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Abstract: Excessive noise in the work environment has been associated with extra-auditory symp-
toms, which can have harmful long-term effects on individuals. The purpose of this study was to
identify noise levels in neonatal intensive care units and investigate their impact on the occurrence of
stress among healthcare professionals, using cortisol levels as a biomarker for Burnout Syndrome.
This descriptive, observational, and cross-sectional study was conducted in four public teaching
hospitals in Fortaleza, Ceara, Brazil. Sound pressure levels in the environment were measured,
and questionnaires were administered to collect sociodemographic data and assess perceptions of
the work environment and Burnout symptoms. Saliva samples were collected at the beginning
and end of work shifts for cortisol quantification. The average sound pressure ranged from 59.9 to
66.4 dB(A), exceeding the recommended levels set by Brazilian and international legislation. Among
the 256 participants, the average age was 39.4 years, with 95% being female. The majority (70.9%)
were nurses, and 22.7% were physicians. There was no significant association found between noise
and Burnout Syndrome, nor with changes in cortisol levels. However, a significant association
was observed between the perception of excessive noise and the sensation of a stressful work shift
(p = 0.012). All evaluated professionals displayed symptoms of Burnout. The high sound pressure
levels indicated that the assessed environments did not meet the recommended standards for acoustic
comfort, and this was associated with the participants” perception of stressful work shifts. While
Burnout symptoms were evident in our participants, it was not possible to confirm a correlation with
high noise levels.

Keywords: noise; sound level pressure; work-related stress; Burnout Syndrome; neonatal intensive
care; cortisol

1. Introduction

The context of a Neonatal Intensive Care Unit (NICU) is complex due to the emergent
nature of healthcare professionals’ actions in saving the lives of newborn patients [1,2]. In
addition to the specificities of patients in an immature stage of growth and development,
which require utmost care and attention, there is increasing pressure and strict supervision
on the professionals involved, which have been associated with stress factors [3]. Moreover,
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excessive workload, high demands, and responsibilities [4], long working hours, the
pressure of caring for critically ill or end-of-life patients, conflicts between professionals
and managers, salary dissatisfaction, and inadequate work environment are also factors for
workplace stress [5].

The use of warning equipment, such as alarms and other signals, to ensure the sur-
vival of patients and the smooth operation of the care unit, often contributes to excessive
environmental noise [6].

Recommendations for noise levels in hospital environments vary based on the time
of day and night. Table 1 presents the values recommended by the American Academy of
Pediatrics (AAP) [7], Brazilian standards [8], and the World Health Organization (WHO) [2,9].
Noise levels exceeding these recommendations do not provide acoustic comfort and can pose
physical and psychological risks, leading to illness.

Table 1. Noise levels recommended for hospital environments.

Period A i Pedinmies  World Health Organization PG K10 5 L
(2006) (dBA)
(1997) (dBA) (2017) (dBA)
Day 45 35 -
Night 35 30 -
Range - - 35to 40

The effects of noise on health professionals range from complaints related to discomfort
and tinnitus [10] to the occurrence of hypertension and myocardial infarction, anxiety and
depression [11], suicidal ideation, and work stress [12], potentially leading to Burnout
Syndrome [13].

Exposure to excessive environmental noise induces mental stress, activating the
hypothalamic—pituitary—adrenal axis and resulting in cortisol release. These effects can
disrupt the production of cortisol, a glucocorticoid produced and released by the adrenal
gland. This, in turn, triggers an inflammatory process with detrimental effects on various
systems, including the immune system [14].

Salivary cortisol quantification serves as a reliable biological marker in stressful situa-
tions [15] and is applied in many studies. Bauer et al. (2000) found that elderly caregivers of
chronically ill individuals experienced greater distress and in-creased basal salivary cortisol
compared to non-caregivers [16]. Similarly, Rojas-Gonzaélez et al. (2004) observed that
professionals in the brewing industry exposed to noise exhibited elevated cortisol levels
at the end of their work shifts and reported extra-auditory symptoms such as headaches,
insomnia, and arterial hypertension [17]. Studies involving health professionals working
in intensive care units exposed to high noise levels have consistently reported experienc-
ing mental and physical disturbances related to their work environment, with negative
consequences for their health [4,10,14,18,19].

The literature has shown the incidence of Burnout Syndrome in health professionals, its
causes, and consequences for health, as well as its association with shift work, chronotype,
stress and work. However, there is a gap when we seek information on the occurrence
of Burnout and stress in health professionals working in neonatal intensive care units
(NICU), especially in an environment with high noise levels. Knowing this environment,
the following questions came to us: would neonatal intensive care professionals be exposed
to an adequate level of noise? Would there be a correlation between noise levels and
work-related stress? The initial conception was that environments with high noise levels
would be related to the increased stress of the professionals.

The aim of this study was to identify noise levels in the NICU and investigate their im-
pact on the occupational stress of health professionals using salivary cortisol as a biomarker.
The specific objectives were to identify the noise levels of the environments and the profile,
chronotype and occurrence of Burnout Syndrome in the sample.
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2. Materials and Methods
2.1. Subjects

A total of 256 health professionals working in four neonatal intensive care units in the
district of Fortaleza, Ceara, Brazil, were evaluated between June 2019 and November 2020.

After ethical approval of the project, the initial step of our research involved contact-
ing the head of each NICU and obtaining their respective consent to conduct the study.
Following their approval, all healthcare professionals working in the units were invited to
participate in a meeting, where we explained the project objectives and methodology.

Those who voluntarily agreed to participate in the study were then briefed on the
procedures for collecting salivary cortisol samples and completing the questionnaire. The
sample selection process adhered to specific criteria, including a requirement to spend
at least six consecutive hours in the environment, willingness to participate voluntarily
by signing the consent form, and a commitment to provide reliable responses on the
questionnaire and collect the biological material (saliva).

Subsequently, a suitable period for noise measurements was determined. The collec-
tions were conducted on consecutive days to encompass all work shifts and involve the
maximum number of professionals. This entailed four or five days of data collection in
each hospital unit from Monday to Friday, ensuring representation across different days of
the week.

All professionals present during the work shift in which the noise measurements were
conducted were invited to participate.

The inclusion criteria required participants to be currently employed in the NICU for
a minimum of 6 months and present at work for at least 6 consecutive hours on the day of
cortisol collection.

Exclusion criteria involved having an incomplete questionnaire and taking
corticosteroids.

All participants provided informed consent to participate in the study. The informed
consent was obtained through a written form and signed individually by each participant
and was stored under the custody of the researchers.

The research protocol was approved by the Ethical Committee of Plataforma Brazil
under protocol number 3.158.600.

2.2. Procedures

Participants responded to an in-person questionnaire prepared by the authors that
assessed the following data: sociodemographic, work conditions, anthropometric indica-
tors, and self-perception of Burnout. In addition, salivary cortisol of the participants and
environmental noise measurements were assessed.

2.2.1. Sociodemographic and Work Conditions

A structured questionnaire prepared by the authors and subdivided into 3 parts
was applied. The first part consisted of 11 questions that evaluated the following: so-
ciodemographic data: age, sex, marital status, education, and household data (children);
professional data: hospital, function, working time, shifts, other jobs, transport time, oc-
currences and health data: body mass index, smoking and alcohol consumption, physical
examination, diseases, medication, perception of tiredness and stress, blood pressure, heart
rate and salivary cortisol at the beginning and end of the work shift.

The second part of the questionnaire consisted of 7 questions that evaluated working
conditions and health. Among them, work period, if there were other jobs, if yes, how
many consecutive hours of work, presence of disease, and use of medication and exercise,
sleep duration, chronotype and stress.

The third part of the questionnaire consisted of open questions completed by the
researcher such as blood pressure, heart rate, self-reported anthropometric indicators
including weight and height, perception about the participant’s physical state and time of
collection of salivary cortisol at the beginning and end of the shift and intercurrences in the
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shift, perception about the work shift in relation to stress and fatigue, noise intensity, and
front reactions when in noisy environments.

2.2.2. Self-Perception of Burnout

The Brazilian version of the Burnout Characterization Scale [20] was used to evaluate
the subjective stress experienced by health professionals. The scale exhibited good internal
consistency, with a Cronbach’s alpha coefficient exceeding 0.70. It comprises 20 questions,
and participants rate their responses on a 5-point scale (1—Never, 2—Annually, 3—Monthly,
4—Weekly, 5—Daily). The scores from the answers are totaled, leading to the following
categories: 0 to 20 points (“No signs of Burnout”), 21 to 40 points (“Possibility of developing
Burnout”), 41 to 60 points (“Initial phase”), 61 to 80 points (“Installed”), and 81 to 100 points
(“Considerable phase of Burnout”) [21]. Additionally, four supplementary questions
were included to assess the health professionals’ perception of their physical state at the
beginning and end of the work shift.

2.2.3. Salivary Cortisol

Salivary cortisol samples were collected from the participants before and at the end of
their work shift using Salivette® tubes with a synthetic fiber roll [22]. The chemilumines-
cence method was employed for cortisol analysis due to its reliability and precision. The
results were reported in micrograms per deciliter (ug/dL) [23]. Normal salivary cortisol
values were determined based on published literature, with values below 0.736 ug/dL
between 6 a.m. and 10 a.m. and below 0.252 ug/dL between 4 p.m. and 8 p.m. [24]. Prior
to the sample collection, participants were instructed not to consume alcohol or smoke,
and to observe a 2 h interval between the collection and food intake or teeth brushing. The
first sample, collected at the beginning of the work shift, was supervised by the researcher
who provided instructions for the correct collection and proper storage in a refrigerated
environment. The second sample, collected at the end of the work shift, was self-collected
by the participant following the guidelines provided during the first sample collection, and
it was also stored in a refrigerated location with appropriate identification.

2.2.4. Environmental Noise Measurements

Sound pressure levels (SPL) were measured using a HIGHMED model HM-851 sound
meter, which was calibrated and configured in the slow response circuit (slow) and com-
pensation circuit A, as recommended by the Brazilian Standard [8], used as a parameter for
evaluating noise in indoor environments. The recommended noise values for the hospital
environment are shown in Table 1.

This device served as a parameter for evaluating noise in indoor environments. The
sound meter was positioned at a distance of 100 cm from the ceiling and connected to
a computer. It measured the environmental noise level every second and recorded the
noise wave in a graph using the SoundLab program, version 1.0.0.18. The measurements
were conducted continuously for a period of 24 h, covering 4 or 5 days during the week to
ensure a comprehensive assessment of all work shifts. The work shifts were categorized as
morning (7 am. to 1 p.m.), afternoon (1 p.m. to 7 p.m.), daytime (7 a.m. to 7 p.m.), and
night-time (7 p.m. to 7 a.m.), according to the staff schedule. Throughout the measurement
period, the researchers noted down the prominent noise sources in the environment.

The mean noise level (LAeg) was calculated using a logarithmic equation in accordance
with the Brazilian Standard [8] and expressed in decibels.

1 LAeq,1s,m1 LAeq,1s,m2 LAeq,1s,mn
LAeq, T =10 x logy, {n x (107507 41070 4 10T 0 )}
where

- LAeq,T is the A-weighted equivalent continuous sound pressure level integrated over
a time T at the point evaluated;
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- T represents the total time evaluated in seconds;
- mrepresents each measurement performed per second (LAeg,1s);
- n is the total number of measurements.

2.2.5. Statistical Analysis

Statistical analysis was performed using SPSS software for Macintosh, version 23 (IBM
Corp., Armonk, NY, USA). For comparisons between two groups, the Student’s t-test or the
Mann-Whitney test was used for normally distributed and non-normally distributed data,
respectively. In the comparisons involving three groups, the ANOVA test with Tukey’s
post hoc test or the Kruskal-Wallis test with Dunn’s post hoc test was used for normally
distributed and non-normally distributed data, respectively. Categorical variables were
presented as absolute counts and percentages and compared using the Chi-square test or
Fisher’s exact test. Normality of quantitative variables was assessed using the Shapiro-Wilk
test, and data asymmetry was evaluated through standard deviation, histogram analysis,
and QQ plots. Normally distributed data were expressed as mean and standard deviation,
while non-normally distributed data were presented as median and interquartile range
(IQR). Statistical significance was set at p < 0.05.

2.2.6. Ethical Approval

The study received ethical approval from the Ethical Committee of Plataforma Brazil
and the local hospitals’ Ethical Committees under protocol number 3.158.600.

3. Results
3.1. Subjects” Sociodemographic Characteristics

A total of 256 professionals participated in the study. The participants had a mean age
of 39.4 £ 9.8 years, with the majority being female (94.9%). About 51.8% of the participants
were married, and 64.9% had financially dependent children. Nursing was the most
common profession, accounting for 70.9% of the participants, with 51.8% being nursing
technicians and 19.1% being nurses. Additionally, 22.7% were physicians, and 6.4% were
physiotherapists and speech-language pathologists.

In terms of education level, 42% of the professionals had postgraduate degrees, 26.8%
had completed high school, and 31.2% had completed technical school. All professionals
had been working in the field for more than 6 months, with the majority (41.8%) having
less than 5 years of experience.

3.2. Health Professionals” Work Conditions, Salivary Cortisol and Subjective Stress

In terms of work schedules, 42.6% of the participants worked during twelve consec-
utive hours, specifically the daytime shift from 7 a.m. to 7 p.m., while 34.7% worked the
night-time shift from 7 p.m. to 7 a.m. In total, 22.7% of health professionals worked in
shorter shifts of six hours, with 13.7% in the morning shift and 9% in the afternoon shift.

The majority of participants (80.4%) had a travel time to work of less than 60 minutes.
While 63.2% of participants mentioned having only one job, 15.9% also worked at another
hospital. Regarding the duration of work, 53% of professionals worked for more than
12 consecutive hours, 22.2% worked for 18 h, and 30.6% worked for 24 h.

Table 2 provides additional information on work-related aspects and characteristics
associated with stress among the evaluated health professionals.

The study found that a significant portion of the participants experienced tiredness
and stress during their work shifts. At the beginning of the shift, 66.5% of professionals
reported feeling “a little tired” (53.5%) or “very tired” (10.3%), while only 36.2% started
their shift feeling “rested.” At the end of the shift, 45.4% reported being “a little tired,”
35.7% felt “very tired,” and 18.9% felt “rested.”
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Table 2. Work environment, salivary cortisol, and subjective stress of health professionals.

Characteristics n (%)

Considering the shift tiring (n = 226)

Yes 128 (56.6)

No 98 (43.3)
Considering the shift stressful (n = 219)

Yes 100 (45.7)

No 119 (54.3)

Considering noise level in the environment to be
excessive (n = 204)

Yes 160 (78.4)

No 44 (21.6)
Cortisol level (beginning of the shift) (n = 225)

Normal 181 (80.4)

Increased 44 (19.6)
Cortisol level (end of the shift) (n = 230)

Normal 222 (96.5)

Increased 8 (3.5)
Burnout occurrence (1 = 246)

Possibility 64 (26.1)

Initial 145 (58.9)

Installed 37 (15.0)

Categorical data expressed as absolute counts and percentages in parentheses. Only valid data were considered.

About 35.8% of the professionals reported experiencing events or situations that could
lead to stress. The most common stressful events were the admission of severe patients
in the NICU, which required more attention and increased workload (40%), followed by
acute situations such as cardiac arrest (18.6%), admission of critically ill patients (15.7%),
situations resulting in death (14.3%), and clinical deterioration requiring ventilatory support
and intubation (11.4%).

The health professionals’ perception of their work shift varied, with 56.6% considering
it tiring, 45.7% finding it stressful, and 78.4% perceiving it as excessively noisy.

The occurrence of Burnout Syndrome was identified in 73.9% of professionals, with
15.0% classified as having the syndrome “installed” and 58.9% at the “initial phase.” None
of the health professionals showed “no symptoms” of Burnout, and 26.1% exhibited signs
indicating a “possibility” of developing the syndrome (Table 2).

Most health professionals in the study demonstrated adequate cortisol levels at both
the beginning (80.4%) and end of their work shifts (96.5%). The increase in the frequency of
adequate cortisol levels from the beginning to the end of the shift was statistically significant
(p < 0.001). Surprisingly, there was a higher number of professionals with increased
salivary cortisol (19.6%) at the beginning of the shift compared to the end of the shift (3.5%)
(p <0.001). It was also observed that professionals who came from another job had elevated
cortisol levels.

Among the 44 professionals who showed increased cortisol at the beginning of the
work shift, 18 (41.9%) were married, 14 (32.6%) were single, 9 (20.9%) were in stable
relationships, and 2 (4.7%) were divorced. Interestingly, the salivary cortisol levels at
the beginning of the work shift were associated with the professionals” “marital status”
(p = 0.010) and “coming to work from another job” (p = 0.020) (Table 3).
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Table 3. Relationship of sociodemographic characteristics and salivary cortisol at the beginning of
the work shift of health professionals at NICU.

Cortisol Level at the Beginning of the Work Shift

Characteristics Normal (n = 182) Increased (n = 44) p
Age 40 +10 37+9 0.087
Gender 0.080
Male 12 (6.6) 0 (0)
Female 170 (93.4) 44 (100)
Marital status 0.010
Married 99 (55) 18 (41.9)
Stable unit 10 (5.6) 9 (20.9)
Single 56 (31.1) 14 (32.6)
Divorced 15 (8.3) 2(4.7)
Having children 0.516
Yes 114 (63.3) 31 (72.1)
No 61 (36.7) 12 (27.9)
Function 0.213
Doctor 44 (244) 6 (14)
Nurse 33 (18.3) 10 (23.3)
Nurse technician 89 (49.4) 26 (60.5)
Physiotherapist or speech
therapist 14 (7.8) 1(2.3)
Time spent commuting (min) 0.846
<30 min 76 (41.7) 15 (34.9)
31-60 min 68 (37.8) 20 (46.5)
61 or more 36 (20) 8 (18.6)
Having another job 0.277
Yes 72 (40) 13 (31)
No 108 (60) 29 (69)
Coming to work from another job 0.020
Yes 24 (13.3) 12 (27.9)
No 156 (86.7) 31(72.1)
Continuous hours of work 0.316
6h 3(13.6) 2 (20)
12h 8 (36.4) 2 (20)
18h 3 (13.6) 4 (40)
24h 8 (36.4) 2 (20)

Categorical data expressed as absolute counts and percentages in parentheses. Only valid data were considered.

3.3. Environmental Noise Measurements

The sound pressure level (SPL) in the units ranged from 59.9 to 66.4 dB(A). All
evaluated units showed high noise levels. A one-way ANOVA showed that the Lseq level
was different for the different work shifts groups (p = 0.005). Tukey post hoc analysis
revealed that the increase in Laeq level from the night to afternoon shift was statistically
significant, but no other group differences were statistically significant (Figure 1, Table 4).
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p=0.005

T T T T
6h-Morning 6h-Afternoon 12h-Daytime 12h-
Nighttime

Work shift

Figure 1. Comparison of the means of sound pressure levels according to health professionals” work
shifts. * p < 0.05.

Table 4. Environmental noise levels of the NICUs and stress and work conditions of health profes-
sionals (1 = 256).

LAeq
Characteristics p
n (%) Mean £+ DP
BURNOUT classification (1 = 246) 0.3911
Possibility 64 (26.1) 63.65 + 2.26
Initial 145 (58.9) 63.8 + 1.69
Frequent 37 (15) 63.26 + 3.3
Cortisol level (beginning of the shift) (n = 225) 0.062 2
Normal 181(80.4) 63.87 £ 1.89
Altered 44(19.6) 62.92 + 3.18
Cortisol level (end of the shift) (n = 230) 0.580 2
Normal 222 (96.6) 63.67 +2.23
Altered 8(34) 64.11 £+ 2.02
Job function (n = 251) 0.0731
Doctors 57 (22.7) 64.13 £ 1.04
Nurse 48 (19.1) 63.09 + 3.03
Nursing technician 130 (51.8) 63.65 +2.13
Physiotherapist and speech therapist 16 (6.4) 64.13 +£1.45
Work shift (n = 256) 0.005 1*
6 h—Morning 34 (13.3) 64.24 + 1.08
6 h—Afternoon 23(9.0) 64.56 + 1.02
12 h—Daytime 108 (42.2) 63.82 +2.21
12 h—Night-time 91 (35.5) 63.14 £ 2.39
Physical health (initial) (n = 243) 0.360 !
Very tired 25(10.2) 63.76 + 1.18
Slightly tired 130 (53.5) 63.89 + 1.84
Rested 88 (36.3) 63.5 +2.35
Physical health (Final) (n = 227) 0.558 1
Very tired 81 (35.7) 63.88 + 2
Slightly tired 103 (45.4) 63.56 + 2.57
Rested 43 (18.9) 63.52 + 1.69
Tiring shift (n = 226) 0.216 2
Yes 128 (56.6) 63.83 +2.13
No 98 (43.3) 63.49 £ 191
Stressful shift (n = 219) 0.270 2
Yes 100 (45.7) 63.54 +2.61
No 119 (54.3) 63.85 + 1.36
Environment with excessive noise (1 = 204) 0.603 2
Yes 160 (78.4) 63.65 +2.42
No 44 (21.6) 63.85 + 1.47

Quantitative data expressed as mean =+ standard deviation. Bold value was regarded as significant (p < 0.05).
Applied ANOVA test 1. Student’s t-test 2; * Turkey test: p < 0.05 in “afternoon” vs “night-time”.
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Dashed lines represent the measures recommended by Brazilian legislation [8] and
by the American Academy of Pediatrics. Bars represent the means and error bars the
standard deviation.

3.4. Factors Associated with Exposure to Noise Levels and Stress

Taking into consideration the primary sources of noise in the NICU under investigation
(equipment alarms such as infusion pumps, vital signs monitors, and heated cradles, as
well as professionals” voices), only the subjects” work shift demonstrated a significant
association with the generated noise (Table 4). While health professionals displayed a
higher prevalence of normal salivary cortisol levels compared to altered levels at the start
or conclusion of their work shifts, no significant correlations were observed with the noise
levels in the NICU. Additionally, 78.4% of the subjects reported excessive noise.

A chi-square test revealed a significant association between the perception of “exces-
sive noise” and the perception of a “stressful shift” (p = 0.012), indicating that noise is a
relevant factor in increasing stress among health professionals, as demonstrated in the
present study (Figure 2).

p=0.012
100% [JExcessive noise
B Normal noise
80%
69%
40%
20%
31%
0%—

Stressful shift No stressful shift

Figure 2. Relationship between the perception of excessive noise and the perception of stressful work
shifts by health professionals. The chi-square test was applied.

Among those who marked the shift as a “stressful shift,” it was observed that 85%
also reported it as “excessive noise.” On the other hand, for those who marked the shift as
a “non-stressful shift,” a lower percentage, 69%, reported “excessive noise (Figure 2).

In order to conduct a more detailed evaluation of the potential relationship between
stress and noise levels, we assessed the correlation between Laeq levels (equivalent contin-
uous sound pressure levels) and cortisol levels in various scenarios that could influence
physiological cortisol levels.

Table 5 presents the correlation between cortisol levels and the noise levels participants
were exposed to, while considering the occurrence of Burnout and gender as separate factors.
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Table 5. Correlation between cortisol levels with the noise levels that health professionals were
exposed to during the work period, according to gender and to Burnout rating.

LAeq
Characteristics p
n rho
Total group
Cortisol level (end of the shift) 231 —0.054 0.417
Cortisol variation until the end of the shift
(End-Start) 221 —0.001 0.983
Male
Cortisol level (end of the shift) 12 —0.261 0.412
Cortisol variation until the end of the shift
(End-Start) 12 0.062 0.849
Female
Cortisol level (end of the shift) 219 —0.039 0.561
Cortisol variation until the end of the shift
(End-Start) 209 —0.003 0.960
Burnout: “Possible”
Cortisol level (end of the shift) 59 —0.064 0.632
Cortisol variation until the end of the shift
(End-Start) 56 —0.05 0.713
Burnout: “Initial”
Cortisol level (end of the shift) 133 —0.086 0.325
Cortisol variation until the end of the shift
(End-Start) 127 —0.035 0.699
Burnout: “Frequent”
Cortisol level (end of the shift) 33 —0.031 0.864
Cortisol variation until the end of the shift B 0.032 0.861

(End-Start)

Applied Spearman correlation coefficient, p < 0.05.

No significant correlations were found between the noise levels and cortisol levels
when analyzing the data separately by gender or by the rating of the Burnout Syndrome.
Even after adjusting the correlations for the presence of Burnout, no significant association
was observed in the group with established Burnout between cortisol levels and noise
levels (p = 0.864).

4. Discussion

This study revealed elevated levels of noise in the investigated Brazilian NICU, consis-
tent with findings from other published literature [19,25-33].

These findings are concerning, as the recorded noise levels exceeded both Brazil-
ian [8] and international recommendations [7] for hospitals. These results suggest that
the NICU environment may potentially pose harm to both patients [34,35] and health
professionals [36-38].

The noise generated in these intensive care units is a result of various healthcare
activities involving newborns [39], such as the aspiration of secretions, the use of artificial
ventilators for oxygen supply [40]; the architectural design and construction materials
of the [39,41]; the distribution of beds [27,28] and especially, the inappropriate use of
multi-parameter monitors and infusion pumps equipped with alarms, often disregarded
by healthcare professionals, resulting in prolonged noise in the environment [37,42,43].

In our study, equipment alarms and professionals’ voices were identified as the major
sources of noise, which is consistent with findings reported in the literature [27,28,35,37,39,44].
The sound produced by health professionals” voices is frequently mentioned as a contributing
factor to noise in these environments. Clinical case discussions, medical visits by specialists,
bedside shift changes [29,45] and parallel conversations between professionals are also
documented by several authors in the literature [29,33,46,47].
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Furthermore, the presence of newborns’ parents, who are allowed to stay in the
NICU, contributes to increased noise levels, but, encouraging conversations between
parents and their newborns is beneficial for family bonding and the development of the
newborn [39,44,48,49].

In contrast to other studies that have reported the morning shift as the loudest due
to the concentration of activities and movement of professionals and students, our study
found that the afternoon shift had higher noise levels, although it was also carried out in
teaching hospitals [29,50].

Our findings are consistent with a study conducted in a Spanish neonatal intensive
care unit (NICU), which assessed noise levels over a 20-day period. The Spanish study
found that noise consistently remained high across morning, afternoon, and night shifts,
with minor fluctuations between shifts [19].

An American study also examined the perceptions of professionals and family mem-
bers in a NICU and reported similar results to those identified in this research, with 71% of
participants noting an environment with excessively high noise levels [47]. A German study
found that despite recognizing the disruptive nature of the environment due to noise, there
were challenges in identifying the specific types of sounds that were most bothersome [14].

In this study, noise was perceived as an “unpleasant” factor. The discomfort
caused by noise in the work environment has negative impacts on professionals’
performance [10,38,51]. It is crucial to raise professionals’ awareness about their con-
tribution to noise production when implementing strategies for noise control (Disher et al.,
2017; Ahamed et al., 2018; Barsam, Barbosa, et al., 2019).

In the NICU environment, professionals experience a constant state of alertness due
to various factors such as the unit’s physical structure, the provision of critical patient
care, and the unique dynamics of each sector [52]. Therefore, it is not surprising that
our participants reported the unit environment as stressful. The perception of stress can
vary among individuals, depending on their ability to adapt to the challenges they face.
Hence, what may be considered a stressful situation for one person may not be perceived
as such by another [53]. Often, healthcare professionals become so immersed in their
work that they may take a long time to recognize and address their own difficulties in
coping with constant situations of discomfort [54]. Moreover, the inability to effectively
respond to persistent stress can lead to chronic stress, which may ultimately contribute to
the development of Burnout Syndrome, a condition frequently reported among healthcare
professionals [4,55-57].

The present study found a significant and positive association between the perception
of “excessive noise” and the perception of a “stressful shift,” indicating that noise could be
a relevant factor in increasing stress among health professionals. All health professionals in
our study reported positive criteria for the development of Burnout Syndrome, which may
be attributed to the effects of noise and its potential association with certain sample char-
acteristics also reported in other studies [18,58—-60]. The sample consisted predominantly
of female professionals with dependent children [18,58-60]. Another point to highlight
is that the majority of participants had less than 5 years of experience in their respective
roles, indicating that they were young professionals in the field. Another point to highlight
is that the majority of participants had less than 5 years of experience in their respective
roles, indicating that they were young professionals in the field [21,61], and the majority
were nurses (70.7%) who have direct and close contact with patients and their families
due to their professional responsibilities [57]. It is worth noting that nursing professionals
have been particularly affected by situations that contribute to chronic stress, including
personal factors, long working hours, interpersonal relationships [57], insufficient resources,
inadequate reward systems, challenges in effective communication with superiors and
other professionals [62], work overload, and patient interactions [53,63,64].

However, contrary to the existing literature that suggests a relationship between high
noise levels and the occurrence of stress [65] and Burnout Syndrome [46], this study did not
find a significant association between the occurrence of Burnout Syndrome and noise levels.
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Nevertheless, it is concerning that all health professionals in our study reported
positive scores for the presence of Burnout Syndrome, which aligns with the findings
by Rahmati (2019) who identified psychological effects, anxiety, depression, and chronic
stress as consequences of prolonged stress exposure [66]. Institutional policy can be an
aggravating factor and contribute to chronic stress [67].

Considering the importance of appropriate levels of environmental noise for psycho-
logical, brain, and cardiovascular health [68], it is crucial to implement preventive and
supportive measures to alleviate these symptoms and promote optimal occupational health,
as well as enhance quality of life and work.

In our study, no significant changes were observed in cortisol levels between the
beginning and end of the work shift in our sample, which suggests that stress in the work
environment may not have had a direct impact on cortisol levels. This finding is consistent
with a study conducted by Pérez-Valdecantos et al. (2021), where cortisol levels were
evaluated during the work shift and rest time in professionals working in emergency
care. The authors found that despite the absence of significant changes in cortisol levels,
professionals still experienced high levels of stress during the work period. However, it is
important to note that high levels of stress can sometimes enhance professional performance
and decision-making and may not always be detrimental to the individual [69].

The fact that we did not observe significant changes in cortisol levels and in the
incidence of noise-related Burnout may be associated with the fact that measurements and
noise were high and with minimal variations between the sites evaluated, not allowing a
comparison between professionals who worked in units with adequate noise levels. Initially,
the hypothesis was that we would find significant differences between the units regarding
the noise measurements that would allow this comparison, which did not occur. Another
issue to consider is that these results may be associated with an adaptation of individuals
to this adverse environment, as a possible coping strategy experienced by them [70]. In
this study, the observed changes in salivary cortisol levels of health professionals, as well
as their perceptions of tiredness at the end of the shift, “excessive” noise, and “stressful
shift,” were not sufficient to differentiate the intensity of noise exposure to which the
professionals were subjected. This could be attributed to the high and above-recommended
noise levels in the environment, which prevented the analysis of differentiation with a
group not exposed to noise. As a result, it was not possible to measure the impact of noise
on participants’ stress levels.

Other studies have reported changes in cortisol levels among healthcare professionals
working in different shifts. Niu et al. (2015) found reduced cortisol levels in nurses working
the night shift compared to those working the day shift, and these night shift nurses took
longer (approximately 4 days) to return to normal cortisol values, indicating a higher
susceptibility to the effects of altered cortisol [15]. Similarly, Lin et al. (2022) found that
nurses working the night shift had elevated stress levels, lower cortisol levels upon waking
up, and reduced ability to perform basic daily tasks compared to nurses working the day
and afternoon shifts [71].

Anjum et al. (2011) reported an increase in cortisol levels at the end of the day and
low values in the morning in night workers, which is opposite to the hormone’s circadian
variation [72]. Our study also observed a similar result among professionals working the
night shift. We found that these individuals had elevated cortisol levels at the beginning
of their shift, which normalized by the end of the shift. This particular finding warrants
further evaluation in future studies to gain a deeper understanding of the underlying
factors contributing to this pattern. These changes in cortisol have been associated with
fatigue, burnout, exhaustion, and disruption of the hypothalamic—pituitary axis, which can
contribute to physical and mental health problems [73-75].

It was observed that most professionals with normal cortisol levels were married. This
finding aligns with a 2017 American study that investigated the stress of singlehood and
found a positive correlation between being single and perceived stress [76]. Another study
by Chin et al. (2017), which measured cortisol levels in men and women aged 21 to 55 years,
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reported higher cortisol values in singles compared to married individuals, suggesting that
married people may be less susceptible to stress [77].

Consequently, it is important for health professionals to be aware of the importance
of sleep, regular physical exercise, healthy nutrition, and coping strategies to effectively
manage daily stressful situations [78].

The fact that all the evaluated environments had high noise levels may have been a
limiting factor to the study, since it did not allow us to carry out a comparative study with
environments with adequate noise levels.

The self-reported nature of the participants’ perception of Burnout symptoms is a
limitation that needs to be addressed. However, the collection of salivary cortisol brought
some strength to our study. It is worth mentioning that this study was carried out in NICU,
Brazilian public university hospitals, which may introduce a selection bias. In general,
these units constantly exceed their service capacity, being overcrowded, which impacts on
noise levels, making the work more exhausting and highly demanding for the professional,
which may have impacted the results of Burnout. The environments evaluated reflect the
reality of Brazilian public hospitals, and the results of this research can be applied in units
with the same institutional policy. However, for units that work with a fixed number of
beds and that do not exceed their service capacity, they may present different results.

5. Conclusions

All the investigated NICUs exhibited high noise levels, surpassing the recommended
standards set by the law. This indicates that the NICU environment does not meet the
recommended criteria for acoustic comfort.

Although our health professionals reported the occurrence of Burnout Syndrome, it
was not possible to establish a significant correlation with high noise levels due to the
absence of a group exposed to recommended noise levels, which constitutes a limitation of
the study. However, the participants’ perception of an excessively noisy environment was
significantly associated with considering their work shift as stressful. This finding serves
as an important indicator for the need to make changes in the noise levels. Addressing this
issue is crucial to potentially reduce stress among health professionals and, consequently,
mitigate the incidence and progression of Burnout Syndrome symptoms.

Therefore, it is imperative to implement strategies aimed at reducing noise levels in
the evaluated units to ensure the safety and well-being of both professionals and patients.
Further studies that include units with appropriate noise levels would be beneficial in
assessing the influence and impact of noise on the occurrence of occupational stress among
professionals and its effects on patients. Future research should take into account sup-
plementary factors such as workload, support systems, or coping mechanisms to achieve
a more all-encompassing comprehension of the correlation between noise and Burnout
Syndrome. It would be beneficial to inform health policymakers and hospital managers
that preventive measures are necessary to make the health system stronger and enhance
the health of professionals.

Author Contributions: Conceptualization, ] M.d.A.B.,, LA. and M.-R.G.S,; Data curation, ] M.d.A.B,,
LA, M.-CM.CM. and M.-R.G.S,; Formal analysis, ] M.d.A.B., LA, PC.d.A. and M.-R.G.S,; Investi-
gation, JM.d.A.B,, LA, M.-CM.C.M. and M.-R.G.S.; Methodology, ] M.d.A.B., .A.,, M.-CM.C.M,,
P.C.d.A.and M.-R.G.S,; Project administration, I.A., M.-C.M.C.M. and M.-R.G.S.; Resources, ] M.d.A.B,,
LA, M.-CM.CM. and M.-R.G.S,; Supervision, I.A., M.-CM.C.M., P.C.d.A. and M.-R.G.S.; Validation,
JM.d.AB., LA, M.-CM.C.M., P.C.d.A. and M.-R.G.S.; Visualization, ] M.d.A.B., LA. and M.-R.G.S,;
Writing original draft, JM.d.A.B., LA, M.-CM.C.M., PC.d.A. and M.-R.G.S.; Writing review and edit-
ing, JM.d.A.B., LA, M.-CM.C.M. and M.-R.G.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.



Healthcare 2023, 11, 2002 14 of 17

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and submitted to PLATAFORMA BRASIL and approved by the Ethics Committee of Hospital
Geral de Fortaleza, Ceara, Brasil (protocol code 3.158.600; date of approval: 21 February 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The authors confirm that the data supporting the findings of this study
are available within the article.

Acknowledgments: The authors thank the nurse Maria de Fatima Lopes, who assisted with the data
collection (biological data and participants’ interviews), and the engineer Jamilo Nogueira Paula for
his collaboration and guidance in measuring noise in selected environments.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

de Souza, V.S.; da Silva, D.S.; Lima, L.V.; Teston, E.F,; Benedetti, G.M.d.S.; Costa, M.A.R.; Mendonga, R.R. Quality of life of nursing
professionals working in critical sectors. Rev. Cuid. 2018, 9, 2177-2186. [CrossRef]

Browne, J.; Cicco, R.; Dunn, M.S,; Graven, S.N.; Gregory, S.; Harrell, ].W.; Jaeger, C.B.; Johnson, B.H.; King, ].D. Recommended
standards for newborn ICU design, eighth edition Consensus committee on recommended design standards for advanced
neonatal care. J. Perinatol. 2013, 33, 2-16. [CrossRef]

Teixeira, L.B.; Veloso, L.U.P; Ribeiro, I.A.P; de Oliveira, T.N.; Cortez, A.C.L. Estresse ocupacional na enfermagem atuante na
unidade de terapia intensiva. Investig. En Enfermeria Imagen Y Desarro. 2017, 19, 195. [CrossRef]

Campos, M.d.S.; Esteves, TM.d.S.; de Oliveira, V.A.S.C.; Garcia, ].R. O Estresse ocupacional no enfermeiro na Unidade de Terapia
Intensiva. Rev. Eletrénica E-F@Tec 2018, 8, 1-9.

Pereira, A.; Santos, A.; Ribeiro, A.; Santos, C.; Pereira, D.; Sousa, D.; Pereira, E.; Peiemntel, E.; Santos, ]. Fatores geradores de
estresse atuam na linha de frente do COVID-19: Dos profissionais de enfermagem que ocupacional e seus impactos na satide uma
revisao bibliografica. In Enfermagem: Desafios E Perspectivas Para a Integralidade Do Cuidado; da Silva, P.F., de Sousa, L.C., Eds.;
Editora Cientifica Digital: Sao Paulo, Brasil, 2021; pp. 191-212, ISBN 9786589826828. Available online: www.editoracientifica.org
(accessed on 22 October 2022).

Aita, M.; Héon, M.; Lavallée, A.; De Clifford Faugere, G.; Altit, G.; Le May, S.; Dorval, V.; Lippé, S.; Larone Juneau, A;
Remmer, E.; et al. Nurturing and quiet intervention (NeuroN-QI) on preterm infants’ neurodevelopment and maternal stress and
anxiety: A pilot randomized clinical trial protocol. J. Adv. Nurs. 2021, 77, 3192-3203. [CrossRef]

Committee on Environmental Health. Noise: A hazard for the fetus and newborn. Pediatrics 1997, 100, 724-727. [CrossRef]
Associagao Brasileira de Normas Técnicas. ABNT NBR 10152: Actistica—Niveis De Pressio Sonora Em Ambientes Internos a Edificages;
ABNT: Rio de Janeiro, Brazil, 2017; pp. 1-124. Available online: www.abnt.org.br (accessed on 4 September 2022).

World Health Organisation. 2. Noise Sources and Their Measurement. 2.1. Basic Aspects of Acoustical Measurements. In Guidel
Community Noise; WHO: Geneva, Switzerland, 1987; pp. 22-23. Available online: http://www.who.int/docstore /peh/noise/
guidelines2.html (accessed on 18 October 2022).

Andrade, K.P,; de Oliveira, L.L.A.; Souza, R.d.P.,; de Matos, LM.; Andrade, K.P,; de Oliveira, L.L.A.; Souza, R.d.P,; de Matos, .M.
Medida do nivel de ruido hospitalar e seus efeitos em funcionarios a partir do relato de queixas. Rev. CEFAC 2016, 18, 1379-1388.
[CrossRef]

Generaal, E.; Timmermans, E.J.; Dekkers, ].E.C.; Smit, ].H.; Penninx, B.W.J.H. Not urbanization level but socioeconomic, physical
and social neighbourhood characteristics are associated with presence and severity of depressive and anxiety disorders. Psychol.
Med. 2019, 49, 149-161. [CrossRef]

Garrido Galindo, A.P.; Camargo Caicedo, Y.; Vélez-Pereira, A.M. Nivel continuo equivalente de ruido en la unidad de cuidado
intensivo neonatal asociado al sindrome de burnout. Enferm. Intensiv. 2015, 26, 92-100. [CrossRef]

dos Santos, N.A.R.; dos Santos, J.; da Silva, V.R.; Passos, J.P. Estresse ocupacional na assisténcia de cuidados paliativos em
oncologia. Cogitare Enferm. 2017, 22, 50686. [CrossRef]

Ruettgers, N.; Naef, A.C.; Rossier, M.; Knobel, S.E ] ; Jeitziner, M.M.; Holtforth, M.G.; Zante, B.; Schefold, J.C.; Nef, T.; Gerber,
S.M. Perceived sounds and their reported level of disturbance in intensive care units: A multinational survey among healthcare
professionals. PLoS ONE 2022, 17, e0279603. [CrossRef] [PubMed]

Niu, S.E; Chung, M.H.; Chu, H,; Tsai, ].C,; Lin, C.C.; Liao, YM.; Ou, K.L.; O'Brien, A.P,; Chou, K.R. Differences in cortisol profiles
and circadian adjustment time between nurses working night shifts and regular day shifts: A prospective longitudinal study. Int.
J. Nurs. Stud. 2015, 52, 1193-1201. [CrossRef]

Bauer, M.E.; Vedhara, K.; Perks, P.; Wilcock, G.K,; Lightman, S.L.; Shanks, N. Chronic stress in caregivers of dementia patients is
associated with reduced lymphocyte sensitivity to glucocorticoids. J. Neuroimmunol. 2000, 103, 84-92. [CrossRef] [PubMed]
Rojas-Gonzalez, L.; Martinez-Leal, R.; Paz-Araviche, V.; Chacin-Almarza, B.; Corzo-Alvarez, G.; Sanabria-Vera, C.; Montiel-Lopez,
M. Niveles de cortisol sérico al inicio y al final de la jornada laboral y manifestaciones extra auditivas en trabajadores expuestos a
ruido en una industria cervecera. Investig. Clin. 2004, 45, 297-307.


https://doi.org/10.15649/cuidarte.v9i2.506
https://doi.org/10.1038/jp.2013.10
https://doi.org/10.11144/Javeriana.ie19-2.eoea
www.editoracientifica.org
https://doi.org/10.1111/jan.14819
https://doi.org/10.1542/peds.100.4.724
www.abnt.org.br
http://www.who.int/docstore/peh/noise/guidelines2.html
http://www.who.int/docstore/peh/noise/guidelines2.html
https://doi.org/10.1590/1982-0216201618619815
https://doi.org/10.1017/S0033291718000612
https://doi.org/10.1016/j.enfi.2015.03.002
https://doi.org/10.5380/ce.v22i4.50686
https://doi.org/10.1371/journal.pone.0279603
https://www.ncbi.nlm.nih.gov/pubmed/36584079
https://doi.org/10.1016/j.ijnurstu.2015.04.001
https://doi.org/10.1016/S0165-5728(99)00228-3
https://www.ncbi.nlm.nih.gov/pubmed/10674993

Healthcare 2023, 11, 2002 15 0f 17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

da Cunha, SM.M,; da Silva, V.R.M.; Dendasck, C.V.; Moreira, E.C.d.M.; de Oliveira, M.; de Oliveira, E. Estresse Ocupacional da
Equipe de Enfermagem que Atua em Unidade de Terapia Intensiva. Rev. Cientifica Multidiscip. Niicleo Do Conhecimento 2017, 4,
68-78. [CrossRef]

Ali, H.H.; Qasim, A.; Althahab, J.; Vuksanovic, B.; Al-Mosawi, M.; Machimbarrena, M.; Arias, R. Noise in ICUs: Review and
Detailed Analysis of Long-Term SPL Monitoring in ICUs in Northern Spain. Sensors 2022, 22, 9038. [CrossRef]

Tamayo, M.R.; Tréccoli, B.T. Construgao e validagao fatorial da Escala de Caracterizagao do Burnout (ECB). Estud. Psicol. 2009, 14,
213-221. [CrossRef]

Ferreira LB, D.S.; Ribeiro RD CH, M.; Pompeo, D.A.; Contrin, L.M.; Werneck, A.L.; Ribeiro, R.M.; Sousa, C.N. Nivel de estresse
e avaliagao preliminar da sindrome de Burnout em Enfermeiro da UTI na COVID-19—Estudo de caso. Res. Soc. Dev. 2022,
11, €31111225658. [CrossRef]

Sarstedt, A. Catalogo de Produtos. Available online: https://www.sarstedt.com/pt/produtos/diagnostico/salivaexcrecao/
product/51.1534.500/ (accessed on 25 November 2022).

Nery, A.L.P; Baader, W.]. Quimioflorescencia. Quim. Nova 2001, 24, 626. [CrossRef]

Miller, R.; Stalder, T.; Jarczok, M.; Almeida, D.M.; Badrick, E.; Bartels, M.; Boomsma, D.I.; Coe, C.L.; Dekker, M.C.].;
Donzella, B.; et al. The CIRCORT database: Reference ranges and seasonal changes in diurnal salivary cortisol derived from a
meta-dataset comprised of 15 field studies. Psychoneuroendocrinology 2016, 73, 16-23. [CrossRef]

Aita, M.; Robins, S.; Charbonneau, L.; Doray-Demers, P.; Feeley, N. Comparing light and noise levels before and after a NICU
change of design. J. Perinatol. 2021, 41, 2235-2243. [CrossRef] [PubMed]

Garrido Galindo, A.P.; Camargo Caicedo, Y.; Velez-Pereira, A.M. Noise level in a neonatal intensive care unit in Santa Marta—
Colombia. Colomb. Medica 2017, 48, 120-125. [CrossRef]

Jordao, M.M.; Costa, R.; Santos, S.V.; Locks, M.O.H.; Assuiti, L.F.C.; de Lima, M.M. Ruidos na unidade neonatal: Identificando o
problema e propondo solugoes. Cogit. Enferm. (Online) 2017, 22, 1-8. [CrossRef]

Capriolo, C.; Viscardi, R.M.; Broderick, K.A.; Nassebeh, S.; Kochan, M.; Solanki, N.S.; Leung, J.C. Assessment of Neonatal
Intensive Care Unit Sound Exposure Using a Smartphone Application. Am. J. Perinatol. 2020, 39, 189-194. [CrossRef] [PubMed]
Nogueira, M.d.EH.; Ramos, E.G.; Peixoto, M.V.M. Identificagao das fontes de ruido e de pressao sonora em unidade neonatal.
Rev. Enferm. UER] 2011, 19, 517-523.

Nazario, A.P; Santos, V.C.B.].; Rossetto, E.G.; de Souza, S.N.D.H.; Amorim, N.E.Z.; Scochi, C.G.S.; Pinheiro Nazario, A.; Benetti
Jacinto Santos, V.C.; Giovanini Rossetto, E.; Degau Hegeto de Souza, S.N.; et al. Avaliagao dos ruidos em uma unidade neonatal
de um hospital universitario. Semin. Cienc. Biol. Saude 2015, 36 (Suppl. S1), 189-198. [CrossRef]

Shoemark, H.; Harcourt, E.; Arnup, S.J.; Hunt, R.W. Characterising the ambient sound environment for infants in intensive care
wards. . Paediatr. Child Health 2016, 52, 436—440. [CrossRef]

Hernandez-Salazar, A.D.; Gallegos-Martinez, J.; Reyes-Hernandez, J. Level and Noise Sources in the Neonatal Intensive Care
Unit of a Reference Hospital. Investig. Educ. Enferm. 2020, 38, e13. [CrossRef]

Sabetsarvestani, R.; Kose, S.; Geckil, E.; Tosun, E.E.; Tokan Ozkilicaslan, F.; Karaarslan, F.; Altunhan, H. Noise in a Neonatal
Intensive Care Unit: Exploring Its State and Solutions. Adv. Neonatal Care 2022, 22, E183-E190. [CrossRef]

Beken, S.; Onal, E.; Giindiiz, B.; Cakir, U.; Karagoz, I; Kemaloglu, Y.K. Negative Effects of Noise on NICU Graduates” Cochlear
Functions. Fetal Pediatr. Pathol. 2021, 40, 295-304. [CrossRef]

Sinno, Z.C.; Shay, D.; Kruppa, J.; Klopfenstein, S.A.L; Giesa, N.; Flint, A.R.; Herren, P.; Scheibe, E; Spies, C.; Hinrichs, C.; et al. The
influence of patient characteristics on the alarm rate in intensive care units: A retrospective cohort study. Sci. Rep. 2022, 12, 21801.
[CrossRef] [PubMed]

Hasegawa, Y.; Ryherd, E.; Ryan, C.S.; Darcy-Mahoney, A. Examining the Utility of Perceptual Noise Categorization in Pediatric
and Neonatal Hospital Units. HERD Health Environ. Res. Des. ]. 2020, 13, 144-157. [CrossRef] [PubMed]

Waterson, J.; Bedner, A. Types and frequency of infusion pump alarms and infusion-interruption to infusion-recovery times for
critical short half-life infusions: Retrospective data analysis. J[MIR Hum. Factors 2019, 6, €14123. [CrossRef]

Silva, E.; Ramos, A.; Duarte, J.; Silva, D. Noise in neonatology: Perception of health professionals. Rev. Enferm. Ref. 2019, 4, 67-76.
[CrossRef]

Hawksley, E.J.; Helliwell, E. Noise in the NICU. Introducing a noise reduction policy to southmead neonatal intensive care unit:
Primary results from a 3 month service improvement project. J. Pediatr. Neonatal Individ. Med. 2017, 6, 34. [CrossRef]

Bertsch, M.; Reuter, C.; Czedik-Eysenberg, I.; Berger, A.; Olischar, M.; Bartha-Doering, L.; Giordano, V. The “Sound of Silence” in
a Neonatal Intensive Care Unit—Listening to Speech and Music Inside an Incubator. Front. Psychol. 2020, 11, 1055. [CrossRef]
[PubMed]

Kramer, B.; Joshi, P.; Heard, C. Noise pollution levels in the pediatric intensive care unit. ]. Crit. Care 2016, 36, 111-115. [CrossRef]
[PubMed]

Disher, T.C.; Benoit, B.; Inglis, D.; Burgess, S.A.; Ellsmere, B.; Hewitt, B.E.; Bishop, T.M.; Sheppard, C.L.; Jangaard, K.A.; Morrison,
G.C; et al. Striving for Optimum Noise-Decreasing Strategies in Critical Care: Initial Measurements and Observations. J. Perinat.
Neonatal Nurs. 2017, 31, 58-66. [CrossRef]

Hu, R.F; Hegadoren, KM.; Wang, X.Y,; Jiang, X.Y. An investigation of light and sound levels on intensive care units in China.
Aust. Crit. Care 2016, 29, 62-67. [CrossRef]


https://doi.org/10.32749/nucleodoconhecimento.com.br/saude/unidade-de-terapia-intensiva
https://doi.org/10.3390/s22239038
https://doi.org/10.1590/S1413-294X2009000300005
https://doi.org/10.33448/rsd-v11i2.25658
https://www.sarstedt.com/pt/produtos/diagnostico/salivaexcrecao/product/51.1534.500/
https://www.sarstedt.com/pt/produtos/diagnostico/salivaexcrecao/product/51.1534.500/
https://doi.org/10.1590/S0100-40422001000500010
https://doi.org/10.1016/j.psyneuen.2016.07.201
https://doi.org/10.1038/s41372-021-01007-8
https://www.ncbi.nlm.nih.gov/pubmed/33712715
https://doi.org/10.25100/cm.v48i3.2173
https://doi.org/10.5380/ce.v22i4.51137
https://doi.org/10.1055/s-0040-1714679
https://www.ncbi.nlm.nih.gov/pubmed/32702769
https://doi.org/10.5433/1679-0367.2015v36n1Suplp189
https://doi.org/10.1111/jpc.13084
https://doi.org/10.17533/udea.iee.v38n3e13
https://doi.org/10.1097/ANC.0000000000000985
https://doi.org/10.1080/15513815.2019.1710788
https://doi.org/10.1038/s41598-022-26261-4
https://www.ncbi.nlm.nih.gov/pubmed/36526892
https://doi.org/10.1177/1937586720911216
https://www.ncbi.nlm.nih.gov/pubmed/32193949
https://doi.org/10.2196/14123
https://doi.org/10.12707/RIV18078
https://doi.org/10.7363/060248
https://doi.org/10.3389/fpsyg.2020.01055
https://www.ncbi.nlm.nih.gov/pubmed/32528386
https://doi.org/10.1016/j.jcrc.2016.06.029
https://www.ncbi.nlm.nih.gov/pubmed/27546758
https://doi.org/10.1097/JPN.0000000000000229
https://doi.org/10.1016/j.aucc.2015.08.001

Healthcare 2023, 11, 2002 16 of 17

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

Joshi, R.; Van Straaten, H.; Van De Mortel, H.; Long, X.; Andriessen, P.; Van Pul, C. Does the architectural layout of a NICU affect
alarm pressure? A comparative clinical audit of a single-family room and an open bay area NICU using a retrospective study
design. BMJ Open 2018, 8, €022813. [CrossRef]

Bringel, ] M.d.A.; de Abreu, IM.C.; Muniz, M.C.M.C;; Silva, M.-R.G. Satide ambiental e niveis de ruido nas unidades de terapia
intensiva neonatal: Uma revisao integrativa. Res. Soc. Dev. 2022, 11, e437111436263. [CrossRef]

Santos, J.; Carvalhais, C.; Xavier, A.; Silva, M.V. Assessment and characterization of sound pressure levels in Portuguese neonatal
intensive care units. Arch. Environ. Occup. Health 2018, 73, 121-127. [CrossRef] [PubMed]

Chawla, S.; Barach, P.; Dwaihy, M.; Kamat, D.; Shankaran, S.; Panaitescu, B.; Wang, B.; Natarajan, G. A targeted noise reduction
observational study for reducing noise in a neonatal intensive unit. J. Perinatol. 2017, 37, 1060-1064. [CrossRef] [PubMed]
Liszka, L.; Heiny, E.; Smith, J.; Schlaggar, B.L.; Mathur, A.; Pineda, R. Auditory exposure of high-risk infants discharged from the
NICU and the impact of social factors. Acta Paediatr. 2020, 109, 2049-2056. [CrossRef]

Degorre, C.; Ghyselen, L.; Barcat, L.; Dégrugilliers, L.; Kongolo, G.; Leké, A.; Tourneux, P. Noise level in the NICU: Impact of
monitoring equipment. Arch. Pediatr. 2017, 24, 100-106. [CrossRef]

Barsam, FJ.B.G.; da Silva, N.Y.E.B.; Uramoto, L.C.L.; Teixeira, C.L.S.B.; Camargo, E.C.; Zullo, S.A. Identificacao do ruido ao longo
dos turnos na terapia intensiva neonatal de hospital de ensino. J. Nurs. Health 2019, 9, 1-10. [CrossRef]

Carvalhais, C.; Santos, J.; da Silva, M.V.; Xavier, A. Is There Sufficient Training of Health Care Staff on Noise Reduction in
Neonatal Intensive Care Units? a Pilot Study From Neonoise Project. J. Toxicol. Environ. Health A 2015, 78, 897-903. [CrossRef]
Batista, K.D.M.; Bianchi, E.R.F. Estresse do enfermeiro em unidade de emergéncia. Rev. Lat. Am. Enferm. 2006, 14, 534-539.
[CrossRef]

Santos, E.K.M.; Durdes, R.F,; Guedes, M.d.S.; Rocha, M.EO.; Rocha, EC.; Torres, J.D.R.V,; Barbosa, H.A. O estresse nos profissionais
de saude: Uma revisao de literatura. HU Rev. 2019, 45, 203-211. [CrossRef]

Harbs, T.; Rodrigues, T.; Quadros, V. Estresse da equipe de enfermagem em um centro de urgéncia e emergéncia. Bol. Enferm.
2008, 1, 41-56.

Maslach, C.; Schaufeli, W.B.; Leiter, M. Job Burnout. Annu. Rev. Psychol. 2001, 52, 397-422. [CrossRef] [PubMed]

West, C.P,; Dyrbye, L.N.; Shanafelt, T.D. Physician burnout: Contributors, consequences and solutions. |. Intern. Med. 2018, 283,
516-529. [CrossRef] [PubMed]

da Silva, R.A.D.; Aratjo, B.; Morais, C.C.A.; Campos, S.L.; de Andrade, A.D.; Brandao, D.C. Sindrome de Burnout: Realidade dos
fisioterapeutas intensivistas? Fisioter. E Pesqui. 2018, 25, 388-394. [CrossRef]

Nantsupawat, A.; Srisuphan, W.; Kunaviktikul, W.; Wichaikhum, O.A.; Aungsuroch, Y.; Aiken, L. H. Impact of nurse work
environment and staffing on hospital nurse and quality of care in Thailand. J. Nurs. Scholarsh. 2011, 43, 426—432. [CrossRef]
Fogaga, M.d.C.; de Carvalho, W.B.; Citero, V.d.A.; Nogueira-Martins, L.A. Fatores que tornam estressante o trabalho de médicos
e enfermeiros em terapia intensiva pediatrica e neonatal: Estudo de revisao bibliografica. Rev. Bras. De Ter. Intensiv. 2008, 20,
261-266. [CrossRef]

Bringel, ] M.d.A.; Abreu, I.; Muniz, M.C.M.C,; de Almeida, P.C.; Silva, M.R.G. Health Professionals” Chronotype Association
with Salivary Cortisol and Occupational Stress in Neonatal Intensive Care Units. Int. |. Environ. Res. Public Health 2023, 20, 5683.
[CrossRef]

Vidotti, V.; Ribeiro, R.P,; Galdino, M.].Q.; Martins, ].T. Burnout Syndrome and shift work among the nursing staff. Rev. Lat. Am.
Enferm. 2018, 26, e3022. [CrossRef] [PubMed]

Lim, J.; Bogossian, F.; Ahern, K. Stress and coping in Australian nurses: A systematic review. Int. Nurs. Rev. 2010, 57, 22-31.
[CrossRef]

Khamisa, N.; Oldenburg, B.; Peltzer, K.; Ilic, D. Work Related Stress, Burnout, Job Satisfaction and General Health of Nurses. Int.
J. Environ. Res. Public Health 2015, 12, 652-666. [CrossRef]

Edmonson, C.; Zelonka, C. Our own worst enemies the nurse bullying epidemic. Nurs. Adm. Q. 2019, 43, 274-279. [CrossRef]
Arabaci, A.; Onler, E. The Effect of Noise Levels in the Operating Room on the Stress Levels and Workload of the Operating
Room Team. . Perianesthesia Nurs. 2021, 36, 54-58. [CrossRef] [PubMed]

Rahmati, F.; Safari, S.; Hashemi, B.; Baratloo, A.; Rad, K. Prevalence of Depression and Personality Disorders in the Beginning
and End of Emergency Medicine Residency Program; a Prospective Cross Sectional Study. Arch. Acad. Emerg. Med. 2019, 7, 5.
Karacic, J.; Bursztajn, H.J.; Arvanitakis, M. Who cares what the doctor feels: The responsibility of health politics for burnout in
the pandemic. Healthcare 2021, 9, 1550. [CrossRef] [PubMed]

Hahad, O.; Prochaska, J.H.; Daiber, A.; Muenzel, T. Environmental Noise-Induced Effects on Stress Hormones, Oxidative Stress,
and Vascular Dysfunction: Key Factors in the Relationship between Cerebrocardiovascular and Psychological Disorders. Oxid.
Med. Cell. Longev. 2019, 2019, 4623109. [CrossRef] [PubMed]

Pérez-Valdecantos, D.; Caballero-Garcia, A.; Del Castillo-Sanz, T.; Bello, H.]J.; Roche, E.; Cérdova, A. Stress Salivary Biomarkers
Variation during the Work Day in Emergencies in Healthcare Professionals. Int. J. Environ. Res. Public Health 2021, 18, 3937.
[CrossRef] [PubMed]

Dias, E.N.; Pais-Ribeiro, J.L. O Modelo de Coping de Folkman e Lazarus: Aspectos Historicos e Conceituais. Rev. Psicol. E Saiide
2019, 11, 55-66. [CrossRef]

Lin, Y.-H.; Jen, H.-J; Lin, Y.-K,; Seo, J.-D.; Chang, W.-P. Cortisol Awakening Response and Stress in Female Nurses on Monthly
Shift Rotations: A Longitudinal Study. BioMed Res. Int. 2022, 2022, 9506583. [CrossRef]


https://doi.org/10.1136/bmjopen-2018-022813
https://doi.org/10.33448/rsd-v11i14.36263
https://doi.org/10.1080/19338244.2017.1304883
https://www.ncbi.nlm.nih.gov/pubmed/28287931
https://doi.org/10.1038/jp.2017.93
https://www.ncbi.nlm.nih.gov/pubmed/28617421
https://doi.org/10.1111/apa.15209
https://doi.org/10.1016/j.arcped.2016.10.023
https://doi.org/10.15210/jonah.v9i2.16201
https://doi.org/10.1080/15287394.2015.1051204
https://doi.org/10.1590/S0104-11692006000400010
https://doi.org/10.34019/1982-8047.2019.v45.25645
https://doi.org/10.1146/annurev.psych.52.1.397
https://www.ncbi.nlm.nih.gov/pubmed/11148311
https://doi.org/10.1111/joim.12752
https://www.ncbi.nlm.nih.gov/pubmed/29505159
https://doi.org/10.1590/1809-2950/17005225042018
https://doi.org/10.1111/j.1547-5069.2011.01419.x
https://doi.org/10.1590/S0103-507X2008000300009
https://doi.org/10.3390/ijerph20095683
https://doi.org/10.1590/1518-8345.2550.3022
https://www.ncbi.nlm.nih.gov/pubmed/30110099
https://doi.org/10.1111/j.1466-7657.2009.00765.x
https://doi.org/10.3390/ijerph120100652
https://doi.org/10.1097/NAQ.0000000000000353
https://doi.org/10.1016/j.jopan.2020.06.024
https://www.ncbi.nlm.nih.gov/pubmed/33077358
https://doi.org/10.3390/healthcare9111550
https://www.ncbi.nlm.nih.gov/pubmed/34828596
https://doi.org/10.1155/2019/4623109
https://www.ncbi.nlm.nih.gov/pubmed/31814877
https://doi.org/10.3390/ijerph18083937
https://www.ncbi.nlm.nih.gov/pubmed/33918537
https://doi.org/10.20435/pssa.v11i2.642
https://doi.org/10.1155/2022/9506583

Healthcare 2023, 11, 2002 17 of 17

72.

73.

74.

75.

76.

77.

78.

Anjum, B.; Verma, N.S; Tiwari, S.; Singh, R.; Mahdi, A.A.; Singh, R.B.; Singh, R.K. Association of salivary cortisol with chronomics
of 24 hours ambulatory blood pressure/heart rate among night shift workers. Biosci. Trends 2011, 5, 182-188. [CrossRef]

Bracci, M.; Ciarapica, V.; Copertaro, A.; Barbaresi, M.; Manzella, N.; Tomasetti, M.; Gaetani, S.; Monaco, F.; Amati, M.; Valentino,
M.; et al. Peripheral Skin Temperature and Circadian Biological Clock in Shift Nurses after a Day off. Int. J. Mol. Sci. 2016, 17, 623.
[CrossRef]

de Assis, D.C.; de Resende, D.V.; Marziale, M.H.P. Association between shift work, salivary cortisol levels, stress and fatigue in
nurses: Integrative review. Esc. Anna Nery 2018, 22, 2018. [CrossRef]

Vasconcelos, S.; Marqueze, E.; Gongalves, L.; Lemos, L.; Aratjo, L.; Fischer, EM.; Moreno, C.R.C. Morbidity among nursing
personnel and its association with working conditions and work organization. Work 2012, 41, 3732-3737. [CrossRef] [PubMed]
Ta, V.P; Gesselman, A.N.; Perry, B.L.; Fisher, H.E.; Garcia, ].R. Stress of Singlehood: Marital Status, Domain-Specific Stress, and
Anxiety in a National U.S. Sample. J. Soc. Clin. Psychol. 2017, 36, 461-485. [CrossRef]

Chin, B.; Murphy, M.L.M,; Janicki-Deverts, D.; Cohen, S. Marital status as a predictor of diurnal salivary cortisol levels and slopes
in a community sample of healthy adults. Psychoneuroendocrinology 2017, 78, 68-75. [CrossRef] [PubMed]

Paiva, T.; Reis, C.; Feliciano, A.; Canas-Simiao, H.; Machado, M.A; Gaspar, T.; Tomé, G.; Branquinho, C.; Silva, M.R.; Ramiro, L.;
et al. Sleep and awakening quality during COVID-19 confinement: Complexity and relevance for health and behavior. Int. J.
Environ. Res. Public Health 2021, 18, 3506. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.5582/bst.2011.v5.4.182
https://doi.org/10.3390/ijms17050623
https://doi.org/10.1590/2177-9465-ean-2017-0125
https://doi.org/10.3233/WOR-2012-0087-3732
https://www.ncbi.nlm.nih.gov/pubmed/22317289
https://doi.org/10.1521/jscp.2017.36.6.461
https://doi.org/10.1016/j.psyneuen.2017.01.016
https://www.ncbi.nlm.nih.gov/pubmed/28171850
https://doi.org/10.3390/ijerph18073506
https://www.ncbi.nlm.nih.gov/pubmed/33800607

	Introduction 
	Materials and Methods 
	Subjects 
	Procedures 
	Sociodemographic and Work Conditions 
	Self-Perception of Burnout 
	Salivary Cortisol 
	Environmental Noise Measurements 
	Statistical Analysis 
	Ethical Approval 


	Results 
	Subjects’ Sociodemographic Characteristics 
	Health Professionals’ Work Conditions, Salivary Cortisol and Subjective Stress 
	Environmental Noise Measurements 
	Factors Associated with Exposure to Noise Levels and Stress 

	Discussion 
	Conclusions 
	References

