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Abstract. Standard environmental features of the neonatal 
intensive care unit (NICU) may be stressful and not optimal 
for the maturation of very low birth weight premature 
infants (VLBWPIs). The present study investigated whether 
structured no-touch periods and reducing periods of light 
and sound stimulation may influence the developmental 
indices of VLBWPIs. Between June 2012 and June 2013, 60 
consecutive VLBWPIs were equally apportioned to either an 
experimental or control group. The groups were statistically 
comparable with regard to sex ratio, gestational age and 
birth weight. Each group received routine nursing care, but 
infants in the experimental group were additionally cared for 
in a separate room with 3 h of rest every 8 h, and reduced 
light and sound from staff and instruments. At 7 and 14 days 
following birth, plasma insulin-like growth factor 1 (IGF-1) 
levels of the experimental group were significantly higher 
than that of the control group. Furthermore, at day 7 and 14, 
the body weight and crown‑to‑heel lengths were significantly 
increased in the experimental group compared with the 
control group. In summary, during the first 2 weeks following 
birth, the reduction of touch, sound and light stimulation in 
the NICU were associated with higher plasma IGF-1 levels 
and physical growth of VLBWPIs. These results may have 
implications for the better management of VLBWPIs in the 
NICU.

Introduction

Very low birth weight premature infants (VLBWPIs) are 
cared for in the neonatal intensive care unit (NICU), which 

must meet the requirements of a restful and a stress-free 
environment (1). It has been reported that during the first 
2 weeks following birth, touch, sound and light stimulation 
in the NICU are positively associated with median diastolic 
blood pressure, mean arterial pressure and infant move-
ment (2,3).

Growth hormones directly promote bone growth and 
increase height (1). Insulin-like growth factor 1 (IGF-1) is 
a single-stranded polypeptide that is regulated by growth 
hormones. Thus, circulating IGF-1 levels may indicate the 
activity of growth hormones and the progress of maturation in 
VLBWPIs (1,4). Previous studies have revealed that IGF-1 is 
essential for postnatal growth and development in humans (5), 
and that low levels of IGF-1 may be involved in the prolonged 
growth restriction of VLBWPIs (6).

It is logical to assume that stressful environmental features 
may affect the maturation of VLBWPIs and will thus affect 
their IGF-1 levels (3,4). However, the specific environmental 
features that affect circulating IGF-1 levels of VLBWPIs 
remains unclear. The current study hypothesized that if 
stimuli in the NICU are reduced and benign circadian rules 
are established, then IGF-1 levels will increase and VLBWPIs 
will adapt more easily to the environment outside the womb, 
increasing their physiological wellbeing.

The present study assessed associations between the envi-
ronmental characteristics of the NICU and VLBWPI plasma 
IGF-1 levels and growth indices.

Materials and methods

Subjects. Subjects were recruited between June 2012 and 
June 2013 at Shunde Women's and Children's Hospital 
(Shunde, China). A total of 60 VLBWPIs were consecu-
tively enrolled and apportioned to either an experimental 
or control group (each, n=30). All the VLBWPIs conformed 
to the following criteria: Birth weight <1,500 g; gesta-
tional age <37 weeks; and hospitalization ≥14 days. The 
following potential subjects were excluded: Patients with a 
history of asphyxia at birth with congenital malformations 
or genetic metabolic diseases; and cases of mortality. The 
experimental group comprised 18 males and 12 females, 
with a gestational age of 30.62±2.22 weeks, a body mass 
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of 1.18±0.19 kg, a crown-to-heel length of 39.87±2.07 cm 
and a head circumference of 27.96±0.96 cm (Table I). The 
control group consisted of 16 males and 14 females, with 
a gestational age of 30.54±2.58 weeks, a body mass of 
1.21±0.19 kg, a crown-to-heel length of 39.02±2.13 cm and 
a head circumference 27.22±0.95 cm. Differences in sex 
ratio, gestational age, body mass, crown-to-heel length and 
head circumference between the groups were not statisti-
cally significant at birth.

Standard nursing care of VLBWPIs. Patients in the control 
group received routine standard nursing care for VLBWPIs. 
Patients in the experimental group also received routine stan-
dard nursing care for VLBWPIs, however they were placed 
in a separate room under the following conditions: A quiet 
period of 3 h every 8 h was maintained, in which patients 
were not touched unless there was a need for treatment. 
Light stimulation was reduced by drawing the curtains, using 
brunet cloth covers over warmers, dimming the indoor lights 
and using a dim bedside lamp at night. Noise was reduced 
by enabling phone flash caller ids on all phones, reducing 
the volume of all instrument alarms and sounds made by 
the medical staff to <50 dBA, and limiting impulse noise 
from the heart rate, breathing and blood pressure monitors to 
<55 dBA (7). Simultaneously, regular visits were conducted 
by the nurses to ensure timely responses to instrument alarms. 
Patients in the experimental and control groups, as well as 
all instruments were positioned within the field of vision of 
the nurses station for easy observation and to prevent acci-
dents. This prospective, double-blinded, sequential-period, 
exploratory study was approved by the Ethics Committee of 
Shunde Women's and Children's Hospital (Shunde, China). 
All parents or guardians of the children enrolled in the 
present study provided written informed consent prior to 
enrollment.

Laboratory assays. VLBWPI plasma IGF-1 levels were 
measured. Venous blood samples (2 ml) were collected and 
plasma IGF-1 concentrations were measured using a fully auto-
mated chemical luminescence immunity analyzer (Siemens 
Healthineers, Erlangen, Germany; Model, IMMULITE 2000).

Statistical analysis. Data are presented as the mean ± standard 
deviation. Statistical analyses were performed using SPSS 
statistical software (version 17.0; SPSS, Inc., Chicago, IL, 
USA). Figures were generated using GraphPad software 
(version 4.0; GraphPad Software, Inc., La Jolla, CA, USA). 
Continuous variables were tested using an independent sample 
t‑test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Effects of reduced environmental stimulation on plasma 
IGF‑1 levels. The plasma IGF-1 levels of the VLBWPIs 
in the experimental group at day 7 (40.71±21.04 µg/l) and 
day 14 (50.63±19.79 µg/l) were significantly higher than 
that of the control group (day 7, 24.7±11.62 µg/l; day 14, 
28.88±14.50 µg/l) following birth (t=3.65 and 4.86, respec-
tively; P<0.01; Fig. 1).

Effects of reduced environmental stimulation on body 
weight, crown‑to‑heel length and head circumference. On 
day 7 and 14 following birth, VLBWPIs in the experimental 
group exhibited significantly increased body weight and 
crown-to-heel length compared with the VLBWPIs in the 
control group (P<0.05; Table I). In addition, VLBWPIs in the 
experimental group exhibited increased head circumference 
compared with the VLBWPIs of the control group, however 
there was no significant difference observed (P>0.05; 
Table I).

Table I. Development indices on day 7 and 14 following birth in the experimental and control groups.

 Experimental Control t-value P-value
 -------------------------- ---------------------- ------------- --------------
Gender ratio (M/F) 18/12 16/14 1.15 0.216

At birth 
  GA (weeks) 30.62±2.22 30.54±2.58 0.48 0.531
  BW (kg) 1.18±0.19 1.21±0.19 0.95 0.268
  C-H (cm) 39.87±2.07 39.02±2.13 0.58 0.425
  HC (cm) 27.96±0.96 27.22±0.95 0.65 0.403
7 days after birth 
  BW (kg) 1.47±0.15 1.23±0.14 2.74 0.039
  C-H (cm) 41.58±2.55 39.15±2.35 2.66 0.045
  HC (cm) 28.83±1.05 27.61±0.98 2.67 0.078
14 days after birth 
  BW (kg) 1.68±0.17 1.37±0.17 3.08 0.028
  C-H (cm) 42.84±2.73 39.61±2.57 2.69 0.042
  HC (cm) 29.84±1.13 28.62±1.07 1.51 0.079 

GA, gestational age; BW, body weight; C-H, crown-to-heel length; HC, head circumference.
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Discussion

The present study assessed whether reducing the stress of 
touch, sound and light in the NICU promotes plasma IGF-1 
levels and the physical growth of VLBWPIs. A total of 60 
VLBWPIs were treated with routine nursing care in the NICU, 
but 30 of these infants (the experimental group) were placed in 
a separate room with reduced stimulations from touch, sound 
and light. The results revealed that on day 7 and 14 following 
birth, the experimental group exhibited significantly increased 
levels of plasma IGF-1, body weight and crown-to-heel lengths 
compared with the control group.

IGF-1 is a single-stranded polypeptide regulated by growth 
hormones that indicates the activity of growth hormones that 
directly promotes bone growth and height (1,8). Plasma IGF-1 
concentrations are considered to be an index of nutritional 
status in the fetus and preterm infants (9). There is a high risk 
of low birth weight when fetal plasma IGF-1 concentrations 
are continuously low and the rate of growth hormone conver-
sion to IGF‑1 will significantly influence stature throughout 
childhood (5,9-11).

In the present study, the difference in plasma IGF-1 
concentrations between the experimental and control group 
on day 7 and 14 following birth were statistically significant, 
as were the indices of development. Vatten et al (12) demon-
strated that levels of IGF-I contributed positively to birth 
weight and length, and high levels of IGF-I were associated 
with low birth weight and reduced length, which is consistent 
with the results of the present study. Compared with full term 
infants, VLBWPIs are less able to adjust to external stimuli. 
VLBWPIs are often disturbed and awakened by sounds in the 
NICU, which results in sleeping disorders, a higher consump-
tion of energy and reduced body growth (1). Most noises in the 
NICU are due to activities of the medical staff, instruments 
and alarms (1,2,4).

In the present study, plasma IGF-1 levels of VLBWPIs on 
day 7 and 14 following birth were significantly higher in the 
experimental group than in the control group, and the body 
weight and crown‑to‑heel length were also significantly higher 
in the experimental group. The results of the present study 
indicate that circulating IGF-1 in VLBWPIs is negatively asso-
ciated with stimulations in their environment. Specifically, 
the beneficial effects of IGF‑1 may be promoted by reducing 

exposure to unnecessary light, limiting continuous noise to 
<50 dBA, impulse noise to <55 dBA and providing care that 
allows for an undisturbed sleep (4).

In summary, interventions in living conditions should be 
implemented as soon as possible following birth, to allow 
VLBWPIs to adapt more easily to the environment outside the 
womb. This includes establishing benign circadian rules that 
enable infants to stimulate the secretion of IGF-1, which in 
turn promotes the growth of bones and body mass (1,8,13). A 
previous study has corroborated that noise from the NICU can 
lead to negative physiological effects for VLBWPIs, including 
a lower breathing rate, heart rate and blood oxygen saturation, 
all of which may threaten the survival of infants (14). Thus, 
reducing environmental stress due to touch, light and sound in 
the NICU may promote plasma IGF-1 levels and the physical 
growth of VLBWPIs.
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