Supplementary Material
Supplementary Table S1
Sources, definitions, and encoding of candidate predictors
	Candidate predictor
	Source and domain
	Definition or categories
	Encoding for selection¹
	Columns

	Age
	General questionnaire; demographic background
	Age in years
	Continuous
	1

	Years of experience
	General questionnaire; occupational experience
	Years of nursing experience
	Continuous
	1

	Gender
	General questionnaire; demographic background
	Female; male
	Full one-hot encoding
	2

	Education
	General questionnaire; educational background
	College and below; undergraduate; master’s and above
	Ordinal integer encoding
	1

	Marital status
	General questionnaire; family background
	Unmarried; married; divorced; widowed
	Full one-hot encoding
	4

	Parental status
	General questionnaire; family background
	Yes; no
	Full one-hot encoding
	2

	Working section
	General questionnaire; work setting
	Internal medicine; surgery; obstetrics and gynecology; pediatrics; ENT; ICU; outpatient clinic; operating room; emergency department; other
	Full one-hot encoding
	10

	Employment type
	General questionnaire; employment context
	Permanent; contract; labor dispatch
	Full one-hot encoding
	3

	Shift situation
	General questionnaire; work schedule
	Permanent day shift; permanent night shift; rotating day and night shifts; non-fixed rotation
	Full one-hot encoding
	4

	Night shifts per month
	General questionnaire; night-shift burden
	0; 1–3; 4–8; >8 shifts
	Ordinal integer encoding
	1

	Overtime per week
	General questionnaire; working-time burden
	≤5; 6–10; 11–15; >15 hours
	Ordinal integer encoding
	1

	Monthly income
	General questionnaire; economic background
	<5000; 5000–10000; >10000 yuan
	Ordinal integer encoding
	1

	Round-trip commuting time
	General questionnaire; time burden
	<30; 30–60; 61–120; >120 minutes
	Ordinal integer encoding
	1

	Challenge stress
	CHSS challenge subscale ; work stress
	Mean of six items scored 1–5; higher scores indicate greater stress
	Continuous
	1

	Hindrance stress
	CHSS hindrance subscale ; work stress
	Mean of five items scored 1–5; higher scores indicate greater stress
	Continuous
	1

	Career adaptability
	CAAS ; career-related resource
	Sum of 24 items scored 1–5; range 24–120; higher scores indicate greater adaptability
	Continuous
	1

	Total
	16 original candidate predictors
	5 continuous, 5 ordinal, and 6 unordered categorical predictors
	35 encoded feature columns
	35


Notes: The 16 original predictors yielded 35 feature columns, with all category indicators retained for one-hot encoding. CHSS scores are subscale means; the CAAS score is the total score. CAAS, Career Adapt-Abilities Scale; CHSS, Challenge- and Hindrance-Related Self-Reported Stress; ENT, ear, nose, and throat; ICU, intensive care unit.
Supplementary Table S2
Additional performance, optimism and stability analyses for the four-predictor logistic model (training n = 1,917; test n = 262; full analytic sample N = 2,179).
	Analysis
	Result
	Note

	Reported test split (seed 2026, n = 262)
	AUC 0.766 (0.708–0.825); Brier 0.174 (0.154–0.197); calibration slope 1.36 (0.96–1.94); intercept -0.03 (-0.33 to 0.24); O:E 1.02 (0.87–1.23)
	Bootstrap 95% CI (2,000 resamples); AUC interval as reported in the main text

	500 repeated stratified 88:12 splits (n_test = 262)
	Test AUC mean 0.717 (SD 0.032; median 0.718; 2.5th–97.5th percentile 0.652–0.778); mean slope 0.99 (SD 0.21); mean Brier 0.182
	Reported split ranks at the 94th percentile of AUC

	Harrell bootstrap optimism, training set (1,000 resamples)
	Apparent AUC 0.715; optimism 0.004; corrected AUC 0.711; corrected slope 0.98
	Four predictors fixed (selection step not repeated)

	Harrell bootstrap optimism, full analytic sample
	Apparent AUC 0.721; optimism 0.004; corrected AUC 0.717; corrected slope 0.98
	Four predictors fixed

	Nested 5-fold × 3 CV in training set including Boruta + LASSO (15 outer folds)
	AUC mean 0.708 (SD 0.023) with selection inside folds; 0.710 (SD 0.023) with the four predictors fixed
	Night shifts coded as a single ordinal term in this comparison

	Selection frequency across the 15 outer folds
	Night shifts, CAAS, CHSS-challenge, CHSS-hindrance: 15/15 each; years of experience 3/15; overtime 2/15; age 1/15
	No other candidate was selected

	Boruta + LASSO on the full training set (fixed seed 2026; Figure 1)
	Boruta confirmed age, years of experience, CAAS, CHSS-challenge, CHSS-hindrance and night shifts (none tentative); LASSO (1-SE) retained night shifts, CAAS, CHSS-challenge and CHSS-hindrance
	35 candidate parameters

	Stability of Boruta classification across 30 further random seeds (full training set)
	Confirmed in 30/30 runs: years of experience, CAAS, CHSS-challenge, CHSS-hindrance, night shifts; age confirmed 17/30 and tentative 13/30; overtime confirmed 8/30
	No other candidate was confirmed or tentative in any run

	Random forest, all candidates (test set)
	AUC 0.773; difference (logistic − RF) -0.007 (-0.038 to 0.020)
	Minimum leaf size 50 chosen by 5-fold CV (CV AUC 0.714)

	Gradient boosting, all candidates (test set)
	AUC 0.778; difference -0.012 (-0.042 to 0.020)
	Depth 3, 150 iterations, learning rate 0.03

	L1-penalized logistic regression, all candidates (test set)
	AUC 0.766; difference -0.000 (-0.020 to 0.018)
	C = 0.05 on standardized predictors

	Night shifts only (test set)
	AUC 0.593; difference 0.173 (0.095 to 0.249)
	Ordinal coding

	CHSS-challenge and CHSS-hindrance only (test set)
	AUC 0.753; difference 0.013 (-0.031 to 0.060)
	CHSS-challenge and CHSS-hindrance correlation r = 0.78

	Sample size (Riley criterion, shrinkage 0.9)
	Cox–Snell R² 0.121; required n = 277 for 4 parameters (143 events per parameter) and 2,423 for 35 candidate parameters (16.3 events per parameter)
	Training n = 1,917 with 571 events


Notes: AUC = area under the ROC curve; O:E = observed-to-expected ratio; CV = cross-validation. Differences are four-predictor logistic model minus comparator, with bootstrap percentile 95% intervals (1,000 resamples) on the same test set. Code: figures/analysis/an1.py and an2.py.
Supplementary Table S3
Classification performance of the four-predictor model in the test set (n = 262; 78 events) at selected risk thresholds, and decision-curve net benefit.
	Risk threshold
	Flagged, %
	Sensitivity, % (95% CI)
	Specificity, % (95% CI)
	PPV, % (95% CI)
	NPV, % (95% CI)

	0.20
	73.7
	93.6 (85.9–97.2)
	34.8 (28.3–41.9)
	37.8 (31.3–44.8)
	92.8 (84.1–96.9)

	0.25
	60.3
	85.9 (76.5–91.9)
	50.5 (43.4–57.7)
	42.4 (35.0–50.2)
	89.4 (82.0–94.0)

	0.30
	47.7
	71.8 (61.0–80.6)
	62.5 (55.3–69.2)
	44.8 (36.4–53.5)
	83.9 (76.9–89.1)

	0.40
	23.3
	44.9 (34.3–55.9)
	85.9 (80.1–90.2)
	57.4 (44.9–69.0)
	78.6 (72.4–83.7)

	0.29 (Youden, training set)
	49.6
	74.4 (63.7–82.7)
	60.9 (53.7–67.6)
	44.6 (36.3–53.2)
	84.8 (77.8–90.0)


Decision-curve net benefit (test set)
	Threshold probability
	Net benefit, model
	Net benefit, treat all

	0.10
	0.230
	0.220

	0.20
	0.164
	0.122

	0.30
	0.101
	-0.003

	0.40
	0.067
	-0.170

	0.50
	0.038
	-0.405


Notes: Wilson 95% CIs. PPV = positive predictive value; NPV = negative predictive value. Net benefit of treating none is 0 at all thresholds. Prevalence in the test set: 29.8%.
\Supplementary Table S4
Data-quality screening for straight-line (long-string) responding on the CAAS and CHSS item batteries, and sensitivity analysis of the final predictive model excluding flagged participants.
Panel A. Long-string index screening (N = 2,179)
	[bookmark: _GoBack]Scale screened
	n flagged (identical response to every item)
	% of sample

	CAAS (24 items)
	668
	30.7%

	CHSS (11 items)
	790
	36.3%

	Flagged on CAAS only
	245
	11.2%

	Flagged on CHSS only
	367
	16.8%

	Flagged on both CAAS and CHSS
	423
	19.4%

	Flagged on CAAS or CHSS (either)
	1,035
	47.5%

	Not flagged on CAAS or CHSS (screened subsample) – retained for sensitivity analysis
	1,144
	52.5%


Long-string index: a respondent is flagged on a scale if every item of that scale received an identical response (zero within-scale variance), following Meade & Craig (2012). Screening was restricted to CAAS and CHSS because these are the two scales retained as model predictors; the outcome measure (ISI) and non-predictor scales collected in the same battery were not screened, as they do not enter the prediction model.
Panel B. Final logistic model re-estimated after excluding flagged participants (screened subsample, n = 1,144; training n = 1,006, test n = 138)
	Predictor
	Full sample OR (95% CI)
	Full sample p
	Screened subsample OR (95% CI)
	Screened subsample p

	Average night shifts: 1-3 (ref. 0)
	1.17 (0.77, 1.80)
	0.46
	0.84 (0.44, 1.57)
	0.58

	Average night shifts: 4-8 (ref. 0)
	1.36 (1.05, 1.76)
	0.018
	1.41 (1.00, 1.98)
	0.049

	Average night shifts: >8 (ref. 0)
	2.37 (1.79, 3.15)
	<.001
	2.44 (1.65, 3.60)
	<.001

	CAAS score
	0.983 (0.976, 0.990)
	<.001
	0.983 (0.972, 0.994)
	0.002

	CHSS-Challenge score
	1.39 (1.12, 1.73)
	0.002
	1.48 (1.13, 1.95)
	0.005

	CHSS-Hindrance score
	1.68 (1.38, 2.04)
	<.001
	1.81 (1.43, 2.29)
	<.001

	Model performance
	Full sample
	Screened subsample

	Held-out test-set AUC (95% CI)
	0.766 (0.708–0.825)
	0.723 (0.621–0.815)

	Held-out test-set Brier score
	—
	0.177

	Moderate-to-severe insomnia prevalence
	29.8%
	30.7%


Notes: The screened-subsample model was re-fit from scratch on a fresh stratified random split of the screened subsample (same 88:12 ratio and random seed logic as the primary analysis), not merely re-evaluated using the full-sample model's coefficients. All four key predictor associations retained the same direction and statistical significance (or gained significance, for average night shifts 4–8 per month) in the screened subsample, with point estimates similar to or modestly larger than the full-sample estimates, indicating that straight-line responding did not spuriously generate the reported associations. OR = odds ratio; CI = confidence interval; CAAS = Career Adapt-Abilities Scale; CHSS = Challenge- and Hindrance-Related Self-Reported Stress.

Supplementary Table S5
Sensitivity of the four-predictor model to the ISI cut-off (same split and predictors; training n = 1,917; test n = 262).
	Outcome definition
	Prevalence, %
	Events (training)
	Test AUC
	OR, >8 vs 0 night shifts (95% CI)
	OR, CHSS-hindrance per point (95% CI)

	ISI ≥8
	73.3
	1401
	0.780
	2.59 (1.84–3.65)
	2.14 (1.77–2.58)

	ISI ≥10
	63.1
	1200
	0.787
	2.45 (1.82–3.29)
	2.24 (1.87–2.68)

	ISI ≥15
	29.8
	571
	0.766
	2.37 (1.79–3.15)
	1.68 (1.38–2.04)

	ISI ≥22
	7.3
	142
	0.787
	4.49 (2.67–7.54)
	1.47 (1.04–2.07)


Other sensitivity analyses
Candidate set extended with the PES-NWI, PPFI and TSNGNS: Boruta confirmed age, years of experience, CAAS, CHSS-challenge, CHSS-hindrance, night shifts, PPFI, PES-NWI and TSNGNS; LASSO (1-SE) retained night shifts, CAAS, CHSS-challenge, CHSS-hindrance, years of experience, PPFI and PES-NWI. Test-set AUC of the four-predictor model with ordinal night-shift coding 0.755; adding PPFI 0.754; LASSO-selected extended set 0.772. Likelihood-ratio tests against 4-df restricted cubic splines: CAAS χ²(3) = 5.77, P = 0.123; CHSS-challenge χ²(3) = 8.51, P = 0.037; CHSS-hindrance χ²(3) = 8.71, P = 0.033. Interaction terms (challenge × hindrance; any night shift × hindrance): χ²(2) = 3.36, P = 0.186. Prevalence of moderate-to-severe insomnia in participants flagged versus not flagged for straight-line responding: 28.8% vs 30.7% (P = 0.36).
Supplementary figure s1 
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Nomogram for estimating the probability of moderate-to-severe insomnia in nurses
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Instructions: for each predictor, find the nurse's value, draw a vertical line up to the Points scale, and sum the points across all four predictors.
Locate the sum on the Total points scale and read the corresponding predicted risk directly below. Internally validated only; not intended for individual-level decisions before external validation.
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