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Abstract

Objective

To identify potential categories of alarm fatigue among ICU nurses and to explore the
differences in characteristics and influencing factors among different categories.

Methods

Using convenience sampling, 597 ICU nurses from 12 tertiary public hospitals across
8 cities in the Inner Mongolia Autonomous Region of China were recruited from
September 2024 to December 2024. A cross-sectional survey was conducted using
the General Information Questionnaire, ICU Nurses’ Alarm Fatigue Scale, Stanford
Presenteeism Scale: Health Status and Employee Productivity, and Nurses’ Emo-
tional Labor Scale. Potential profiles of nurse alarm fatigue were analyzed, and the
influencing factors of different profiles were explored by univariate analysis and multi-
variate logistic regression analysis.

Results

The median alarm fatigue scale score was 26(IQR=19.75-31), and the alarm fatigue
of ICU nurses could be categorized into low fatigue-robust tolerance group (30.8%),
moderate fatigue (54.4%), and high fatigue-negative coping group (14.9%). The
regression analyses showed that the number of children, the frequency of night
shifts, the health status and employee productivity score, and the emotional labor
score were the main factors of the ICU factors influencing different potential catego-
ries of nurse alarm fatigue (P<0.05).
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Conclusion

ICU nurses alarm in Inner Mongolia exhibited moderate-to-high alarm fatigue with
notable subgroup heterogeneity. Nursing managers should implement tailored
interventions addressing profile-specific factors, such as workload adjustments and
emotional support strategies, to mitigate alarm fatigue.

Introduction

With the advancement of medical technology, monitoring capabilities in intensive care
units (ICU) have been continuously enhanced. These monitoring systems can provide
timely alerts regarding changes in the patient’s physiological and critical information for
clinical decision- making [1]. However, this may also result in a spike in alerts, many of
which are false and invalid [2,3]. While these monitoring devices can significantly assist
clinical nurses in taking immediate action, alarm overload has become a challenge in
hospitals. Studies indicate that 85% to 99% of alerts are erroneous or insignificant [4,5].
Alarm fatigue refers to a decrease in sensitivity and responsiveness to alarms or even
desensitization of healthcare professionals due to continuous exposure to excessive
alarms [6]. This condition not only undermines the quality of care and increases patient
safety risks but also threatens the physical and psychological health of healthcare
professionals [7]. One study estimated that a single ICU can receive up to 987 cardiac
monitoring alerts per day [3]. The average daily noise levels in such environments
also significantly exceed the maximum thresholds recommended by the World Health
Organization (WHO) [8]. The Joint Commission on Accreditation of Healthcare Orga-
nizations (JCAHO) Adverse Event Database reported 80 patient deaths as a result of
98 alarm fatigue-related adverse events between 2009 and 2012 [9].In actuality, the
frequency of adverse events linked to alarm fatigue might be higher than previously
reported. Alarm fatigue poses critical risks that threaten patient safety, care quality,
nurses’ occupational health, and healthcare resource utilization [10].

Current research on alarm fatigue among ICU nurses mainly focuses on the pres-
ent situation of alarm fatigue, its impact on nurses’ psychology, and the exploration
of alarm management strategies [11—13]. Nevertheless, there is a relative lack of
research on the latent characteristics and influencing factors of alarm fatigue among
ICU nurses in tertiary public hospitals in Inner Mongolia, China. Variations in economic
development, healthcare resources, and work patterns suggest that ICU nurses in
Inner Mongolia may face unique alarm fatigue challenges. Alarm fatigue among ICU
nurses is strongly correlated with personal traits, health status and employee produc-
tivity, and emotional labor [14,15]. Research indicates that emotional labor significantly
associated with alarm fatigue in the work of ICU nurses [14]. And excessive consump-
tion of psychological resources affects the nurses’ ability to process alarm information.
Furthermore, poor health status and employee productivity can also make it difficult for
nurses to remain full attention to their tasks [15]. These cognitive delays in responding
to alarm may further escalate pre-existing alarm fatigue.

Therefore, this study aims to assess the current situation of alarm fatigue among
ICU nurses in tertiary public hospitals in Inner Mongolia Autonomous Region, China,
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through a questionnaire survey. It is designed to identify different types or groups characteristics of alarm fatigue among
ICU nurses in this region, so as to facilitate a deeper understanding of its complexity and diversity. Meanwhile, the find-
ings can provide valuable insights for improving the working environment of ICU nurses and enhancing patient safety both
regionally and nationwide.

Materials and methods
Study design and participants

A convenience sampling method was used to select 597 ICU nurses from 12 tertiary-level public hospitals in 8 cities in
Inner Mongolia from September 14, 2024 to December 9, 2024 as survey participants. Sixty ICU nurses were conve-
niently selected in a tertiary-level hospital in Inner Mongolia in September 2024 for the pre-survey. The minimum sam-

ple size required for this study was calculated based on the sample size estimation formula for measures, N=4U 25?/62
[16]. Based on the pre-survey data yielding a standard deviation S=7.635 and an allowable error §=1.43, N=223, and
considering a 20% invalid sample, a sample of at least 267 samples was required. The inclusion of 597 clinical nurses
exceeded the minimum sample size requirement, ensuring a robust dataset. Inclusion criteria of the study participants: (a)
had obtained a certificate of nurse practice and registered; (b) working in ICU for 21 year; exclusion criteria: (a) those who
were in training or on leave during the survey period; (b) internships and rotating and seconded nurses; (c) nurses who
suffered from significant life disasters in the last six months.

Ethical considerations

The objectives and significance of the research were communicated to participants through an online survey, fostering
informed consent. The privacy and anonymity of all participants were rigorously protected, and the voluntary nature of
participation was emphasized. Additionally, the confidentiality of all collected data was meticulously maintained. The study
protocol was submitted to the ethics committee of the host hospital (Ethics Committee of Inner Mongolia Medical Univer-
sity Affiliated Hospital), and ethical review approval was obtained (KY2024092).

Measurement instruments

Demographic characteristics. Demographic information was gathered using a survey tool designed by the
researcher, informed by relevant literature and study requirements. The tool included 11 items such as gender, age,
education, average monthly income, professional title, number of children, scheduling arrangements, and so on.

ICU nurses’ alarm fatigue questionnaire. It was prepared by Iranian scholar Torabizadeh in 2016 to quantify alarm
fatigue in ICU nurses [17],introduced into China in 2021 by scholar Liu Jie [18]. The scale consists of 13 items with four
dimensions. Each entry was scored on a 5-point Likert scale from “always” to “never”, with entries 1 and 9 scored in
reverse, and the total score ranged from 0 to 52. Higher scores indicate more severe alarm fatigue among ICU nurses.
The Cronbach’s alpha of the Chinese scale was 0.771, and the re-test reliability was 0.966. In this study, Cronbach’s
alpha of the scale was 0.814, our rgsyltsconfirm the scale’s robustness.

Stanford presenteeism scale: health status and employee productivity. Introduced and culturally adapted by Zhao
Fang and other scholars in 2010 as the Chinese version of The Stanford Presenteeism Scale (SPS-6) [19,20]. The scale
is primarily used to quantify an individual’s impaired work productivity due to health problems. The scale consists of six
items, categorized into two dimensions: work limitations and work energy. Each entry is rated on a 5-point Likert scale
from “strongly disagree” to “strongly agree” on a scale of 1-5, with entries 5 and 6 being reverse scored. The total score of
the scale ranges from 6 to 30, and the higher the score, the greater the loss of productivity due to working while sick. The
Cronbach’s alpha of the Chinese scale was 0.760. The Cronbach’s alpha for this scale in our sample was 0.709.

The scale of emotional labor for nurses. The Scale of Emotional Labor for Nurses was compiled by Hong and Kim
in 2018 [21], and translated and validated in Chinese by Ying Yao in 2021 [22]. The scale contains three dimensions
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of specialized emotion regulation, patient-centered emotion suppression, and standardized emotion play, consisting of
16 specific entries. A Likert 5-point scale was used, with a total score of 16—80, with higher scores indicating a greater
degree of emotional labor on the part of the nurse at work. The Cronbach’s alpha of the Chinese scale was 0.862. The
Cronbach’s alpha for this scale in this study was 0.920.

Data collection

The online questionnaire star platform (https://www.wjx.cn) was used as the data collection tool for this study. The ques-
tionnaire covers all the variables and entries required for the study. The puproseOf the survey, its content and how to fill

it out were fully described in the introductory section. It was also emphasized that submission of the questionnaire consti-
tuted consent to participate in the study. The nurses were assured that the questionnaire was anonymous, that there were
no right or wrong answers, and that they could withdraw from the study at any time. The nursing departments of participat-
ing hospitals distributed the survey link or QR code through ICU head nurses to eligible participants. Nurses accessed the
questionnaire page by clicking the link or scanning the QR code to complete and submit the questionnaire online. Screen-
ing questions were set at the beginning of the questionnaire for nurses to judge whether they met the inclusion criteria,
and those who did not would not be able to continue to fill out the questionnaire. The IP address restriction function of the
questionnaire platform ensured that each nurse could only fill in the questionnaire once. When analyzing the data, ques-
tionnaires with a response time of <2min and those with the same option in the Alarm Fatigue Scale were screened out to
ensure the authenticity and validity of the questionnaire.

Statistical analysis

Descriptive statistical analysis of the general demographic characteristics of the nurses was conducted using SPSS 24.0
statistical software. We employed latent profile analysis (LPA) to identify distinct profiles of alarm fatigue among ICU nurses. As
a person-centered clustering method, LPA classifies individuals into unobserved latent subgroups based on similar response
patterns across observed continuous variables [23]. LPA was performed using Mplus 8.3 software and the scores of the dimen-
sions of the Alarm Fatigue Scale were used as observational indicators. To determine the optimal number of latent profiles,
several model fit indices were compared, including the Akaike Information Criterion (AlC), Bayesian Information Criterion (BIC),
adjusted BIC (aBIC), Entropy, Lo-Mendell-Rubin test (LMR), and Bootstrapped Likelihood Ratio Test (BLRT). These indices
collectively aid in evaluating the goodness of fit and the adequacy of the models, with lower AIC, BIC, and aBIC values, higher
Entropy values closer to 1, and statistically significant LMR and BLRT results(P<0.05) indicating a better model fit.

The statistical methods employed encompassed descriptive statistical calculations (means, standard deviations, per-
centages), chi-square (?) tests, rank-sum tests, and multinomial logistic regression analysis. The significance level was set
at a=0.05, with P<0.05 indicating statistically significant differences. For measurement data that do not follow a normal
distribution, the median is used as a way to provide a statistical description. The Kruskal-Wallis H test was used to com-
pare differences in demographic characteristics across profile categories, addressing ordinal variables and non-normal
distributions. Furthermore, to investigate the factors associated with the different latent profiles of alarm fatigue, multivar-
iate Logistic Regression analysis was performed. Prior to regression modeling, multicollinearity diagnostics were per-
formed. This analysis enabled us to examine the relationship between various predictors (e.g., sociodemographic factors,
work-related factors) and the latent profile membership, providing insights into the factors that contribute to the variability
in alarm fatigue experiences among ICU nurses.

Results
Participant characteristics

In this study, a survey was conducted among ICU nurses from 12 tertiary public hospitals in the Inner Mongolia Autono-
mous Region. After rigorous screening, 15 invalid questionnaires were excluded, resulting in the collection of 582 valid
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questionnaires, yielding an effective recovery rate of 97.5%. Among the participants, 240 (41.2%) hailed from Hohhot City,
63 (10.8%) from Baotou City, 31 (5.3%) from Ordos City, 46 (7.9%) from Tongliao City, another 46 (7.9%) from Hulunbeier
City, 67 (11.5%) from Bayannur City, 44 (7.5%) from Chifeng City, and 45 (7.7%) from Xing’anmeng City. Detailed general
information regarding the remaining study participants is presented in Table 2.

Potential profiling and naming of alarm fatigue in ICU nurses

In this study, four dimensions of the Alarm Fatigue Scale were used as observed variables to fit models 1-5, and the
specific fitting indices of each model are shown in Table 1. Based on the analysis of these results, the Lo-Mendell-Rubin
test (LMR) and Bootstrapped Likelihood Ratio test (BLRT) for Model 2, Model 3, and Model 4 were statistically significant
(P<0.05). In terms of model fitting performance, Model 3 demonstrated a significant reduction in Akaike Information Crite-
rion (AIC), Bayesian Information Criterion (BIC), and adjusted BIC (aBIC) values compared to Model 1 and Model 2, indi-
cating its superiority in fitting the data. Although Models 4 and 5 exhibited slightly lower AIC, BIC, and aBIC values, Model
3 was preferred due to the increased risk of overfitting associated with the complexity of higher-order models. Further-
more, Model 3 had an Entropy value of 0.841 (Entropy>0.8), indicating good classification accuracy, and the probability
of belonging to each latent class ranged from 0.911 to 0.954, both of which were superior to those of Model 4. Therefore,
Model 3 was selected as the optimal model for this study.

Fig 1 illustrates the distribution of mean alarm fatigue severity scores across three latent profiles in ICU nurses. The
x-axis represents four dimensions of the scale, while the y-axis represents the average score of each dimension. Based
on the distribution characteristics of scale scores, the profiles were classified as: low fatigue-robust tolerance (30.8%),
moderate fatigue (54.4%), and high fatigue-negative coping (14.9%). The alarm fatigue score of C1 category was
Median=16.5, IQR=13-18, which was mild alarm fatigue, and the scores of all dimensions were lower than those of C2
category and C3 category, especially in the dimension of work performance which was obviously at a low value, so it was
named as “low fatigue-robust tolerance group”. The alarm fatigue score of C2 category is Median=27, IQR=24-30, and
the scores of all dimensions are at a medium level, so it is named “moderate fatigue group”. The alarm fatigue score of
category C3 is Median =39, IQR=37—-43, which is the highest level, especially the score of work performance dimension
is significantly higher than that of categories C1 and C2, indicating that they lack effective coping strategies in the face of
stress, and therefore it is named as “high fatigue-negative coping group”.

Difference in characteristics among the latent classes

According to the results of the study average monthly income, number of children, frequency of night shifts, frequency of
overtime work, work satisfaction, health status and employee productivity score, and emotional labor score in the three
categories of alarm fatigue were not the same, and the differences were statistically significant (P<0.05), as shown in
Table 2.

2.4 Multinomial logistic regression analysis

The 3 potential profiles of nurse alarm fatigue were used as dependent variables, and the variables with statistically
significant differences in the univariate analysis were used as independent variables. Unsorted multicategorical logistic
regression was used for analysis because the parallel test P value was<0.001. The results of the multivariate logistic
regression analysis showed that the number of children, frequency of night shifts, health status and employee productivity,
and emotional labor were the influencing factors of ICU nurses’ alarm fatigue (P<0.05), as shown in Table 3. Among these
variables, participants without children were 83.6% less likely to be categorized in the“low fatigue-robust tolerancegroup
compared with participants with 22 children (B=-1.807, OR= 0.164, 95% CI: 0.055-0.494). In addition, nurses with a night
shift frequency of 1-4 times per month were more likely to fall into the“high fatigue-negative coping”group (B=-1.237,
OR= 0.290, 95% CI: 0.118-0.714). Furthermore, for each 1-point increase in the health status and employee productivity
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Table 1. ICU nurse alarm fatigue potential profile fit metrics (n=582).

Model AlC BIC aBIC Entropy P-value Class probability (%)
LMRT BLRT
1 11194.566 11229.498 11204.101 - - - -
2 10744.173 10800.937 10759.667 0.903 <0.001 <0.001 0.825\0.175
3 10435.974 10514.571 10457.428 0.841 <0.001 <0.001 0.308\0.544\0.149
4 10387.557 10487.986 10414.970 0.792 0.001 <0.001 0.109\0.463\0.284\0.145
5 10336.270 10458.532 10369.642 0.788 0.151 <0.001 0.121\0.288\0.339\0.111\0.141

Note: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; aBIC, adjusted Bayesian Information Criterion; LMRT, Lo—Mendell-Rubin
test; BLRT, Bootstrap Likelihood Ratio test.

https://doi.org/10.1371/journal.pone.0327644.t002

score, nurses showed 25.3% decreased odds of belonging to the“low fatigue-robust tolerance’group compared to the*high
fatigue-negative coping”group (B=-0.292, OR= 0.747, 95% CI: 0.684-0.815). For each 1-point increase in emotional labor
score, the“low fatigue-robust tolerance”group was less likely than the “high fatigue-negative coping”’group (B=-0.131, OR=
0.877, 95% CI: 0.836-0.920). Multicollinearity was assessed via variance inflation factors (VIF) and tolerance statistics. All

variables showed VIF <5, confirming no substantial collinearity issues, as shown in S1 Table.

Discussion
Status of alarm fatigue and demographic characteristics of the different categories

The results of this study showed that the ICU nurses’ alarm fatigue score was Median=26, IQR=19.75-31, consistent
with the findings of Ming Yueh [24], LEWANDOWSKA K [25], and others. These results indicate that the alarm fatigue
level among ICU nurses remains relatively high both domestically and internationally. This trend can be attributed to two
factors: (i) outdated medical equipment in most ICU units and decentralized alarm equipment results in burdensome
workflows and operational inefficiencies for nurses [26]; and (ii) frequent false and invalid alarms disrupt nurses’ judgment,
decrease work efficiency, and reduce their sensitivity to alarm signals [27].

To explore the heterogeneity among ICU nurses, LPA identified three distinct alarm fatigue profiles: (i) high fatigue-negative
coping group; (ii) moderate fatigue group; (iii) low fatigue-robust tolerance group. LPA revealed three distinct alarm fatigue pro-
files (low, moderate, high), uncovering hidden heterogeneity that traditional methods might overlook. This approach supports
more targeted interventions, which align with Leung’s emphasis on precision in subgroup-specific strategies [28].

For the high fatigue-negative coping group: nurses in this group exhibited high alarm fatigue across all dimension
scores. This group of nurses is mainly characterized by without children, night shifts 1—4 times per month, high level of
health status and employee productivity, and high burden of emotional labor. Such nurses mostly face problems such as
short working hours, insufficient clinical experience, and poor physical and mental health. And they have insufficient reg-
ulation of the balance between nursing work and their own orientation. When dealing with medical alerts, it is difficult for
them to deal with it effectively due to their lack of ability and experience. Targeted measures such as training, optimizing
the scheduling system, and providing psychological support reduce their fatigue.

With regard to the moderate fatigue group, as the largest proportion of the sample, nurses scored in the mid-range
across all dimensions. Their alarm fatigue should be closely monitored to prevent escalation. Reasonable staffing
arrangements and support could help maintain balance in their work and well-being.

For the low fatigue-robust tolerance group: Compared to the high fatigue-negative coping group, the moderate fatigue
group had lower scores on all dimensions. With better physical and mental state, they managed alarm stress with greater
ease. Their professionalism and experience could be used to mentor others and enhance team capacity through peer
support and collaboration.
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Table 2. General information of ICU nurses and one-way analysis of 3 potential profiles of alarm fatigue.

Variables Categories Overall low fatigue- Moderate fatigue | high fatigue- Test P-value
(n=582) robust tolerance | group (n=319) negative coping | statistics
group (n=176) group (n=87)

Gender female 517 (88.8) | 159 (90.3) 281 (88.1) 77 (88.5) x2=0.591 | 0.744
[n(%)] male 65(11.2) |17 (9.7) 38 (11.9) 10 (11.5)
Age 18-25 42 (7.2) 9 (5.1) 21(6.6) 12 (13.8) H=3271 | 0.195
[n(%)] 26-30 146 (25.1) | 45 (25.6) 81 (25.4) 20 (23.0)

31-40 336 (57.7) | 101 (57.4) 185 (58.0) 50 (57.5)

241 58 (10) 21 (11.9) 32(10.0) 5 (5.7)
Education blow bachelor’s degree 104 (17.9) | 36 (20.5) 49 (15.4) 19 (21.8) H=4.056 0.132
[n(%)] bachelor’s degree 469 (80.6) | 140 (79.5) 263 (82.4) 66 (75.9)

above bachelor’s degree 9(1.5) 0(0.0) 7(2.2) 2(2.3)
Professional title nurse 113 (19.4) |32(18.2) 61(19.1) 20 (23.0) H=0.057 | 0.972
[n(%)] nurse practitioner 194 (33.3) |60 (34.1) 115 (36.1) 19 (21.8)

charge nurse 224 (38.5) |73 (41.5) 106 (33.2) 45 (51.7)

associate chief nurse and above | 51 (8.8) 11 (6.3) 37 (11.6) 3(3.4)
Position [n(%)] nurse staff 503 (86.4) | 153 (86.9) 277 (86.8) 73 (83.9) X2=2.762 | 0.598

nursing group leader 64 (11.0) 19 (10.8) 32 (10.0) 13 (14.9)

head nurse and above 15 (2.6) 4 (2.3) 10 (3.1) 1(1.1)
Average monthly <4000¥ 109 (18.7) |35 (19.9) 50 (15.7) 24 (27.6) H=11.735 | 0.003
income [n(%)] 4000-8000¥ 349 (60.0) | 107 (60.8) 189 (59.2) 53 (60.9)

>8000¥ 124 (21.3) |34 (19.3) 80 (25.1) 10 (11.5)
Number of children |0 184 (31.6) |49 (27.8) 84 (26.3) 51 (58.6) H=27.953 | <0.001
[n(%)] 1 295 (50.7) | 98 (55.7) 170 (53.3) 27 (31.0)

22 103 (17.7) |29 (16.5) 65 (20.4) 9(10.3)
Night shift frequency | 0 81(13.9) |22 (12.5) 49 (15.4) 10 (11.5) H=10.165 |0.006
[n(%)] 1-4 per month 84 (14.4) |20 (11.4) 38 (11.9) 26 (29.9)

5-6 per month 187 (32.1) |47 (26.7) 115 (36.1) 25 (28.7)

27 per month 230 (39.5) |87 (49.4) 117 (36.7) 26 (29.9)
Frequency of over- | 0-1 per month 306 (52.6) | 100 (56.8) 173 (54.2) 33 (37.9) H=6.115 0.047
time work [n(%)] 2-3 per month 143 (24.6) |39 (22.2) 72 (22.6) 32 (36.8)

>4 per month 133 (22.9) |37 (21.0) 74 (23.2) 22 (25.3)
Satisfaction [n(%)] | satisfied 319 (54.8) | 121 (68.8) 147 (46.1) 51 (58.6) H=24.682 |<0.001

neutral 225(38.7) |49 (27.8) 145 (45.5) 31(35.6)

dissatisfied 38(6.5) | 6(3.4) 27 (8.5) 5 (5.7)
Alarm fatigue score [Median (IQR)] 26 16.5 (13-18) 27 (24-30) 39 (37-43) H=453.95 |<0.001

(19.75-31)

Health status and employee productivity score [Median | 18 (14-20) | 14 (11-18) 18 (16-20) 20 (18-21) H=106.375 | <0.001
(IQR)]
Emotional labor score [Median (IQR)] 64 (61-72) | 69 (63—74) 63 (60—65) 74 (71-80) H=149.816 | <0.001

Median (IQR), Median (25"-75th percentile).

https://doi.org/10.1371/journal.pone.0327644.t001

Factors influencing alarm fatigue profile among ICU nurses

Logistic regression analysis showed that nurses without children tended to have higher levels of alarm fatigue. Previ-
ous studies have shown that nurses without children have more severe levels of emotional exhaustion than nurses with
children [29]. Young and less experienced, these nurses may not have yet adapted to the high-intensity, fast-paced ICU
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Fig 1. Potential profiling of alarm fatigue in ICU nurses.
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environment. In contrast, nurses with children usually have caregiving experiences that enhance emotional regulation
and stress resilience. These experiences make them more patient and resilient when dealing with complex situations and
stress. Alarm management training, and support based on the Theory of Planned Behavior [30], may promote adaptive
responses and alarm-related outcomes.

Alarm fatigue was also influenced by night shift frequency. Ming Yue et al. pointed out that night shifts were an inde-
pendent influence on alarm fatigue [24]. And this study revealed that nurses working 1—4 night shifts per month expe-
rienced greater alarm fatigue compared to those working more than 4 night shifts monthly. This is possibly because of
insufficient adaptability to irregular night work, which increases sensitivity to environmental stressors such as persistent
alarms. Furthermore due to prolonged exposure to an environment filled with loud and frequent alarms. Nurses working
high frequency night shifts may gradually become numb to such sounds and even subconsciously and selectively ignore
them [31]. Just one study has shown that nurses working 12-hour shifts exhibit higher levels of alarm fatigue than nurses
working 24-hour shifts [25]. Therefore, it is crucial to optimize shift scheduling and increase night shift exposure for less
experienced staff, so as to facilitate their adaptation. It is also feasible to recalibrate alarm thresholds and reduce invalid
alerts through evidence-based guidelines [32].

ICU nurses with higher scores on the Health Status and Employee Productivity Scale were more likely to be cate-
gorized in the high fatigue-negative coping group. That is, nurses with more severe health status and employee pro-
ductivity had higher levels of alarm fatigue. Health status and employee productivity reflects nurses who are physically
present at work but cannot fully perform due to health challenges [33]. ICU nurses often face greater physical and
mental health challenges due to the high-intensity and high-stress nature of the work environment [34]. Chronic stress
and insufficient recovery time can compromise cognitive processing and responsiveness. Cognitive load theory states
that when task demands exceed processing capacity, it leads to cognitive overload, thus affecting the quality of per-
formance and decision-making [35]. Therefore, managers can reduce extrinsic cognitive load by optimizing the design
of alarm systems to reduce unnecessary alarms, clarifying alarm priorities and improving alarm presentation [36]. In
addition, work should be done to optimize staff deployment and schedule enough rest periods to help preserve nurses’
cognitive resources.
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Table 3. Results of multivariate logistic regression analysis (N=582).

Variable Low fatigue-robust tolerance group(ref. high Moderate fatigue group(ref. high fatigue-
fatigue-negative coping group) negative coping group)
B SE OR 95%ClI P-value |B SE OR 95%Cl P-value
L U L U
Health status and employee productivity score | -0.292 |0.045 |0.747 |0.684 |0.815 | <0.001 |-0.094 | 0.042 | 0.910 | 0.838 |0.989 |0.026
Emotional labor score -0.131 /0.025 |0.877 |0.836 |0.920 |<0.001 |-0.217 |0.024 |0.805 | 0.767 |0.844 |<0.001
Average monthly income(ref.>8000%)
<4000¥ 0.437 |0.584 |1.547 | 0.493 |4.856 |0.454 -0.032 | 0.559 |0.969 |0.324 | 2.895 |0.955
4000-8000¥% -0.077 |0.483 |0.926 |0.359 | 2.388 |0.873 -0.286 | 0.457 |0.751 |0.307 | 1.840 |0.532
Number of children(ref. 2 2)
0 -1.807 | 0.562 |0.164 |0.055 |0.494 |0.001 -2.136 | 0.541 |0.118 |0.041 | 0.341 |<0.001
1 -0.421 10.525 |0.657 |0.235 | 1.838 |0.423 -0.790 | 0.508 |0.454 |0.168 | 1.227 |0.120
Night shift frequency(ref. 27 per month)
0 -0.974 /0.531 |0.377 |0.133 | 1.068 |0.066 -0.488 | 0.508 | 0.614 |0.227 | 1.661 |0.337
1-4 per month -1.237 | 0.460 | 0.290 [0.118 | 0.714 |0.007 -1.267 |0.442 |0.282 |0.119 | 0.669 |0.004
5-6 per month -0.318 | 0.410 |0.727 |0.325 | 1.625 |0.438 0.090 |0.396 |1.094 | 0.503 |2.378 |0.821
Frequency of overtime work(ref. > 4per month)
0-1 per month 0.467 |0.420 |1.595 | 0.701 |3.632 |0.266 0.556 |0.400 |1.743 |0.796 |3.815 |0.165
2-3 per month -0.110 |0.452 | 0.896 |0.369 | 2.171 |0.807 -0.337 | 0.429 |0.714 |0.308 | 1.656 |0.432
Satisfaction(ref. dissatisfied)
satisfied -0.870 | 0.783 |0.419 |0.090 | 1.944 |0.267 -1.305 | 0.721 |0.271 |0.066 | 1.115 |0.070
neutral -0.970 1 0.800 |0.379 |0.079 | 1.817 |0.225 -1.083 | 0.732 |0.339 |0.081 |1.422 |0.139

Note: SE, standard error; OR, odds ratio; B, unstandardized coefficient; Cl, confidence interval; L: lower; U: upper.

https://doi.org/10.1371/journal.pone.0327644.t003

Emotional labor was another significant predictor of alarm fatigue. Emotional labor is the process by which nurses need
to manage and adjust their emotions to meet the demands of their work and the needs of their patients [37]. ICU is a high
emotional labor load workplace [38]. They are obliged to remain composed and empathetic — often in the face of critical
patient deterioration — which can deplete psychological reserves and reduce attention to alarms. A study by Ying Wang
et al [14] has pointed out the correlation between emotional labor and workplace alarm fatigue. To help sustain emotional
resilience and reduce alarm fatigue, it is important to set clear role definitions, minimize non-nursing tasks, and offer
access to counseling or emotional support resources.

Notably, average monthly income showed no statistical significance (P>0.05) in the multivariate logistic regression
analysis. This phenomenon could be attributed to the relatively homogeneous monthly income levels among nurses in
tertiary public hospitals within Inner Mongolia Autonomous Region, which constituted the primary sample source. Fur-
thermore, work experience emerged as a significant confounding factor in the analysis, with experienced nurses demon-
strating more efficient alert processing capabilities that potentially reduced alert fatigue levels. Potential interaction effects
were observed between factors such as health status and employee productivity and night shift frequency. Shift work-
induced physiological impairment may create synergistic effects by exacerbating both psychological stress and workload
pressure [39], collectively contributing to elevated alert fatigue. Future studies should systematically investigate these
confounding factors and interaction effects.

Beyond individualized interventions for nurses, systemic reforms are critical. Implementing machine learning algorithms
for dynamic adjustment of alert thresholds and latency parameters could enhance system specificity. The integration of
smartphones and wearable devices with intelligent filtering systems may facilitate prioritized alert recognition. National
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health authorities should establish standardized alert management protocols referencing international guidelines like those
from the American Heart Association [32] and American Association of Critical-Care Nurses [40], specifying setup criteria,
response timelines, and documentation requirements. Multidisciplinary teams including clinicians, biomedical engineers,
and informaticians should collaborate to develop comprehensive interventions addressing both technical and organiza-
tional dimensions of alarm fatigue.

Limitations

First, the cross-sectional design of this study limited its ability to establish a causal relationship for the correlations exam-
ined in this study. Therefore, longitudinal studies can be used in subsequent research to explore the interrelationships
between variables. Second, the study was confined to public tertiary hospitals in Inner Mongolia, China, limiting general-
izability to other regions or lower-tier hospitals. The study sample was predominantly female, which limits generalizability,
as more male participants may have produced different results. The female-majority sample limits broad applicability,

as more male participants might yield different results. Third, a potential selection bias should be considered, given the
convenience sampling approach. The use of an online questionnaire may have limited the participation of high-volume
nurses due to the high intensity of ICU work, frequent shifts and unexpected tasks. The sample was skewed toward lower
stress or time-appropriate groups. This may also result in biased results reflecting the true state of overall ICU nurses.
Future studies should use stratified or random sampling to reduce selection bias and improve representativeness. Finally,
all measurement outcomes were based on subjective reports, introducing social desirability and recall bias [41]. This may
not be able to comprehensively and objectively reflect the alarm fatigue status of ICU nurses over a long period of time
and under different workloads [42]. Future research should consider developing a more standardized and objective alarm
fatigue measurement tool to advance the field.

Conclusion

The alarm fatigue levels of ICU nurses can be categorized into three potential profiles: low fatigue-robust tolerance group,
moderate fatigue group, and high fatigue-negative coping group. Nurses with different profiles had significant differences
in the number of children, night shift frequency, health status and employee productivity, and emotional labor. Managers
should take certain psychological support and interventions to reduce nurses’ alarm fatigue as well as standardize the
alarm management system and clarify the scope of responsibilities so as to ensure patient safety.

Supporting information
S1 Table. Multicollinearity Diagnostics for Independent Variables in the Regression Model.
(DOCX)

S2 Table. Raw data.
(XLSX)

Acknowledgments

The authors thank all the participants in this study and the nursing administrators at the collaborating hospitals for sup-
porting the survey. All authors read and approved the final manuscript before submitting it to the journal for publication.

Author contributions
Data curation: Liya Li.

Formal analysis: Yanling Chen.

PLOS One | https://doi.org/10.137 1/journal.pone.0327644  July 7, 2025 10/12



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0327644.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0327644.s002

PLO\Sﬁ\\.- One

Investigation: Liya Li.

Methodology: Liya Li.

Resources: Wenxia Zhang.

Writing — original draft: Liya Li.

Writing — review & editing: Wenxia Zhang, Yanling Chen.

References

1.

10.

1.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

Rayo MF, Moffatt-Bruce SD. Alarm system management: evidence-based guidance encouraging direct measurement of informativeness to improve
alarm response. BMJ Qual Saf. 2015;24(4):282—6. https://doi.org/10.1136/bmjgs-2014-003373 PMID: 25734193

Shaoru C, Hui Z, Su W, Ruxin J, Huiyi Z, Hongmei Z, et al. Determinants of Medical Equipment Alarm Fatigue in Practicing Nurses: A Systematic
Review. SAGE Open Nurs. 2023;9:23779608231207227. https://doi.org/10.1177/23779608231207227 PMID: 37927965

Wang L. Management of clinical alarms from medical equipment and alarm fatigue among ICU nurses. Chongging: Army Medical University of the
Chinese People’s Liberation Army. 2022.

Sendelbach S, Wahl S, Anthony A, Shotts P. Stop the Noise: A Quality Improvement Project to Decrease Electrocardiographic Nuisance Alarms.
Crit Care Nurse. 2015;35(4):15-22; quiz 1p following 22. https://doi.org/10.4037/ccn2015858 PMID: 26232798

Purbaugh T. Alarm fatigue: a roadmap for mitigating the cacophony of beeps. Dimens Crit Care Nurs. 2014;33(1):4—7. https://doi.org/10.1097/
DCC.0000000000000014 PMID: 24310707

Cvach M. Monitor alarm fatigue: an integrative review. Biomed Instrum Technol. 2012;46(4):268—77. https://doi.org/10.2345/0899-8205-46.4.268
PMID: 22839984

Sowan A. Effective dealing with alarm fatigue in the intensive care unit. Intensive Crit Care Nurs. 2024;80:103559. https://doi.org/10.1016/].
iccn.2023.103559 PMID: 37801853

Armbruster C, Walzer S, Witek S, Ziegler S, Farin-Glattacker E. Noise exposure among staff in intensive care units and the effects of unit-based
noise management: a monocentric prospective longitudinal study. BMC Nurs. 2023;22(1):460. https://doi.org/10.1186/s12912-023-01611-3 PMID:
38057790

Pelletier MG. Improving medical device alarm safety in hospitals. J Nurs Care Qual. 2013;28(4):292—4. https://doi.org/10.1097/
NCQ.0b013e3182a268b9 PMID: 23938357

Doyon O, Raymond L. Surveillance and patient safety in nursing research: A bibliometric analysis from 1993 to 2023. J Adv Nurs. 2024;80(2):777—
88. https://doi.org/10.1111/jan.15793 PMID: 37458320

Leone MJ, Dashti HS, Coughlin B, Tesh RA, Quadri SA, Bucklin AA, et al. Sound and light levels in intensive care units in a large urban hospital in
the United States. Chronobiol Int. 2023;40(6):759-68. https://doi.org/10.1080/07420528.2023.2207647 PMID: 37144470

Storm J, Chen H-C. The relationships among alarm fatigue, compassion fatigue, burnout and compassion satisfaction in critical care and step-
down nurses. J Clin Nurs. 2021;30(3—4):443-53. https://doi.org/10.1111/jocn.15555 PMID: 33174282

Winters BD, Cvach MM, Bonafide CP, Hu X, Konkani A, O’Connor MF, et al. Technological Distractions (Part 2): A Summary of Approaches to
Manage Clinical Alarms With Intent to Reduce Alarm Fatigue. Crit Care Med. 2018;46(1):130-7. https://doi.org/10.1097/CCM.0000000000002803
PMID: 29112077

Wang Y, Sha LY, Liu Y. Study on the impact of alarm fatigue and emotional labor in the work environment on job burnout among ICU nurses. Chin
Nurs Manag. 2022;22(9):1405-10.

Li GF, Zhang GZ, Huang J, Yang XY, Li J)\édjgtirdaﬁging HErecimga cegiersapport on the association between job stress and presenteeism
among ICU nurses. Chin J Crit Care Nurs. 2024;5(3):255-61.

Ni P, Chen JL, Liu N. Sample size estimation in quantitative research in nursing. Chin J Nurs. 2010;45(4):378-80.

Torabizadeh C, Yousefinya A, Zand F, Rakhshan M, Fararooei M. A nurses’ alarm fatigue questionnaire: development and psychometric properties.
J Clin Monit Comput. 2017;31(6):1305—12. https://doi.org/10.1007/s10877-016-9958-x PMID: 27848141

Liu J, Liu J, Huang XH, Xiang YP, Ruan TT, Liu H. Translation and validation of the ICU Nurse Alarm Fatigue Scale in Chinese. Chin Nurs Manag.
2021;21(4):522-5.

Koopman C, Pelletier KR, Murray JF, Sharda CE, Berger ML, Turpin RS, et al. Stanford presenteeism scale: health status and employee productiv-
ity. J Occup Environ Med. 2002;44(1):14-20. https://doi.org/10.1097/00043764-200201000-00004 PMID: 11802460

Zhao F, Dai J, Yan S. Reliability and validity of Stanford Presenteeism Scale Chinese version. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi.
2010;28(9):679-82. PMID: 21126483

Hong J, Kim O. Development and validation of an emotional labour scale for nurses. J Nurs Manag. 2019;27(3):509—16. https://doi.org/10.1111/
jonm.12705 PMID: 30133808

Yao Y. The status quo of nurses’ emotional labor and its relationship with work engagement. Zhengzhou: Zhengzhou University. 2021.

PLOS One | https:/doi.org/10.1371/journal.pone.0327644  July 7, 2025 11712



https://doi.org/10.1136/bmjqs-2014-003373
http://www.ncbi.nlm.nih.gov/pubmed/25734193
https://doi.org/10.1177/23779608231207227
http://www.ncbi.nlm.nih.gov/pubmed/37927965
https://doi.org/10.4037/ccn2015858
http://www.ncbi.nlm.nih.gov/pubmed/26232798
https://doi.org/10.1097/DCC.0000000000000014
https://doi.org/10.1097/DCC.0000000000000014
http://www.ncbi.nlm.nih.gov/pubmed/24310707
https://doi.org/10.2345/0899-8205-46.4.268
http://www.ncbi.nlm.nih.gov/pubmed/22839984
https://doi.org/10.1016/j.iccn.2023.103559
https://doi.org/10.1016/j.iccn.2023.103559
http://www.ncbi.nlm.nih.gov/pubmed/37801853
https://doi.org/10.1186/s12912-023-01611-3
http://www.ncbi.nlm.nih.gov/pubmed/38057790
https://doi.org/10.1097/NCQ.0b013e3182a268b9
https://doi.org/10.1097/NCQ.0b013e3182a268b9
http://www.ncbi.nlm.nih.gov/pubmed/23938357
https://doi.org/10.1111/jan.15793
http://www.ncbi.nlm.nih.gov/pubmed/37458320
https://doi.org/10.1080/07420528.2023.2207647
http://www.ncbi.nlm.nih.gov/pubmed/37144470
https://doi.org/10.1111/jocn.15555
http://www.ncbi.nlm.nih.gov/pubmed/33174282
https://doi.org/10.1097/CCM.0000000000002803
http://www.ncbi.nlm.nih.gov/pubmed/29112077
https://doi.org/10.1007/s10877-016-9958-x
http://www.ncbi.nlm.nih.gov/pubmed/27848141
https://doi.org/10.1097/00043764-200201000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11802460
http://www.ncbi.nlm.nih.gov/pubmed/21126483
https://doi.org/10.1111/jonm.12705
https://doi.org/10.1111/jonm.12705
http://www.ncbi.nlm.nih.gov/pubmed/30133808

PLO\Sﬁ\\.- One

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

Spurk D, Hirschi A, Wang M, Valero D, Kauffeld S. Latent profile analysis: A review and “how to” guide of its application within vocational behavior
research. Journal of Vocational Behavior. 2020;120:103445. https://doi.org/10.1016/j.jvb.2020.103445

Ming Y, Wang QS, Huang RR, Jiang YY, Li YL, Cai P, et al. Study on the influencing factors of alarm fatigue among ICU nurses. J Nurs Sci.
2024;39(6):27-31.

Lewandowska K, Medrzycka-Dgbrowska W, Tomaszek L, Wujtewicz M. Determining Factors of Alarm Fatigue among Nurses in Intensive Care
Units-A Polish Pilot Study. J Clin Med. 2023;12(9):3120. https://doi.org/10.3390/jcm12093120 PMID: 37176561

Movahedi A, Sadooghiasl A, Ahmadi F, Vaismoradi M. A grounded theory study of alarm fatigue among nurses in intensive care units. Aust Crit
Care. 2023;36(6):980-8. https://doi.org/10.1016/j.aucc.2022.12.004 PMID: 36737263

Wang ZX, Gu Y. Research progress on coping strategies for alarm fatigue among nurses in intensive care units. Chin J Nurs Adm. 2021;21(6):912—
5. https://doi.org/10.3969/j.issn.1672-1756.2021.06.022

Leung CLK, Li K-K, Wei VWI, Tang A, Wong SYS, Lee SS, et al. Profiling vaccine believers and skeptics in nurses: A latent profile analysis. Int J
Nurs Stud. 2022;126:104142. https://doi.org/10.1016/j.ijnurstu.2021.104142 PMID: 34923316

Du XY, Mi JR, Yilixiati A, Song YY, Li MK, Liu YL. Study on the current status and influencing factors of emotional exhaustion among nurses in
tertiary public hospitals in China. Chin Hosp Manag. 2024;44(8):23-8.

Yao MX, Wu GL, Peng ZH, Chen JJ, Lu XX. A qualitative study on the behavioral intention of neonatal nurses towards alarm management of elec-
trocardiogram monitors from the perspective of the theory of planned behavior. Chin J Nurs Adm. 2023;23(2):215-9.

Scott JB, De Vaux L, Dills C, Strickland SL. Mechanical Ventilation Alarms and Alarm Fatigue. Respir Care. 2019;64(10):1308-13. https://doi.
org/10.4187/respcare.06878 PMID: 31213570

Sandau KE, Funk M, Auerbach A, Barsness GW, Blum K, Cvach M, et al. Update to Practice Standards for Electrocardiographic Monitoring in
Hospital Settings: A Scientific Statement From the American Heart Association. Circulation. 2017;136(19):e273-344. https://doi.org/10.1161/
CIR.0000000000000527 PMID: 28974521

Freeling M, Rainbow JG, Chamberlain D. Painting a picture of nurse presenteeism: A multi-country integrative review. Int J Nurs Stud.
2020;109:103659. https://doi.org/10.1016/j.ijnurstu.2020.103659 PMID: 32585449

Li GF, Zhang GZ, Huang J, Yang XY, Li JY. Analysis of the mediating effect of perceived social support on the relationship between job stress and
presenteeism among ICU nurses. Chin J Crit Care Nurs. 2024;5(3):255-61.

van Merriénboer JJG, Sweller J. Cognitive load theory in health professional education: design principles and strategies. Med Educ.
2010;44(1):85-93. https://doi.org/10.1111/j.1365-2923.2009.03498.x PMID: 20078759

Goldart E, Else S, Assadi A, Ehrmann D. Tired of “alarm fatigue” in the intensive care unit: taking a fresh path to solutions using cognitive load
theory. Intensive Care Med. 2024;50(6):994—6. https://doi.org/10.1007/s00134-024-07450-3 PMID: 38709294

Hochschild AR. The managed heart: commercialization of human feeling. Berkeley, CA: University of California Press. 1983.
Li W, Zhang ZY, Yu Y, Gao MX, He YX, Jiang NN. Analysis of the Mediating Effect of Job Burnout on the Relationship Between Emotional Labor
and Turnover Intention Among ICU Nurses. Chin J Crit Care Nurs. 2023, 4(8): 741-6.

Wu J, LiY, Lin Q, Fan Y, Zhang J, Liu Z, et al. The mediating role of perceived social support between work-family conflict and presenteeism
among ICU nurses working shift work in Chinese public hospitals: A cross-sectional investigation. PLoS One. 2024;19(8):e0308673. https://doi.
org/10.1371/journal.pone.0308673 PMID: 39137209

Bosma S, Christopher R. Implementing a Unit-Based Alarm Management Bundle for Critical Care Nurses. Crit Care Nurse. 2023;43(2):36—45.
https://doi.org/10.4037/ccn2023418 PMID: 37001877

Veenman MVJ. Alternative assessment of strategy use with self-report instruments: a discussion. Metacognition Learning. 2011;6(2):205-11.
https://doi.org/10.1007/s11409-011-9080-x

Wang L, Song CP. Research progress on clinical alarm management of electrocardiographic monitors in intensive care units. Chin Nurs Manag.
2022;22(2).

PLOS One | https://doi.org/10.1371/journal.pone.0327644  July 7, 2025 12712



https://doi.org/10.1016/j.jvb.2020.103445
https://doi.org/10.3390/jcm12093120
http://www.ncbi.nlm.nih.gov/pubmed/37176561
https://doi.org/10.1016/j.aucc.2022.12.004
http://www.ncbi.nlm.nih.gov/pubmed/36737263
https://doi.org/10.3969/j.issn.1672-1756.2021.06.022
https://doi.org/10.1016/j.ijnurstu.2021.104142
http://www.ncbi.nlm.nih.gov/pubmed/34923316
https://doi.org/10.4187/respcare.06878
https://doi.org/10.4187/respcare.06878
http://www.ncbi.nlm.nih.gov/pubmed/31213570
https://doi.org/10.1161/CIR.0000000000000527
https://doi.org/10.1161/CIR.0000000000000527
http://www.ncbi.nlm.nih.gov/pubmed/28974521
https://doi.org/10.1016/j.ijnurstu.2020.103659
http://www.ncbi.nlm.nih.gov/pubmed/32585449
https://doi.org/10.1111/j.1365-2923.2009.03498.x
http://www.ncbi.nlm.nih.gov/pubmed/20078759
https://doi.org/10.1007/s00134-024-07450-3
http://www.ncbi.nlm.nih.gov/pubmed/38709294
https://doi.org/10.1371/journal.pone.0308673
https://doi.org/10.1371/journal.pone.0308673
http://www.ncbi.nlm.nih.gov/pubmed/39137209
https://doi.org/10.4037/ccn2023418
http://www.ncbi.nlm.nih.gov/pubmed/37001877
https://doi.org/10.1007/s11409-011-9080-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

