Supplementary File 2. Supplementary tables and analytical documentation
This supplement presents the derivation of the analytical sample, variable coding, response groupings and item-level survey distributions supporting the manuscript.
Supplementary Figure S1. Derivation of the analytical sample
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Figure S1. Derivation of the analytical sample. Consented respondents with night-shift frequency and all three UCLA-3 items available (n=831) were eligible before covariate exclusions; the primary complete-case sample comprised 809 respondents. Survey-completer status (n=818) was a separate source-data indicator and was not an eligibility criterion.

Supplementary Table S1. Analysis populations and item completeness
	Population / variable
	n
	Interpretation

	Source NHS staff dataset
	911
	All NHS employee records in the source dataset.

	Provided consent
	904
	Records documented as having provided consent.

	Source survey-completer flag
	818
	Records classified as survey completers; completion status was not an eligibility criterion for the analyses.

	Night-shift exposure + all three UCLA-3 items available
	831
	Consented records with night-shift frequency and all three UCLA-3 items available.

	Fully adjusted primary complete-case sample
	809
	Complete exposure, UCLA-3 outcome and all primary-model covariates; 22 of the 831 records (2.6%) lacked at least one covariate.

	Social interaction frequency available
	808
	Candidate pathway analysis denominator.

	Social fulfilment available
	808
	Candidate pathway analysis denominator.

	Work-life balance available
	808
	Candidate pathway analysis denominator.

	Emotional-exhaustion score available
	805
	Candidate pathway analysis denominator.

	All four candidate pathways available
	802
	Simultaneous exploratory pathway model denominator.


Completion-rate qualification. Survey-completer status is separate from item-level analytical eligibility. The ratio 818/904 (90.5%) describes the source-data flags; it is not interpreted as a CHERRIES completion rate or a population response rate.
Supplementary Table S2. Variables, source questions and analytical coding
	Variable
	Survey source
	Analytical representation
	Notes

	Monthly night-shift frequency
	Q15
	0 nights=0; 1–2=1; 3–5=2; ≥6=3; single ordered exposure
	Coefficient is per one-category increase, not per additional shift.

	UCLA-3 loneliness score
	Q6–Q8
	Each item scored 1=hardly ever/never, 2=some of the time, 3=often; summed 3–9
	All three items required.

	Direct loneliness
	Q9
	Ordered factor: never < hardly ever < occasionally < some of the time < often/always
	Raw Qualtrics numeric codes are not ordinal and should not be interpreted as scores.

	Social interaction frequency
	Q16
	None=0; once=1; 2–3 times=2; 4+=3
	Higher score indicates more frequent interaction.

	Social fulfilment
	Q17
	Very unfulfilled=0; unfulfilled=1; somewhat fulfilled=2; very fulfilled=3
	Higher score indicates greater fulfilment.

	Work-life balance
	Q18
	Very dissatisfied=0; dissatisfied=1; somewhat satisfied=2; very satisfied=3
	Higher score indicates better work-life balance.

	Emotional-exhaustion score
	Q19 matrix
	Three items, each 1–6; summed range 3–18
	Higher scores indicate greater emotional exhaustion. The score was calculated only when all three items were completed; otherwise, the composite was missing. Cronbach’s α=0.918.

	Age
	Q4
	Continuous years
	Observed analytical range 18–79.

	Gender
	Q5
	Man/Male; Woman/Female; gender-diverse/prefer not to say
	The analytical table groups small non-binary/other and prefer-not-to-say categories.

	Study site
	Embedded/site variable
	Hull; ICHT; SCAS 111; SCAS 999; SCAS Ambulance; SCAS Corporate; SCAS Transport
	Seven site/service categories across three organisations: Imperial College Healthcare NHS Trust, Hull University Teaching Hospitals NHS Trust and South Central Ambulance Service.

	Occupational group
	Q10
	Administrative/managerial; core clinical; support staff; other role
	See Supplementary Table S3 for mapping.

	Department
	Q11
	Administration/research; emergency; other clinical; other department
	See Supplementary Table S3 for mapping.

	NHS tenure
	Q12
	<1 year; 1–3; 3–5; 5–10; >10 years
	Categorical covariate.

	Weekly working hours
	Q13
	<20; 20–30; 31–40; >40 hours
	Categorical covariate.

	Monthly overtime
	Q14
	None; 1–5; 6–10; 11–20; >20 hours
	Categorical covariate.

	Employment status
	Q20
	Full-time; part-time; other employment
	See Supplementary Table S3 for mapping.

	Survey month
	Survey metadata
	Calendar month derived from survey response timing
	Temporal covariate derived from survey response timing; data collection ran from 15 April 2025 to 13 August 2026.


Supplementary Table S3. Grouping of original categorical responses for the fully adjusted model
	Analytical variable
	Analytical category
	Original survey responses included

	Occupational group
	Administrative/managerial
	Administrative/Managerial Staff

	Occupational group
	Core clinical
	Allied Healthcare Professional; Doctor; Nurse

	Occupational group
	Support staff
	Support Staff

	Occupational group
	Other role
	Other; Social care practitioner; Social prescriber; Technician

	Department
	Administration/research
	Administration; Research

	Department
	Emergency
	Emergency

	Department
	Other clinical
	Clinical; General Practice; Medicine; Surgery

	Department
	Other department
	Other

	Employment status
	Full-time
	Employed full-time

	Employment status
	Part-time
	Employed part-time

	Employment status
	Other employment
	Locum; Other; Retired; Self-employed; Volunteer


Note. The “Clinical Radiologist” response option in the Hull reference questionnaire is not separately represented in the Table S4 distribution for the primary analytical sample (N=809).


Supplementary Table S4. Complete survey response distribution in the primary analytical sample (N=809)
Percentages are among valid responses to each item. Conditional follow-up questions use the number answering that item as the denominator. Free-text responses and potentially identifying fields are excluded. Q25a is eligible only when Q25=Yes; Q27a is eligible only when Q27=Yes. Responses excluded by these display rules are not counted as item non-response among eligible respondents. The table describes N=809 and cannot quantify missingness before complete-case restriction.
	Survey question
	Response option
	n
	% of valid responses

	Q4. Age, years
Valid n=809; missing n=0
	Mean (SD)
	43.9 (12.3)
	—

	
	Range
	18-79
	—

	Q5. What is your gender?
Valid n=809; missing n=0
	Non-binary
	3
	0.4%

	
	Prefer not to say
	5
	0.6%

	
	Man/Male
	203
	25.1%

	
	Woman/Female
	598
	73.9%

	Q6. How often do you feel that you lack companionship?
Valid n=809; missing n=0
	Hardly ever or never
	336
	41.5%

	
	Some of the time
	323
	39.9%

	
	Often
	150
	18.5%

	Q7. How often do you feel left out?
Valid n=809; missing n=0
	Hardly ever or never
	277
	34.2%

	
	Some of the time
	378
	46.7%

	
	Often
	154
	19.0%

	Q8. How often do you feel isolated from others?
Valid n=809; missing n=0
	Hardly ever or never
	325
	40.2%

	
	Some of the time
	331
	40.9%

	
	Often
	153
	18.9%

	Q9. How often do you feel lonely?
Valid n=809; missing n=0
	Never
	94
	11.6%

	
	Hardly ever
	188
	23.2%

	
	Occasionally
	195
	24.1%

	
	Some of the time
	230
	28.4%

	
	Often or always
	102
	12.6%

	Q10. What best describes your NHS role?
Valid n=809; missing n=0
	Administrative/Managerial Staff
	204
	25.2%

	
	Allied Healthcare Professional (e.g. HCA, physiotherapist)
	205
	25.3%

	
	Doctor
	12
	1.5%

	
	Nurse
	136
	16.8%

	
	Other (please specify)
	222
	27.4%

	
	Social care practitioner
	7
	0.9%

	
	Social prescriber
	4
	0.5%

	
	Support Staff (Canteen staff, transport staff etc.,)
	16
	2.0%

	
	Technician
	3
	0.4%

	Q11. Which department do you work in?
Valid n=809; missing n=0
	Administration
	110
	13.6%

	
	Clinical
	150
	18.5%

	
	Emergency
	216
	26.7%

	
	General Practice
	19
	2.3%

	
	Medicine
	19
	2.3%

	
	Other (please specify)
	255
	31.5%

	
	Research
	31
	3.8%

	
	Surgery
	9
	1.1%

	Q12. How long have you been working in the NHS?
Valid n=809; missing n=0
	Less than 1 year
	50
	6.2%

	
	1-3 years
	105
	13.0%

	
	3-5 years
	114
	14.1%

	
	5-10 years
	164
	20.3%

	
	More than 10 years
	376
	46.5%

	Q13. On average, how many hours do you work per week?
Valid n=809; missing n=0
	Less than 20 hours
	50
	6.2%

	
	20-30 hours
	120
	14.8%

	
	31-40 hours
	497
	61.4%

	
	Over 40 hours
	142
	17.6%

	Q14. How many hours of overtime do you normally work per month?
Valid n=809; missing n=0
	None
	325
	40.2%

	
	1-5 hours
	235
	29.0%

	
	6-10 hours
	118
	14.6%

	
	11-20 hours
	82
	10.1%

	
	>20 hours
	49
	6.1%

	Q15. How many night shifts do you work per month?
Valid n=809; missing n=0
	0
	535
	66.1%

	
	1-2
	36
	4.4%

	
	3-5
	101
	12.5%

	
	6+
	137
	16.9%

	Q16. How often do you interact socially outside work each week?
Valid n=808; missing n=1
	None
	109
	13.5%

	
	Once
	297
	36.8%

	
	2-3 times
	265
	32.8%

	
	4+ times
	137
	17.0%

	Q17. How fulfilled are you with your social interactions?
Valid n=808; missing n=1
	Very unfulfilled
	66
	8.2%

	
	Unfulfilled
	166
	20.5%

	
	Somewhat fulfilled
	391
	48.4%

	
	Very fulfilled
	185
	22.9%

	Q18. How satisfied are you with your work-life balance?
Valid n=808; missing n=1
	Very dissatisfied
	85
	10.5%

	
	Dissatisfied
	181
	22.4%

	
	Somewhat satisfied
	391
	48.4%

	
	Very satisfied
	151
	18.7%

	Q19a. I feel emotionally drained from my work
Valid n=809; missing n=0
	Never
	58
	7.2%

	
	A few times a year
	137
	16.9%

	
	Once a month or less
	98
	12.1%

	
	A few times a month
	178
	22.0%

	
	Once a week
	130
	16.1%

	
	A few times a week, Every day
	208
	25.7%

	Q19b. I feel used up at the end of the workday
Valid n=805; missing n=4
	Never
	67
	8.3%

	
	A few times a year
	103
	12.8%

	
	Once a month or less
	68
	8.4%

	
	A few times a month
	168
	20.9%

	
	Once a week
	125
	15.5%

	
	A few times a week, Every day
	274
	34.0%

	Q19c. I feel burned out from my work
Valid n=806; missing n=3
	Never
	105
	13.0%

	
	A few times a year
	168
	20.8%

	
	Once a month or less
	120
	14.9%

	
	A few times a month
	140
	17.4%

	
	Once a week
	113
	14.0%

	
	A few times a week, Every day
	160
	19.9%

	Q20. What is your employment status?
Valid n=809; missing n=0
	Employed full-time
	615
	76.0%

	
	Employed part-time
	172
	21.3%

	
	Locum
	3
	0.4%

	
	Other
	15
	1.9%

	
	Retired
	2
	0.2%

	
	Self-employed
	1
	0.1%

	
	Volunteer (full or part-time)
	1
	0.1%

	Q21. What best describes your ethnic group or background?
Valid n=809; missing n=0
	Asian/Asian British
	32
	4.0%

	
	British Black/African/Caribbean
	35
	4.3%

	
	Mixed/Multiple ethnic groups
	19
	2.3%

	
	Other ethnic group (please specify)
	5
	0.6%

	
	Prefer not to say
	10
	1.2%

	
	White
	708
	87.5%

	Q22. What is your marital status?
Valid n=807; missing n=2
	Divorced
	71
	8.8%

	
	In a domestic relationship
	155
	19.2%

	
	Married / Civil partnership
	345
	42.8%

	
	Other (please specify)
	11
	1.4%

	
	Prefer not to say
	10
	1.2%

	
	Single
	205
	25.4%

	
	Widowed
	10
	1.2%

	Q23. What is your highest qualification?
Valid n=808; missing n=1
	A levels (or equivalent)
	118
	14.6%

	
	GCSEs (or equivalent)
	93
	11.5%

	
	Other (please specify)
	52
	6.4%

	
	Prefer not to say
	12
	1.5%

	
	University degree or higher
	533
	66.0%

	Q24. How many people other than you live in your household?
Valid n=809; missing n=0
	0
	134
	16.6%

	
	1
	243
	30.0%

	
	2-3
	321
	39.7%

	
	4-5
	99
	12.2%

	
	More than 5
	12
	1.5%

	Q25. Do you have any children?
Valid n=807; missing n=2
	No
	341
	42.3%

	
	Yes
	466
	57.7%

	Q25a. Are any of your children dependent on you? (participants with children); Valid n=465 of 466 eligible; missing among eligible n=1; not applicable n=341; parent response missing n=2
	No
	174
	37.4%

	
	Yes
	291
	62.6%

	Q26. Do you have any pets?
Valid n=809; missing n=0
	No
	372
	46.0%

	
	Yes
	437
	54.0%

	Q27. Do you have a physical or mental health condition lasting 12 months or more?
Valid n=809; missing n=0
	No
	477
	59.0%

	
	Yes
	305
	37.7%

	
	Prefer not to say
	27
	3.3%

	Q27a. Do your conditions reduce your ability to carry out day-to-day activities? (participants with a condition)
Valid n=305 of 305 eligible; missing among eligible n=0; not applicable n=504
	No
	161
	52.8%

	
	Prefer not to say
	16
	5.2%

	
	Yes
	128
	42.0%






Supplementary analytical methods
Missing data: Analyses used complete cases for the variables included in each model. The primary model retained 809 of the 831 respondents with night-shift frequency and complete UCLA-3 data; 22 (2.6%) were excluded for missing covariates. Variable-specific denominators are given in Table S1, and item-level response counts in the primary analytical sample are given in Table S4.
Primary model: Multivariable linear regression with HC3 heteroskedasticity-robust standard errors; fully adjusted model included age, gender, study site, survey month, occupational group, department, NHS tenure, weekly working hours, overtime and employment status. Analyses were conducted in StataNow 19.5 MP.
Secondary analyses: Ordered logistic regression was used for the direct five-category loneliness item and for an ordinal specification of UCLA-3. Approximate global proportional-odds tests gave χ²(90)=92.46 (P=0.409) for the direct item and χ²(149)=185.64 (P=0.022) for ordinal UCLA-3; the latter common odds ratio is therefore interpreted cautiously. In the fully adjusted categorical-exposure sensitivity analysis, compared with 0 nights, adjusted UCLA-3 mean differences were 0.731 for 1–2 nights (95% CI 0.118 to 1.344; P=0.019), 0.324 for 3–5 nights (95% CI −0.184 to 0.832; P=0.211) and 0.689 for ≥6 nights (95% CI 0.199 to 1.179; P=0.006); joint Wald F(3,776)=3.51, P=0.015.
Exploratory pathway analyses: Candidate variables were assessed separately using adjusted a and b paths and coefficient products with percentile bootstrap confidence intervals. The reported valid replications were 1,999 for social-interaction frequency and work-life balance, and 2,000 for social fulfilment and emotional exhaustion. Intervals were not adjusted for multiple comparisons. Attenuation used the corresponding pathway-specific complete-case model without the pathway variable as the reference; percentages from separate models are not additive. These cross-sectional decompositions are not causal mediation estimates.
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