak, it must be improved through various 
interventions. Pharmacological and non-pharma-
cological interventions can be beneficial for this 
purpose. However, in pharmacological interven-
tions, nurses are often in charge of administering 
drugs, and the medicine may have deleterious ef-
fects on weak infants (18).

Non-pharmacological methods such as multi-
sensory stimulation, skin-to-skin contact (19), 
breastfeeding (20) and non-nutritive sucking (21) 
can be used to avoid the harmful effects of phar-
macological methods. These techniques can effec-
tively improve infant responses through the in-
volvement of various tactile, balance-motor, 
tactile, or olfactory systems (22,23). Among these 
techniques, multisensory stimulation is a relatively 
novel intervention that is inspired by the principles 
of sensory stimulation therapy (7). Since 1960, re-
searchers have proposed different types of multi-

sensory stimulation for hospitalized preterm in-
fants in order to simulate the intrauterine 
environment in the first weeks of life, and there-
fore maintain and facilitate development of the 
preterm infant. 

Sensory saturation or multisensory stimulation is 
a non-pharmacological method to prevent pain-in-
duced physiological changes in infants during 
stressful procedures, which is currently part of the 
national guidelines for neonatal pain alleviation (7). 
The stimulation programs include a combination of 
auditory, motor, and visual stimulation, with report-
ed positive outcomes in both healthy preterm in-
fants and infants suffering from premature compli-
cations (24). Research on premature infants has 
shown that sensory stimulation, both separately and 
as a multisensory stimulus, produces positive out-
comes in the evolutionary and physiological pro-
cess such as weight gain, stress reduction, decreased 
heart rate and positive behavioral changes (9). The 
study of Nasimi et al. (2015) suggested that multi-
sensory stimulation is a safe and reliable technique 
for weight gain in premature infants, and nurses can 
employ this effective and low-cost method to attain 
this goal (7). It has been shown that various multi-
sensory stimulation techniques can help mitigate 
some of the adverse neurological effects of preterm 
birth and the adverse consequences associated with 
long-term hospitalization (10). Given that infants 
respond to reactions only through behavioral chan-
nels, it is necessary to draw on the expertise and 
clinical skills of the nurse in infant care to under-
stand the infant’s behaviors. So far, several evolu-
tionary models for neonatal care have been pro-
posed for nurses. The professional position of nurses 
should not be constrained to specialized clinical 
work such as arterial blood sampling intubation, 
etc., and the evolutionary interventions should be 
revisited from a different angle (15). Therefore, one 
of the proposed strategies for weight gain and stabi-
lization of the physiological state of preterm infants 
is multisensory stimulation program. The aim of 
this study was to determine the effect of multisenso-
ry stimuli on weight gain in preterm infants admit-
ted to the NICU.

MATERIAL AND METHODS

This randomized controlled trial study was per-
formed on 80 premature infants admitted to the 
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NICU of Amir Al-Momenin Hospital in Zabol. Af-
ter receiving the code of ethics (IR.ZBMU.
REC.1398.102), a letter of introduction from the 
School of Nursing and Midwifery and permission 
from the officials of Amir Al-Momenin Hospital in 
Zabol, we studied premature infants admitted to 
the NICU of Amir Al-Momenin Hospital Zabol 
city who met the inclusion criteria. The criteria 
consisted of a gestational age of 34-30 weeks, 
1500-3000 g weight, lack of need for mechanical 
ventilation or oral feeding through gavage, lack of 
congenital anomalies, jaundice, eye infection, se-
vere respiratory infections, and asphyxia, no histo-
ry of cardiopulmonary resuscitation, a 5-min  
Apgar score of above 6, and parental consent. In 
case of considerable changes in hemodynamic sta-
bility, gastroenteritis, CNS injuries, development 
of genetic or metabolic diseases during the inter-
vention, infant death and unwillingness and with-
drawal of the mother from the research, the infants 
was excluded from the study.

The sample size (n = 80) was calculated from 
previous studies using the formula for the compar-
ison of means in two groups with a confidence lev-
el (CI) of 95% and a test power of 90%. Initially, 
the participants were selected using available sam-
pling method and then randomized into two inter-
vention and control groups. The intervention meth-
od received a multi-sensory stimulation including 
auditory stimulation, tactile stimulation, visual 
stimulation and vestibular stimulation, which was 
performed by the researcher for 12 min (each stim-
ulation for 3 min). Tactile stimulation was applied 
by massaging the infant’s limbs for 3 min (while 
the infant was lying on her side, once on her right 
side and then on the left side). Six moderate-pres-
sure tactile stimulations were applied to the head, 
shoulders, hands, back and feet by the fingers each 
for 10 seconds (25). The auditory stimulation in-
volved playing a lullaby song in the incubator for 
3 min (a traditional Iranian lullaby sang with a fe-
male voice and played by an Mp3 player in the 
incubator with an intensity of 65 to 75 dB (23). 
The visual stimulation was produced by hanging 
black and white cards inside the incubator for 3 
min. The vestibular stimulation was provided by 
vertical and horizontal shaking of the infant for 3 
min (to do so, the baby was moved up and down on 
the ramp of the incubator and spun once to the left 

and once to the right to simulate a horizontal move-
ment (13).

Stimulations were provided to calm and alert 
infants 30 min before meals for 12 min over 7 con-
secutive days along with routine care. The control 
group received only routine care. During the stim-
ulation, the neonates were monitored for any signs 
of stress every 10 seconds without interrupting the 
stimulation. The intervention was halted for 15 
seconds and then resumed if one of the stress 
symptoms emerged. If the stress symptoms re-
curred three times in a row, the intervention would 
be terminated in that session. The infant nutrition 
was monitored and recorded during the interven-
tion and the infant’s weight was measured after 
changing diapers every morning for a 7 days. It 
was performed in the two groups using a calibrated 
scale with confirmed validity and reliability. 
Weight was measured first prior to the intervention 
and then the day after intervention and continued 
daily to compare weight changes with the previous 
day. Data were analyzed using SPSS20 software as 
well as paired t-test and independent t-test.

RESULTS

According to the findings, 50% (n = 20) of in-
fants in the intervention group were female and 
50% (n=20) were male. In the control group, 
47.5% were female (n = 19) and 52.5% were male 
(21%). The mean gestational age was 32.1±32.07 
weeks in the intervention group and in 32.37 ±1.33 
in the control group. According to the independent 
t-test, there was no statistically significant differ-
ence between the two groups in terms of sex, ges-
tational age, age of entering the study and birth 
weight (Table 1).

The mean weight of infants on the first day 
pre-intervention was 1872.5±466.59 gr in the con-
trol group, which increased to 1883± 465.28 gr af-
ter intervention. According to the paired t-test, this 
weight gain was significant in the control group. 
The mean weight on the first day pre-intervention 
was 1834.6+367 in the intervention group, which 
surged to 1844.75 +368.18 post-intervention. 

According to the paired t-test, this weight gain 
was significant in the intervention group compared 
to the pre-intervention (p ˂  0.001). However, based 
on independent t-test, there was no statistically 
significant difference between the intervention and 
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control groups one day before and after the inter-
vention (p = 0.68). Weight changes on the first and 
second days in the intervention group demonstrat-
ed a significant decline (p ˂ 0.001), but in the con-
trol group, a non-significant weight gain (p = 0.07). 
There was no statistically significant difference 
between the intervention and control groups in 
terms of weight changes on the first and second 
days (p = 0.56). Weight changes on the second and 
third, third and fourth, fourth and fifth, and fifth 
and sixth days in both intervention and control 
groups took an upturn. The weight gain was signif-
icant in the intervention group (p ˂ 0.05) and 
non-significant in the control group (p < 0.05). 
Weight changes on the sixth and seventh days in 
the intervention group revealed a significant 
growth (p ˂ 0.05) but in the control group, weight 
dropped but this weight loss was not statistically 
significant (Table 2). 

DISCUSSION 

The results demonstrated that the multisensory 
stimulation intervention had a significant effect on 
weight gain in premature infants. The study of Ma-
jella et al. (2014) on the impact of tactile and audi-
tory stimulation on rapid weight gain in premature 
infants induced also showed that premature infants 
receiving tactile and auditory stimulation experi-
enced higher weight gain than premature infants in 
the control group (27), which is consistent with the 
findings of the present study. Ghomi et al. (2019) 
also investigated the effects of sensory stimulation 
(28). To do so, they explored the effects of oral 
motor intervention on oral feeding of preterm in-
fants, with their results suggesting that infants in 
the intervention group began the first oral feeding 
(with an average of 7.2 days) as well as eight oral 
feedings per day (with an average of 13.4 days) 

TABLE 1. Demographic characteristics of premature infants admitted to the NICU
Group
Variable                                      

Intervention
Standard deviation ± mean

Control
Standard deviation ± mean

Independent t-test results

Fetal weight 8581.52±366.04 8192.57±481.38  0.52
Gestational age 23.23±1.07 23.73±1.33 0.85
Age of entering the study 3.51±1.52 3.53±2.06 0.7
             Female                    
Sex 
               Male                      

20(50)

20(50)

21(52.5) 0.82

TABLE 2. Comparison of mean weight before and after daily multisensory stimulation  
intervention in preterm infants admitted to the NICU
Group 
Weight variable 

Intervention 
Standard deviation ± mean

Control
Standard deviation ± mean

Independent t-test results

Before 
First day
P

4,381±367.65
4,381.57±368.18

 <0.005

2,781.05±466.59
3,881±465.28

<0.001

0.68
0.68

First day
Secondary day
P

43,581.57±368.18
9,381.52±378.30

<0.001

3,881±465.28
4,981.05±467.46

 0.007

0.68
0.56

Second day
Third day
P

9,381.52±378.30
8,881.52±424.57

0.04

4,981.05±467.46
8,981.52±468.01

0.47 

0.56
0.92

Third day
Fourth day
P

8,881.52±424.57
6,091±423.84

0.001

8,981.52±468.01
9,981±465.34

 0.92

0.92
0.94

Fourth day
Fifth day
P

6,091±423.84
8,091±439.66

0.005

9,981±465.34
1,191.05±470.34

0.92

0.94
0.97

Fifth day
Sixth day
P

8,091±439.66
6,791.57±500.82

 0.01 

1,191.05±470.34
1,912.73±1969.29

0.48 

0.97
0.05

Sixth day
Seventh day
P

6,791.57±500.82
9,002.52±516

0.001

1,912.73±1969.29
8,391.05±465.92

0.43

0.05
0.52
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earlier than the control group, and the length of 
hospital stay in the intervention group was shorter. 
In this study, although weight comparison between 
the two groups did not show a significant differ-
ence, the between-group comparisons indicated 
that weight changes were significant in the inter-
vention group; that is, intervention had brought 
about a remarkable weight gain (28), which is con-
sistent with the present study. The results of Ran-
gey et al. (2014) study also suggested that sensory 
stimuli such as massage interventions and kanga-
roo care effectively improved weight gain and 
shortened the length of premature infants’ stay in 
the hospital (29). It is aligned with the findings of 
the current study regarding the effect of sensory 
stimulation on improving weight gain in preterm 
infants. The study of Nasimi et al. (2016) on the 
effectiveness of multisensory stimulation in pre-
term infants’ weight gain demonstrated that the 
difference between the mean weight on the first 
day and the discharge day was significantly higher 
in the intervention group than in the control group. 
This study recommended multisensory stimulation 
as a low-cost and effective method to improve pre-
mature infant weight gain (25), which is consistent 
with the present study. In Nasimi’s study, multi-
sensory stimulation intervention was provided by 
the mother of each infant. Considering that the in-
tervention provided by different people may inter-
fere with the effectiveness of the intervention, in 
the present study, a multisensory stimulation inter-
vention was provided by a trained nurse by con-
trolling possible intervening variables. According 
to the results, the significant weight gain in the in-
tervention group can be largely due to the multi-
sensory stimulation intervention.

The study of Mohamed et al. (2018) on deter-
mining the effect of multisensory stimulation in 
high-risk infants showed that infants in the multi-
sensory stimulation intervention had a higher 
weight gain than the control group (26). Fucile and 
Gisel (2010) studied the effect of sensory-motor 
interventions on improving motor development 
and motor function in premature infants (30). In 
this study, the impact of oral stimulation, tactile 
motor stimulation and a combined multi-sensory 
intervention (oral, sensory-motor) on weight gain 
and motor function of preterm infants was investi-
gated. The results showed that oral, sensorimotor 
and multisensory stimulation groups experienced 

more weight gain and improved motor function 
during the intervention compared to the control 
group, which is aligned with the present study. 

Multisensory stimuli appear to trigger the va-
gus nerve by stimulating peripheral nerves, which 
in turn release gastrointestinal hormones such as 
gastrin and cholecystokinin, thereby facilitating 
the digestion and absorption of food and weight 
gain (24). Nadar et al. (2018) study on the effect of 
physiotherapy intervention versus multisensory 
stimulation on neurobehavioral growth and weight 
gain in preterm infants showed that the mean 
scores of neural development, behavior and weight 
in the multisensory stimulation group spiked sig-
nificantly, which is compatible with the present 
study. The only difference is that in Nadar’s study 
physiotherapy interventions were considerably 
more effective than multisensory stimulation in 
improving the coordination of sucking, weight 
gain, and nerve growth (31). However, the present 
study only looked into the effects of multisensory 
stimulation. It seems that stimulating more recep-
tors on the body surface using physiotherapy lays 
the ground for weight gain in infants (25).

Zeraati et al. (2018) study on the effectiveness 
of multisensory stimulation in neuromuscular 
growth in preterm infants revealed that multisen-
sory stimulation can have beneficial effects on 
neuromuscular growth in preterm infants (32). 
Fontana et al. (2018) also reported that kangaroo 
care has positive effects on breastfeeding in pre-
term infants by promoting maternal self-efficacy 
and triggering multisensory stimulation, which 
can accelerate oral feeding (33). Medoff-Cooper et 
al. (2015) also examined the impact of multisenso-
ry stimulation on improving sucking skills in 183 
healthy preterm infants who were 24-29 weeks 
old. The results of this study showed that multisen-
sory stimulation improves feeding behaviors, 
sucking and oral feeding (34). These studies sup-
port the findings of the current study by demon-
strating the positive effects of multisensory stimu-
lation intervention. Here, both intervention and 
control were homogeneous in terms of underlying 
variables and pre-intervention weight and lacked 
physical disorders such as congenital anomalies 
and infection. Also, unlike other studies, the inter-
vention was provided by a trained nurse by con-
trolling all the intervening variables, so that the 
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remarkable weight gain in the intervention group 
could be attributed to the intervention. In light of 
the positive outcomes of multisensory stimulus on 
preterm infant weight gain, preterm infant weight 
gain could be improved by training nurses working 
in the NICU and regular multisensory stimulation 
in preterm infants.

One of the limitations of this study was that a 
host of factors such as environmental noise can in-
fluence the hemodynamic status of infants. Thus, 
we strived to perform interventions under condi-
tions that provided the maximum comfort. On the 
other hand, following arrangement with NICU of-
ficials and staff, we tried to reduce environmental 
interference factors during the intervention. In ad-
dition, since this was a single center trial (samples 
were taken from the ward of a single hospital) cau-
tion should be practiced in generalization of re-
sults. Finally, changes related to an intervention 
may appear over time, but in the present study, like 
other long-term follow-up studies, we were unable 
to assess long-term outcomes due to time con-
straint.

CONCLUSIONS

Premature infants are usually hospitalized in 
the NICU for a long time due to their low weight 
and poor physical condition, and they usually re-
ceive routine care by nurses. Therefore, informed 
by the results of this study about the effectiveness 
of multisensory stimulation on weight gain in pre-
term infants, it seems that nurses can, in addition 
to their specialized care, employ this effective and 
low-cost technique to promote weight gain and ex-
pedite discharge of infants. 
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