
Additional file 2 Details of methods to explore factors related to napping during night shifts
	Variables
	
	Measurement items or way or questionnaire
	Notes
	Reliability and validity

	Nurse-related Factors
	
	
	

	Basic Attributes
	Demographic Data
	Age, years of nursing experience, years of nursing experience in the current ward, sex, educational level, present or past history of sleep-related problems, marital status (living together), children living together, preschool child-rearing, and current pregnancy.
	
	

	
	Fatigue
	The Japanese version of the Occupational Fatigue Exhaustion Recovery Scale (OFER) consists of 3 subscales: Chronic fatigue; Acute fatigue;  Intershift recovery.
	15 items with seven-point Likert scale (0 = completely disagree to 6 = completely agree). 
Standardized scores (range: 0–100) for each factor were calculated using the following formula: 
Sum of the item scores each factor ÷ 30 × 100.
Chronic and acute fatigue, higher standardized score indicates higher fatigue.
Intershift recovery, higher standardized score indicates better recovery.
	Acceptable reliability and validity were shown [76].

	
	Resilience
	The Japanese Version of the Resilience Scale for Nurses.
	22 items with five-point Likert scale (1 = No to 5 = Yes). 
The total score was calculated, ranging from 22 to 110. 
The higher score indicates higher resilience.
	Acceptable reliability and validity were shown [77].

	
	Burn Out
	The Japanese Burnout Scale that was based on Maslach Burnout Inventory consists of 3 subscales: Emotional exhaustion; Depersonalization;  Decline in personal accomplishment.
	17 items with five-point scale (1 = Do not feel to 5 = Everyday).
Average scores for each factor were calculated.
The higher score indicates stronger symptoms.
	Acceptable reliability and validity were shown [78, 79].

	Sleep-related characteristics
	Subjective mean daily sleep duration
	Subjective mean daily sleep duration.
	
	

	
	Subjective chronotype
	“Which of the types describes yourself?”

	9 responses (extreme late, moderate late, slight late, normal, slight early, moderate early, extreme early).
Nurses were reclassified into three groups (late/normal/early).
	This self-reported chronotype based on a single question has shown to be in excellent agreement with quantitatively assessed chronotype based on sleep time in the Munich Chrono Type Questionnaire [47].

	
	Sleep reactivity
	Ford Insomnia Response to Stress Test (FIRST).

	This is a self-rating score measuring the likelihood of the occurrence of sleep disturbances in response to commonly experienced stressful situations [80].
9 items with four-point Likert scale (1 = not likely to 4 = very likely). 
The higher score indicates higher sleep reactivity.
	Acceptable validity was shown [81].

	
	Sleep quality
	The Japanese version of the Pittsburgh Sleep Quality Index (PSQI) comprises seven components: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, sleep medication use, and daytime dysfunction.
	19 items.
The global score (range: 0–21) were calculated, and the higher score indicates the poorer sleep quality. 
Nurses were divided into two categories, good sleep quality and poor sleep quality, with a global score of 5.5 as the cutoff. 
This questionnaire was answered after the investigation.
	Acceptable reliability and validity were shown [82, 83].

	Sleep-related Habits
	
	Frequency of alcohol or caffeine intake, frequency of exercise, and daily times spent on electronic devices (e.g., cellular phone, smartphone, tablet) during the day and before bedtime.
	
	

	Working environment during the investigated month
	
	Number of night shifts, number of days off, and overtime hours. 
	These items were answered after the investigation.
	

	Night shift-related Factors
	
	
	

	Napping environment
(mean or median values corresponding to the napping)
	Illuminance (median)
	Ondotori (T&D Corporation, Matsumoto, Japan).
Measurements were recorded every 2 min on a wagon (65 cm above the floor).
	Light intensity with a range of 0–130 Klux with a minimum resolution of 0.01 lux.
	Accuracy of 5% reading.

	
	Temperature
(mean)
	
	The sensor included a thermistor measuring temperature within a range of -25–70 °C with a resolution of 0.1 °C.
	Accuracy of ±0.3 °C.

	
	Humidity
(mean)
	
	The polymer resistance humidity sensor had a range of 0–99%RH, and a resolution of 0.1%RH.
	Accuracy of ±2.5%RH.

	
	Noise
(Equivalent sound level)
	SL-1373SD (CUSTOM Corporation, Tokyo, Japan).
Data of fast and A-weighted sound level were recorded every second on the same wagon.
	Measurement range of 30–130 dB. Frequency range of 31.5 Hz to 8 kHz.
A resolution of 0.1 dB.
Equivalent sound level (dB LAeq) was calculated. 
	Accuracy ±1.4 dB.

	Ways of spending breaks
	
	Napping place, order of nap breaks, start and end time of nap breaks, in-bed and out-of-bed times, time spent on electronic devices (e.g., cellular phone, smartphone, tablet) before napping, caffeine intake before nap breaks and their details, eating before napping, and listening to music during napping.
	To quantify the Caffeine consumption before nap breaks, product-specific values were utilized for items with available information. Conversely, for those lacking explicit details, calculations were derived from the Standard Tables of Food Composition in Japan 2020 [84].
	

	Working environment
	
	Number of hospitalized patients, number of patients each nurse responsible for, play the role of night shift leader, event occurrence.
	
	

	Mood states
	
	The Profile of Mood States Second edition (POMS2) adult short Japanese version consists of seven mood components: anger–hostility (AH), confusion–bewilderment (CB), depression–dejection (DD), fatigue–inertia (FI), tension–anxiety (TA), vigor–activity (VA), and friendliness (F).
	Based on previous studies [85, 86], the response instructions were changed from the conventional “last week” to “right now.”
35 items with five-point scale (0 = not at all to 4 = extremely).
Total scores for the seven components were calculated. 
Additionally, the total mood disturbance (TMD) was also calculated:
TMD = AH + CB + DD + FI + TA – VA.
The higher scores indicate stronger symptoms.
These items were answered before the nap breaks.
	Acceptable reliability and validity were shown [87].

	Arousal level
	
	The Japanese version of the Karolinska Sleepiness Scale.
	A single item with nine-point Likert scale (1 = extremely alert to 9 = very sleepy, great effort to keep awake, fighting sleep).
Change arousal level between start of the night shift to before the nap breaks were calculated.
	Acceptable reliability and validity were shown [36, 37].

	Intention to nap
	
	“What intention did you have regarding napping during the night shift—deeply, lightly, or not at all?”
	This item was answered after the nap breaks.
	

	Sleep-related status (which excludes sleep from naps during the night shift)
	
	Start and end time of main sleep before the night shift, take a prophylactic nap before the night shift (start and end times of their napping).
	Awakening duration until in-bed times of napping during the night shift was calculated as an indicator of homeostatic sleep pressure [88, 89].
(These items were answered at the start of the night shift.
	


Abbreviation.  RH = relative humidity, dB = decibel.
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