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Background: Responding to inpatient deterioration is less favorable at night than during the day, and this may be related to barriers in 
collaboration between physicians and nurses. However, there had been no way to assess the problem. This study aimed to develop 
a scale for physicians to measure difficulties in nighttime collaboration with nurses in response to deteriorating inpatients and to 
identify factors associated with the developed scale scores.
Methods: We developed a draft scale of Nighttime Collaboration Difficulties between Nurses and Physicians for Physicians 
(NCDNP-P) based on key informant interviews with physicians. Psychometric validations, including structural validity, criterion- 
related validity, and reliability tests, were conducted among physicians who worked on night duty or on call in acute-care hospitals in 
Japan using a cross-sectional web-based questionnaire. Multiple linear regression analyses were performed using independent 
variables including individual backgrounds, style of working at night, and facility characteristics.
Results: By performing exploratory factor analysis, we confirmed the structural validity of the NCDNP-P, consisting of seven items 
and two domains (Domain 1: Dissatisfaction with reporting, Domain 2: Barriers to working with nurses). Cronbach’s alpha and 
McDonald’s omega coefficients were 0.81–0.84 and 0.81–0.89, respectively. The criterion-related validity for interprofessional 
collaboration was confirmed. Multiple regression analysis revealed that the variables employment status, number of night shifts, 
frequency of nighttime calls about patients under another physician’s charge, and handover between physicians before changing shifts 
were statistically significantly associated with NCDNP-P scores.
Conclusion: We developed the NCDNP-P, confirming its reliability and validity. Identified factors reflect physicians’ characteristics 
and the problems experienced working at night and may be associated with barriers in nighttime collaboration. The NCDNP-P can 
highlight issues in clinical settings and lead to the consideration of initiatives to address such issues.
Keywords: clinical deterioration, interprofessional collaboration, scale development, nighttime

Introduction
In hospitalized patients, clinical deterioration often occurs during usual care. If the patient is provided with inappropriate care, this 
increases the risk of adverse outcomes such as unanticipated disease progression, cardiac arrest, and death.1–3 There has been 
increasing interest in an efficient response to clinical deterioration in hospitalized patients from a perspective of patient safety and 
improving the quality of care, and active measures such as rapid response systems (RRS) to respond to clinical deterioration have 
been implemented. Despite these measures, challenges remain related to care processes such as the occurrence of delays in RRS 
activation at night,3,4 and poorer clinical outcomes, including increased mortality rates, at night.4–6

Appropriate escalation of care requires a series of efficient processes, including recognition of clinical deterioration, 
recording and reporting, and response. Physicians usually play a central leadership role and are required to have 
appropriate situation awareness and prompt responses or orders in responding to deteriorating patients.7,8 Nurses play 
a key role in executing the escalation of care process, from recognition to reporting, and require competencies to 
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correctly assess and care for patients and make referrals of deteriorating patients to physicians.9,10 Many studies have 
documented challenges in communication or collaboration between physicians and nurses in this process; however, these 
barriers remain in clinical practice.11–13 In addition, a previous scoping review regarding nighttime detection and 
response to clinical deterioration identified a gap in research concerning nighttime interprofessional communication 
and collaboration in response to deteriorating patients.14 Accordingly, knowledge development that focuses on nighttime 
interprofessional collaboration may help address the challenges of responding to clinical deterioration at night.

Previous evidence showed that approximately 80% or more of the calls received by physicians during the night were from 
nurses,15,16 and more than half of the calls were deemed urgent in terms of the nature of the call.17,18 These characteristics 
emphasize the importance of the interaction between physicians and nurses in response to clinical deterioration at night. Barriers 
to nighttime communication between physicians and nurses have been reported as a theme of a general phenomenon, and 
cognitive differences between physicians and nurses were considered a factor in the barriers.19 In the concept of interprofessional 
and physician–nurse collaboration, understanding and mutual respect for another role are key elements.20–22 Having different 
perceptions about the problem between physicians and nurses may hinder effective collaboration. On the other hand, physicians 
and nurses have different roles, so they face different barriers and difficulties when collaborating; therefore, understanding each 
perspective is also necessary to address the nighttime collaboration problem. Focusing on the nighttime physician’s role, when 
dealing with clinical deterioration, physicians need to have appropriate comprehension of the situation and make therapeutic 
decisions, even if they are unfamiliar with the patient because of nighttime cross-coverage.23 Focusing on the difficulties of 
collaborating with nurses during the night, based on the physician’s perspective, will not only help physicians to understand and 
deal with problems in their practice but also help nurses to understand another’s perspective.

Understanding the nighttime physician–nurse collaborative practice in an acute-care setting and identifying relevant 
barriers can lead to revealing the problem, as well as considering novel interventions that improve the quality of 
nighttime care. However, relevant research is currently limited to pursuing understanding through qualitative or 
descriptive methods. Improving understanding of the quantitative aspect and developing evaluation studies could help 
advance this area. Measuring instruments of difficulties during nighttime collaboration would facilitate the development 
of interventions to improve practice and would help evaluate the effectiveness of those interventions. Although some 
existing scales have been used to evaluate collaboration and cooperation between nurses and physicians,24–27 the 
constructs and items of these scales do not reflect collaboration in the situation of responding to deteriorating patients 
at night. Therefore, we need a novel measure instrument to capture the concept of the difficulties physicians face in 
collaborating with nurses at night concerning responding to clinical deterioration.

The aims of this study were: (i) to develop a scale to measure physicians’ difficulties in nighttime collaboration with 
nurses in response to deteriorating inpatients; and (ii) to explore relevant factors including individual backgrounds, way 
of working at night (employment, number of night shifts, and cross-covering), and facility characteristics.

Materials and Methods
Design
We undertook a two-phase research investigation to develop a novel scale. For Phase 1, we interviewed physicians 
working on night shifts to identify the pattern of physicians’ difficulties in nighttime collaboration with nurses and to 
develop a draft scale. Subsequently, for Phase 2, we conducted a cross-sectional questionnaire survey among physicians 
working night shifts to test the validity and reliability of the scale. In phase 2, the survey also included an analysis to 
explore factors relevant to the scale score. The process of the study is illustrated in Figure 1.

Phase 1: Development of a Draft Scale
Item Generation
Initially, we conducted a preliminary literature review for item pooling. The review found 17 previous studies related to 
nighttime physician–nurse collaboration or communication (Supplementary 1), which provided us with some findings, 
but there were too few to pool the items. Thus, we conducted key informant interviews to generate the items by analyzing 
and synthesizing them.28
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We defined the key informant physician as (i) currently working at an acute-care hospital and (ii) working three or more 
night shifts in the past three months. We used snowball sampling to recruit physicians who were currently working night shifts. 
As a result, seven physicians participated and were interviewed individually. Participants included three internal medicine 
physicians and four surgeons from four different hospitals, and their experience ranged from 3 to 10 years.

The interview design was semi-structured. The first author (SH) conducted interviews using an interview guide 
(Supplementary 2). All interviews were conducted remotely using the video conferencing system Zoom (Zoom Video 
Communications, Inc., San Jose, CA, USA) and ranged in duration from 44 to 56 minutes. The interviews were 
conducted from August to November 2022. The data from each interview were transcribed and analyzed using Braun 
and Clarke’s reflexive thematic analysis.29,30 No new patterns emerged in the final few interviews, indicating that 
saturation had been reached. Thematic analysis found common patterns inductively by coding the physician’s narrative 
related to nighttime barriers to collaborating with nurses and categorizing them based on their similarities. Consequently, 
we developed two themes and seven subthemes via thematic analysis (Table 1). We determined to derive the subthemes 

Figure 1 Process of the study.
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as the questionnaire items by considering the abstraction level of the expressed concepts and generated seven items. 
Finally, we rechecked the previous studies regarding nighttime physician–nurse collaboration to confirm whether the 
items covered previously reported findings, and no additional items were added.

Face and Content Validity
Before conducting the main survey, we assessed the clarity and content validity of the draft items by calculating the item- 
level content validity index (I-CVI) and the scale-level content validity index (S-CVI).31 Physicians who had participated 
in the prior interviews were asked to assess the clarity and content validity. Participants rated each item in the draft scale 
on a four-point scale (1 = not relevant to 4 = relevant), to assess whether the item content adequately indicated the 
difficulty of nighttime collaboration and whether the text facilitated recall of the situation. Based on previous research an 
I-CVI value of 0.78 or higher was considered acceptable.31 The S-CVI was computed using the mean of the I-CVIs, and 
an S-CVI value of 0.90 or higher was considered acceptable.31 Five of the seven physicians who had participated in the 
individual interviews assessed the clarity and content validity, and all participants rated all items as 3 or 4 points; thus the 
I-CVIs and the S-CVI values were all 1.0. We also asked participants to add item content if they thought that additional 
items were needed; however, no item content was added. The draft scale of Nighttime Collaboration Difficulties between 
Nurses and Physicians for Physicians (NCDNP-P) thus consisted of the seven items identified in the original physician 
interviews.

Phase 2: Psychometric Testing and Exploring Relevant Factors
Participants and Data Collection
We conducted a nationwide cross-sectional questionnaire survey among physicians who were working on night duty or 
on call in acute-care hospitals in Japan. An acute-care hospital was defined as a hospital with intensive care units (ICUs) 
or high dependency units (HDUs). The inclusion criteria for participation were: (i) involvement in the care and 
management of patients in general wards during the night, and (ii) having worked night shifts within the past month. 
The exclusion criteria were physicians currently working with outpatients or in other departments such as obstetrics, 
psychiatry, intensive care or high dependency care, or end-of-life palliative care.

A total of 994 hospitals in Japan had ICUs or HDUs, of which 88 were special-functioning hospitals with large bed 
numbers, advanced medical care provision, or training facilities.32,33 We randomly selected 30 special-functioning 
hospitals and 80 hospitals other than special-functioning hospitals, which were generally relatively small-scale hospitals. 
A web-based survey was designed using Google Forms (Google LLC, Mountain View, CA, USA). We mailed flyers 
containing a Quick Response (QR) code to access the survey form to the hospital directors of the selected hospitals and 
requested that they distribute them to each clinical department in the hospital. Participants could read the QR code using 
digital devices such as smartphones, and then answered the questions on the web. We designed the survey so that the 
participants who accessed the form were first required to confirm their informed consent about this study before they 
began answering. The survey form also included an item requesting consent for retesting. The participants who consented 
to retesting were sent the retest survey form by email. The retest was administered two weeks after completion of the first 

Table 1 Conceptual Themes and Subthemes Developed from Interviews with 
Physicians

Themes Subthemes

Dissatisfaction with reporting Difficulty obtaining information on patients
Difficult grasping the situation due to inefficient reporting
Nighttime reports considered to be unnecessary

Delayed necessary nighttime reports

Barriers to working with nurses Lack of support from nurses

Nurse’s personality and relationships

Nurse’s attitudes and reactions
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test. We provided a reward (gift card of 500 JPY) to all survey participants; no additional reward was provided for 
participating in the retesting. The survey data were collected from July to September 2023. Data obtained from 
respondents were compiled on the Google Forms system. For analysis, a data set was downloaded from there, and 
cleansing was performed using Microsoft Excel (Microsoft Corporation, Redmond, WA, USA).

Instruments
The survey questionnaire included two instruments, one being the draft scale of the NCDNP-P. We understood from our 
interviews that difficulties in nighttime collaboration would be influenced by the frequency of encountering that event. 
For instance, there seemed to be differences in the intensity of feeling difficulties regarding similar difficulties or barriers 
between physicians who often experienced them and those who rarely experienced them. Therefore, we chose the 
unipolar adjectival scale and asked about the frequency. Each item of the NCDNP-P was scored on a five-point Likert- 
type scale (0 = never experienced, 1 = rarely experienced, 2 = sometimes experienced, 3 = often experienced, 4 = always 
experienced). The NCDNP-P is a physician-response scale that scores difficulties in collaborating with nurses at night. 
Scores for each item on the scale are summed, with higher scores indicating greater difficulty.

The other instrument, the Interprofessional Collaboration Scale (ICS), was used to test criterion-related validity. The 
ICS was developed and validated by Kenaszchuk et al34 and was constructed so that any professional could rate other 
professional groups. The ICS consists of 13 items that are divided into three factors: (i) Communication, (ii) 
Accommodation, and (iii) Isolation. Items are rated on a 4-point agreement scale (1 = strongly disagree to 4 = strongly 
agree) including reverse-scored items. The mean score for items loading on each of the three factors was calculated, with 
higher scores indicating better interprofessional collaboration. Kenaszchuk et al34 estimated the internal consistency of 
the ICS using Raycov’s composite reliability coefficient ρ, with ρ for physicians’ ratings of nurses being 0.80, 0.86, and 
0.71 for Communication, Accommodation, and Isolation, respectively. Although there are some specific scales available 
for measuring physician–nurse or interprofessional collaboration, we decided to use the ICS because this scale can be 
rated subjectively from each professional perspective. Because no Japanese version of the ICS had been developed, we 
translated the ICS into Japanese with the permission of the original authors. The translated ICS was also back-translated 
by a third-party professional, and the back-translation was reviewed by the original authors before proceeding.

Independent Variables for Exploring Relevant Factors
To explore factors relevant to the difficulties of nighttime collaboration, independent variables of the multiple regression 
analysis were considered based on previous studies and discussions among the researchers.15–19,35–40 We finally selected 
and collected information on the following respondent characteristics: gender, years of experience as a physician, years 
of work in the current workplace, hospital type, employment, clinical specialty, number of night shifts per month, 
provision of night cover care for patients under another physician’s charge, frequency of nighttime calls about patients 
under another physician’s charge, handover before changing shifts, concurrent work in outpatient services, and the 
availability of RRS at night.

Statistical Analysis
Descriptive statistics were reported as means and standard deviations (SD) for continuous variables and as frequencies 
and percentages for categorical variables. All statistical tests were two-tailed and the significance level α was 0.05. All 
statistical analyses were performed using R version 4.2.1 (The R Foundation for Statistical Computing, Vienna, Austria).

Assessing the Validity and Reliability of the NCDNP-P
The item analysis was performed to confirm the characteristics of the NCDNP-P items, checking the ceiling effect (mean 
+ SD > 4), floor effect (mean − SD < 0), and item-total correlation coefficients (r < 0.3). We performed exploratory factor 
analysis (EFA) to determine the scale’s factor structure. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy 
(MSA > 0.5) and Bartlett’s test of sphericity (p < 0.05) were used to confirm the adequacy of the EFA performance. The 
number of factors was determined based on the Kaiser-Guttman criterion of retaining factors with eigenvalues greater 
than 1.0, and parallel analysis. The EFA was performed using the maximum likelihood method with Harris-Kaiser 
independent cluster rotation, and items with factor loadings greater than 0.4 and with factor loadings contributing to only 
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one factor were accepted. Criterion-related validity between the score of the NCDNP-P and the total score of the ICS was 
tested using Pearson’s correlation coefficient. We hypothesized that the scores of the two scales would be negatively 
correlated. Cronbach’s alpha and McDonald’s omega coefficients were calculated to estimate the internal consistency of 
the scale, and each value greater than 0.7 was considered acceptable Interrater reliability for the stability of rating the 
scale was validated using the test-retest method. The test-retest reliability was confirmed by calculating the intraclass 
correlation coefficients (ICCs).

Exploring Relevant Factors
Multiple linear regression analysis was performed to identify factors associated with the NCDNP-P score. Variables were 
entered into the model using the forced entry method with predetermined variables as independent variables. Data with 
missing values for any of the independent variables were removed before analysis using a listwise method. We checked 
the variance inflation factor (VIF) of the multiple regression model using a value greater than 10 as an indicator of 
multicollinearity. Categorical variables were converted to dummy variables and entered into the multiple regression 
analysis. The variables “frequency of nighttime calls about patients under another physician’s charge” and “frequency of 
handover before changing shifts” were dichotomized from the 4-point responses to “never and seldom” and “sometimes 
and often” categories and used in the analysis. To indicate the effect of the independent variables on the NCDNP-P, 
standardized partial regression coefficients, p values, coefficients of determination, and adjusted coefficients of determi-
nation were calculated for each variable in the multiple regression model.

Ethical Considerations
This study was conducted following the ethical principles of the Declaration of Helsinki, and with the approval of the 
ethics committee of Tokyo Medical and Dental University (approval numbers M2022-040 and M2023-011 for the key 
informant interviews and survey, respectively). All participants provided informed consent and their privacy and 
anonymity were protected.

Results
Characteristics of Participants
A total of 277 respondents consented to participate in the survey, but 41 were excluded because they did not match the 
eligibility criteria, and one was excluded because it was a duplicate response; therefore, the responses from 235 
respondents were included in the analysis to assess the scale for validity and reliability. Of the 235 respondents, 77 
participated in the test-retest survey. Data with missing values for independent variables were removed using the listwise 
method and 228 sets of responses (surveys) were analyzed using multiple linear regression.

The demographic characteristics of the respondents are shown in Table 2. Among the respondents, 86.1% (n = 199) 
were male, their mean years of experience as a physician were 13.4 years, 86.4% (n = 203) were full-time workers, 
66.8% (n = 157) worked four or fewer night shifts per month, and 85.0% (n = 199) were working at special-functioning 
hospitals.

Assessing the NCDNP-P
The item contents and summary of scores on the NCDNP-P scale are shown in Table 3. Mean scores of all seven items 
ranged in ±1 SD and there were no ceiling or floor effects. The total correlation coefficients of all items were greater than 
0.3; therefore, no items were eliminated.

The EFA was conducted using all seven items. The overall MSA of the KMO test was 0.81 and the MSA ranged from 
0.73 to 0.92 for each item. The Bartlett test of sphericity was statistically significant (χ2 = 694.05, df = 13, p < 0.001). 
Two eigenvalues were greater than 1.0 (3.64 and 1.17) and parallel analysis suggested that the number of factors was 
two, therefore we examined two factors. The EFA using the maximum likelihood method with the Harris-Kaiser 
independent cluster rotation indicated a scale structure with two factors and seven items. The two factors were named 
Domain 1: Dissatisfaction with reporting (four items), and Domain 2: Barriers to working with nurses (three items). The 
factor loading and the cumulative contribution ratio are shown in Table 3. The inter-factor correlation was 0.47 between 
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Table 2 Demographic Characteristics of Survey 
Respondents (N = 235)

Characteristic n (%) Mean (SD)

Gender (n = 231)a

Male 199 (86.1)

Female 32 (13.9)
Years of experience as a physician 13.4 (9.2)

Years of current working place 5.9 (6.2)

Clinical specialty (n = 232)a

Medicine 115 (49.6)

Surgery 117 (50.4)
Employment

Full-time 203 (86.4)

Part-time 32 (13.6)
Number of night shifts per month

1 25 (10.6)

2–4 132 (56.2)
5–7 49 (20.9)

>8 29 (12.3)

Hospital functioning (n = 234)a

Special-functioning hospitals 199 (85.0)

Other hospitals 35 (15.0)

Note: aNumber of people excluding non-responders. 
Abbreviation: SD, standard deviation.

Table 3 Performance Metrics of the Nighttime Collaboration Difficulties Between Nurses and Physicians for Physicians (NCDNP-P) 
Scale (n = 235)

Items Mean SD Factor 
loading

h2 α ω

F1 F2

Domain 1: Dissatisfaction with reporting 0.81 0.81

1. I have difficulty due to too little information in nurses’ reports about patients who 

are not under my charge.
2.24 0.91 0.882 −0.093 0.709

2. I cannot grasp nurses’ reports due to inefficient reports about patients who are not 

under my charge.
2.17 0.89 0.914 −0.066 0.783

3. I receive reports during the night about the patient’s condition that I do not 

consider important or urgent.
2.16 0.86 0.495 0.220 0.397

4. Necessary reports about nighttime patient deterioration are delayed. 1.37 0.88 0.411 0.265 0.342

Domain 2: Barriers to working with nurses 0.81 0.82

5. I have difficulty due to not getting enough support from nurses when responding to 

patients at night.
1.73 1.01 0.256 0.524 0.467

6. I have difficulty interacting with night nurses due to their personality and the usual 

relationship.
1.52 1.07 0.044 0.762 0.614

7. I have difficulty due to unreasonable attitudes or reactions from night nurses. 1.29 1.03 0.011 0.881 0.786

Item-total 12.48 4.79 0.84 0.89

Eigenvalues 3.64 1.17

Cumulative Contribution ratio (%) 31.6% 58.5%

Note: Factor loadings of ≥0.4 are shown in bold. 
Abbreviations: SD, standard deviation; F1, factor 1; F2, factor 2; h2, commonality; α, Cronbach’s alpha coefficient; ω, McDonald’s omega coefficient.
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the two domains. The Pearson’s correlation coefficients for the total score of the ICS compared with the total score, 
Domain 1 score, and Domain 2 score of the NCDNP-P were −0.59, −0.48, and −0.55, respectively.

The Cronbach’s alpha and the McDonald’s omega coefficients of the total score and two domains of the NCDNP-P 
were 0.81 to 0.84 and 0.81 to 0.89, respectively (Table 3). The ICC values of the total score, Domain 1 score, and 
Domain 2 score of the NCDNP-P were 0.78 (95% confidence interval [CI]: 0.68 to 0.86), 0.73 (95% CI: 0.61 to 0.82), 
and 0.60 (95% CI: 0.44 to 0.73), respectively.

Exploring the Relevant Factors
The results of the multiple regression analysis using the total score and each sub-scale score of the NCDNP-P as the 
outcomes are shown in Table 4. The VIF values of each variable ranged from 1.05 to 2.43, indicating a lack of 
multicollinearity. The variable “frequency of handover before changing shifts” was statistically significant for all 
outcomes (standardized partial regression coefficient [β] = −0.187 to −0.220, p < 0.01). The variables “employment”, 
“number of night shifts”, and “frequency of nighttime calls about patients under another physician’s charge” were 
statistically significant for the total score (β = 0.155 to 0.197, p < 0.05) and Domain 1 score (β = 0.173 to 0.227, 
p < 0.05). No other variables were significantly associated with the Domain 2 score. The adjusted coefficients of 
determination for each multiple regression model ranged from 0.041 to 0.101.

Discussion
In this study, we developed the NCDNP-P, which evaluates physicians’ difficulties of nighttime collaboration with nurses 
in responding to deteriorating patients. We also identified the respondent characteristics associated with the NCDNP-P 
scores and confirmed that these results have implications for future research.

Scale Development
We developed the NCDNP-P and confirmed reliability and validity by analyzing the psychometric validation. The item– 
domain structure was confirmed to have interpretable structural validity by EFA and coincided with the relationship 
between themes and subthemes presumed by thematic analysis in the key informant interviews. The Cronbach’s alpha 
and McDonald’s omega coefficient values were greater than 0.8; therefore, the NCDNP-P has high internal consistency. 
The results of the test-retest, ICC values over 0.5 indicated at least moderate stability of the responses.41 In addition, 
there were moderate negative correlations between the NCDNP-P and the ICS, supporting our predetermined hypothesis; 
thus the NCDNP-P has adequate criterion-related validity for assessing collaboration between physicians and nurses.

Domain 1 (Dissatisfaction with reporting) represented the content of physicians’ dissatisfaction with the difficulty in 
understanding and the appropriateness of reports from nurses at night about deteriorating patients. As included in the 
existing physician–nurse collaboration scales such as Collaboration and Satisfaction with Care Decisions (CSACD)24 and 
Nurses’ Opinion Questionnaire (NOQ),42 “satisfaction” with collaboration is an important measurement domain for the 
scale. Physicians who rate higher scores in this domain may feel difficulty because they are dissatisfied with reporting 
from night nurses. A possible cause of dissatisfaction with nurse reports may be related to the characteristics of night 
work. It is common for physicians on night duty to cross-cover patients who are under another physician’s charge,43 and 
they need to rely on nurses’ information and reports in order to assess and manage deteriorating patients who are 
unfamiliar to them.44 On the other hand, previous qualitative exploration of physician–nurse collaboration indicated that 
physicians feel nurses’ communication is unclear, redundant, and does not accurately explain patient problems, which is 
especially problematic for the on-call physicians who cover patients other than their own.45 This suggests an association 
with the nighttime call frequency about patients under another physician’s charge, which is discussed below. In addition, 
the impact of night shifts on cognitive performance may also affect the process of shared situation awareness for both 
physicians and nurses. A recent study assessing the cognitive performance of clinicians after each shift suggested that 
cognitive performance worsens for both physicians and nurses after night shifts46 The cognitive impact during the night 
shift may affect the ability of nurses to organize and convey information and of physicians to be aware of the situation 
based on reports from the nurse.
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Table 4 Results of Multiple Linear Regression Analysis of Factors Associated with the Nighttime Collaboration Difficulties Between Nurses and Physicians for Physicians (NCDNP-P) 
Score (n = 228)

Variables Categories N = 228 Total score Domain 1 score Domain 2 score

β p-value β p-value β p-value

Individual factors

Gender Malea 197 (86.4%) 0.909 0.868 0.708

Female 31 (13.6%) 0.008 −0.011 0.026
Years as a physician Years (SD) 13.7 (9.2) −0.079 0.425 −0.072 0.464 −0.066 0.515

Years of current workplace Years (SD) 6.1 (6.2) 0.023 0.816 −0.018 0.852 0.061 0.545

Clinical specialty Medicinea 112 (49.1%) 0.348 0.666 0.225
Surgery 116 (50.9%) −0.062 −0.028 −0.082

Night working factors

Employment Full-timea 197 (86.4%) 0.004** <0.001*** 0.098
Part-time 31 (13.6%) 0.197 0.227 0.115

Number of the night shifts 4 times or lessa 153 (67.1%) 0.010* 0.007** 0.077

5 times or more 75 (32.9%) 0.171 0.178 0.120
Nighttime cover Cover patients under another physician’s chargea 211 (92.5%) 0.187 0.106 0.511

Only cover patients under their own charge 17 (7.5%) 0.094 0.115 0.048

Outpatient Noa 68 (29.8%) 0.997 0.953 0.957
Yes 160 (70.2%) −0.000 −0.004 0.004

Calls about patients under another physician’s charge “Never” or “Seldom”a 27 (11.8%) 0.031* 0.015* 0.190

“Sometimes” or “Often” 201 (88.2%) 0.155 0.173 0.096
Handover “Never” or “Seldom”a 74 (32.5%) <0.001*** 0.002** 0.005**

“Sometimes” or “Always” 154 (67.5%) −0.220 −0.199 −0.187

Facility factors

Hospital Special-functioning hospitalsa 193 (84.6%) 0.332 0.904 0.112
Other hospitals 35 (15.4%) −0.066 −0.008 −0.112

RRS and other emergency codes Noa 154 (67.5%) 0.334 0.490 0.321

Yes 74 (32.5%) 0.066 0.047 0.070
Only RRS Noa 209 (91.7%) 0.132 0.387 0.078

Yes 19 (8.3%) −0.106 −0.060 −0.128

R² 0.145 0.152 0.096
Adjusted R² 0.093 0.101 0.041

F-statistics p-value 0.001** <0.001*** 0.053

Notes: aReference category; *p < 0.05; **p < 0.01; ***p < 0.001. 
Abbreviations: RRS, rapid response system; R2, coefficient of determination; SD, standard deviation; β, standardized partial regression coefficients.
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Domain 2 (Barriers to working with nurses) represented the content of perceiving difficulties in working with nurses due to 
a lack of support or nurses’ attitudes and usual relationships when managing patients with clinical deterioration. Psychological 
burdens, mood swings, and negative attitudes have been identified as barriers to communication between physicians and 
nurses during the night.19,47 Previous research investigated the mood states of residents who work night shifts administrating 
the Profile of Mood States (POMS) and suggested that the “anger–hostility” factor was potentially high among internal 
medicine residents who participated as physicians primarily performing clinical activities.48 In addition, physicians and nurses 
absorb emotions from their colleagues, and absorbed anger was associated with cynicism in both physicians and nurses.49 

High levels of anger and hostility states among physicians who work the night shift may have negative impacts on both parties 
in their interactions with nurses. Apart from that, the usual relationship and organizational culture between physicians and 
nurses are also important factors in communication and collaboration during the night.11,19,50 Nighttime nurse staffing levels 
are lower than those during the day, which may make it more difficult for physicians to collaborate with nurses when dealing 
with deteriorating patients during the night. Physicians who are cross-covering also sometimes require collaboration with 
nurses in other wards who are not involved during the day, and this lack of familiarity may affect the quality of collaboration. 
The usual relationship may be affected by hierarchies among professionals or individuals. A systematic review of inter-
professional practice in responding to clinical deterioration suggested that hierarchy in reporting is a factor that inhibits 
practice.11 Although this appeared to be particularly problematic for nurses, developing flattened relationships may help 
remove barriers to physician–nurse collaboration.51

We expect that the NCDNP-P will be used to evaluate the effectiveness of interventions to reduce difficulties during 
nighttime collaboration. This scale could also be used to identify issues in clinical practice and to consider interventions 
by interpreting the scores of each domain and item. Furthermore, this scale could be used as a resource to help nurses 
understand physicians’ difficulties, to enable nurses to improve their practices for working with physicians.

Relevant Factors
Part-time physicians, physicians working more than five-night shifts per month, and physicians with a relatively high 
frequency of calls about patients under another physician’s charge had higher NCDNP-P scores. In contrast, physicians 
who relatively often received handovers from other physicians before the night shift tended to have lower NCDNP-P scores.

Part-time physicians tended to have higher NCDNP-P scores, especially for Domain 1 (Dissatisfaction with reporting). 
This may be because part-time physicians have fewer opportunities to be in charge of inpatients and have little information on 
how to deal with patients encountered during the night shift. In Japan, more than 90% of medical facilities employ part-time 
physicians,52 with approximately 18% of all physicians working part-time.53 Although it is common for physicians to work 
part-time, this may have a negative effect on patient outcomes. A study showing an association between the number of days 
physicians work clinically and patient outcomes found that patients treated by physicians with fewer clinical days per year had 
higher 30-day mortality rates than patients treated by physicians in full-time clinical practice.54 Kato et al pointed out that one 
of the reasons was that part-time physicians may be less familiar than full-time physicians with working with nurses, and other 
hospital staff, leading to poorer teamwork and worse patient outcomes.54 Our results suggest that part-time physicians tend to 
experience greater difficulties in collaborating with nurses at night. Further research is needed from the perspective of nurses 
to gain a deeper understanding of the difficulties they encounter working with part-time physicians.

Respondents who worked more night shifts per month tended to have higher NCDNP-P scores. In Japan, 86.2% of 
physicians working night shifts reported that they worked five or fewer night shifts per month.55 In other countries, the average 
number of monthly night shifts was reported as 4.8 ± 1.4 shifts in France,56 5.9 ± 2.4 shifts in Korea,57 and 2.5 ± 1.4 shifts in 
the United States.58 Even on a global scale, physicians who work night shifts five or more times per month are considered to be 
working a relatively high number of night shifts. A previous study suggested that the number of monthly night shift days was 
associated with an increased risk of physicians’ excessive daytime sleepiness by multivariate logistic regression analysis (OR: 
1.106, 95% CI: 1.028–1.191).57 Regarding the relationship between sleep and physicians’ performance, recent research 
suggests that the amount of sleep before a night shift is associated with physicians’ physical and cognitive performance.59 In 
addition, Malmberg et al concluded that it takes at least two days to recover from a night shift by their study.60 An increased 
number of night shifts poses risks to adequate physical and mental recovery through sleep, and these effects may impact 
effective collaboration and communication with other healthcare professionals for patient safety.61 Our result may be 
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explained by these previous findings; however, to further understand the association between the number of night shifts and 
physician–nurse collaboration, we need to analyze other variables including night work hours, sleep hours, and some 
performance indicators.

The relative frequency of receiving nighttime calls about patients who were under another physician’s charge tended to 
increase the difficulties of nighttime collaboration with nurses, particularly with respect to Domain 1. The relatively high mean 
scores for Items 1 and 2 on the scale suggest difficulty in sharing information about unfamiliar patients who are under another 
physician’s charge during nighttime collaboration with nurses. This highlights the importance of difficulties in situational 
awareness related to the cross-coverage system when responding to clinical deterioration of patients during the night. We can 
suggest several methods to facilitate information sharing and communication regarding cross-cover patients who are not 
familiar. For instance, one Delphi study provided recommendations for residents who cross-cover at night to communicate in 
a respectful and closed-loop manner in physician–nurse collaboration.23 In addition to the physician-to-physician handover 
described below, the implementation of a consultation system and the use of communication tools to enhance situational 
awareness may serve as intervention strategies to reduce such difficulties during nighttime collaboration. The Situation, 
Background, Assessment, Recommendation (SBAR) tool is one example of a communication tool for improving physician– 
nurse communication. In a previous study, widespread use of the SBAR tool as part of RRS implementation resulted in 
improvements in physician–nurse communication and collaboration, as well as a reduction in unexpected deaths among 
hospitalized patients after the intervention (RRR: −227%, 95% CI: −793 to −20, p <0.001).62 Even with the impact of RRS, 
this could contribute to improved communication.

Conducting handovers between physicians before the night shift was identified as a relevant factor associated with lower 
NCDNP-P scores. This variable showed significant associations not only with the total scores but also with Domains 1 and 2, 
suggesting that it influences physicians’ overall practice in working with nurses at night and is a significant factor in reducing 
the difficulties in nighttime collaboration. Screening and sharing information about patients who potentially develop clinical 
deterioration during the night was suggested as an important component of interventional measures in detecting and 
responding to nighttime deterioration.14 Sharing patient information among physicians might affect Domain 1 by increasing 
situational awareness when responding to patients with clinical deterioration. The use of structured communication tools or the 
organizational change of the handover system could help improve the sharing of information between clinicians. Appropriate 
information sharing among physicians may enhance understanding of reports by nurses about deteriorating patients and 
contribute to building trust with nurses due to improved communication. Mutual trust affects physician–nurse collaborative 
interactions,20 which may influence nurses’ trust in physicians and their collaborative attitudes, as reflected in the Domain 2 
score. Organizational changes in addition to education and intervention to change individuals’ attitudes are required to address 
difficulties in physician–nurse nighttime collaboration.

Limitations
Our study has several limitations. First, there may be sampling bias. Despite randomly selecting and surveying eligible 
facilities from all over Japan, more than 80% of the respondents were physicians affiliated with special-functioning 
hospitals. There was also a gender bias in the sample. Of the respondents in this study, only 14% were female, which 
equates to fewer women than the gender ratio in the Japanese physician population.63 In addition, the respondents in this 
study participated of their own free will and may also have been biased by having an interest in the research topic. Given 
these considerations, the influence of sampling bias cannot be eliminated, and this may have affected our results. 
The second limitation is that this study was based on subjective data from respondents. The response to the number of 
night shifts may have deviated from the actual working state, and the call frequency was subjectively rated, so the 
accuracy of responses cannot be verified. To establish more robust evidence in the future, it would be useful to use more 
objective indicators such as employment and work data or electronic data on call frequency as variables. Finally, there is 
a limitation to generalizability. This study excluded physicians working in several specific settings, and validation will be 
needed when the NCDNP-P is utilized in other clinical settings. The generalizability of the NCDNP-P to other cultures 
and countries is also unknown because it was developed based on current nighttime management of hospital inpatients in 
Japan. Further research is required to assess the effects of different physicians from different countries and with different 
backgrounds on the performance of the NCDNP-P scale.
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Relevance to Clinical Practice and Future Research
We expect that the NCDNP-P will be used to evaluate the effectiveness of interventions to reduce difficulties during nighttime 
collaboration. This scale could also be used to identify issues in clinical practice and to consider interventions by interpreting 
the scores of each domain and item. Furthermore, examining the relationship between the NCDNP-P and other objective data, 
such as clinical outcomes and aspects of patient safety, would lead to a more accurate evaluation of the effectiveness of 
interventions to improve the quality of nighttime collaboration. Despite exploring and assessing the difficulties from 
physicians’ perspectives in this study, gaining insight into the nighttime collaboration between physicians and nurses would 
greatly benefit from the perspectives of both nurses and physicians. The NCDNP-P could be used as a resource to help nurses 
understand physicians’ difficulties, which may lead to improving nurses’ practices for working with physicians. Future 
research from a more comprehensive perspective, including that of nurses, is required.

Conclusion
In this study, we developed the NCDNP-P and confirmed high reliability and validity through psychometric 
validation. The NCDNP-P can identify problems related to nighttime collaboration in clinical settings and can 
also be used to evaluate physicians’ difficulties as an outcome in intervention studies to improve the quality of 
nighttime collaboration. In addition, we found that factors related to employment status, number of night shifts, 
frequency of night calls regarding patients under another physician’s charge, and handover between physicians 
before night shifts were associated with physicians’ difficulties in working with nurses during the night. The results 
of this study suggest the need for future research, including interventions related to improving nighttime commu-
nication with nurses and organizational changes regarding the way of sharing information in nighttime cross- 
coverage situations to reduce collaboration difficulties and provide more effective care for patients who deteriorate 
during the night.
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