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SUPPLEMENT MATERIAL


Table S1. Association between outcome and predictor variables in the logistic regression and elastic net models

	
	Logistic Regression
adjusted OR (95% CI)
	Elastic Net
adjusted OR (95% CI)

	
	with missing
data coded as “unknown”
	 p
	with missing
data imputed
by MICE †
	p
	with missing
data coded as “unknown”
	with missing 
data imputed 
by MICE †

	Demographics
	
	
	
	
	
	

	Age (yr)
	
	
	
	
	
	

	   < 50
	1
	
	1
	
	1
	1

	   ≥ 50
	1.78 (1.24-2.54)
	0.002
	1.88 (1.33-2.67)
	<0.001
	1.26 (1.7-1.25)
	1.30 (1.16-1.47)

	Gender
	
	
	
	
	
	

	   Female
	1
	
	1
	
	
	1

	   Male
	1.65 (1.19-2.29)
	0.003
	1.64 (1.18-2.27)
	0.003
	1.18 (1.09-1.27)
	1.20 (1.06-1.37)

	Headache characteristics
	
	
	
	
	
	

	Duration
	
	
	
	
	
	

	   < 24 hr
	1
	
	1
	
	1
	1

	  1-3 d
	1.29 (0.83-2.00)
	0.248
	1.32 (0.85-2.04)
	0.218
	1.00 (0.92-1.09)
	1.00 (0.87-1.15)

	   > 3 d
	1.28 (0.85-1.95)
	0.239
	1.40 (0.93-2.10)
	0.109
	1.02 (0.95-1.09)
	1.03 (0.92-1.17)

	   Unknown (Missing)
	1.35 (0.40-3.65)
	0.589
	-
	-
	1.04 (0.81-1.33)
	-

	Onset
	
	
	
	
	
	

	   Gradual
	1
	
	1
	
	1
	1

	   < 1 hr (not instantaneous)
	1.30 (0.67-2.40)
	0.410
	1.47 (0.83-2.59)
	0.188
	1.01 (0.88-1.17)
	1.06 (0.85-1.32)

	   Instantaneous
	1.53 (0.95-2.47)
	0.079
	1.76 (1.15-2.68)
	0.009
	1.20 (1.08-1.34)
	1.30 (1.11-1.52)

	   Unknown (Missing)
	1.27 (0.88-2.10)
	0.154
	-
	-
	1.06 (0.97-1.16)
	-

	Location
	
	
	
	
	
	

	   Generalised
	1
	
	1
	
	1
	1

	   Unilateral
	0.53 (0.34-0.80)
	0.003
	0.50 (0.33-0.77)
	0.002
	0.87 (0.81-0.93)
	0.83 (0.74-0.95)

	   Unknown (Missing)
	1.06 (0.67-1.65)
	0.783
	-
	-
	1.11 (0.98-1.24)
	-

	Severity
	
	
	
	
	
	

	   Mild
	1
	
	1
	
	1
	1

	   Moderate
	0.98 (0.60-1.64)
	0.929
	0.85 (0.50-1.46)
	0.559
	0.92 (0.87-0.98)
	0.91 (0.81-1.02)

	   Severe
	1.26 (0.74-2.21)
	0.414
	1.25 (0.73-2.13)
	0.418
	1.12 (1.04-1.21)
	1.15 (1.07-1.31) 

	   Unknown (Missing)
	1.35 (0.74-2.45)
	0.328
	-
	-
	1.07 (0.95-1.19)
	-

	Worst ever
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.79 (1.14-2.76)
	0.010
	1.65 (1.08-2.55)
	0.022
	1.25 (1.11-1.40)
	1.28 (1.07-1.54)

	Associated activities
	
	
	
	
	
	

	Head trauma within last week
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.75 (0.83-3.40)
	0.119
	2.08 (1.04-4.18)
	0.039
	1.33 (1.00-1.77)
	1.39 (0.91-2.13)

	Relationship to exertion
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.59 (0.83-2.83)
	0.137
	1.57 (0.85-2.87)
	0.147
	1.13 (0.94-1.35)
	1.14 (0.85-1.52)

	Relationship to sexual activity
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.85 (0.59-4.79)
	0.243
	1.26 (0.42-3.80)
	0.683
	1.26 (0.81-1.95)
	1.21 (0.63-2.35)

	Associated symptoms
	
	
	
	
	
	

	Patient reported neck pain or stiffness
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.16 (0.72-1.82)
	0.530
	1.16 (0.73-1.85)
	0.523
	1.00 (0.91-1.10)
	1.01 (0.86-1.19)

	Nausea or vomiting
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.67 (1.19-2.34)
	0.003
	1.75 (1.25-2.47)
	0.001
	1.10 (1.03-1.18)
	1.14 (1.01-1.28)

	Syncope or loss of consciousness
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	3.07 (1.71-5.34)
	<0.001
	3.28 (1.88-5.71)
	<0.001
	1.81 (1.40-2.33)
	2.04 (1.43-2.90)

	Patient reported photophobia
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.51 (0.30-0.83)
	0.009
	0.50 (0.30-0.82)
	0.006
	0.85 (0.80-0.91)
	0.84 (0.75-0.94)

	Patient reported limb weakness
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.05 (0.54-1.94)
	0.884
	1.08 (0.57-2.05)
	0.814
	1.25 (1.04-1.51)
	1.26 (0.95-1.67)

	Patient reported limb paraesthesia
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.25 (0.66-2.22)
	0.477
	1.28 (0.70-2.34)
	0.426
	1.02 (0.87-1.19)
	1.04 (0.80-1.35)

	Patient reported speech difficulty
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	2.52 (1.37-4.47)
	0.002
	2.75 (1.52-4.97)
	0.001
	1.72 (1.30-2.24)
	1.87 (1.31-2.66)

	Patient reported visual disturbance
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.04 (0.64-1.65)
	0.872
	1.08 (0.66-1.75)
	0.756
	1.05 (0.94-1.17)
	1.05 (0.88-1.25)

	Patient reported fever
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.61 (0.26-1.25)
	0.204
	0.61 (0.28-1.31)
	0.203
	0.88 (0.79-0.98)
	0.87 (0.72-1.05)

	Patient reported rash
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	NA
	
	NA
	
	NA
	NA

	Associated conditions
	
	
	
	
	
	

	Pregnancy
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.72 (0.11-2.59)
	0.668
	0.96 (0.22-4.15)
	0.960
	0.91 (0.77-1.08)
	0.92 (0.66-1.27)

	Post partum
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	NA
	
	NA
	
	NA
	NA

	Immunosuppression
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.79 (0.15-2.76)
	0.739
	0.70 (0.16-3.09)
	0.641
	0.99 (0.74-1.32)
	0.96 (0.60-1.53)

	Past history
	
	
	
	
	
	

	Any neoplasm
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	3.37 (1.90-5.80)
	<0.001
	3.69 (2.06-6.61)
	<0.001
	1.92 (1.43-2.59)
	2.02 (1.35-3.01)

	Benign headaches
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.35 (0.22-0.56)
	<0.001
	0.47(0.26-0.86)
	0.018
	0.81 (0.76-0.86)
	0.76 (0.63-0.91)

	   Unknown (Missing)
	0.75 (0.50-1.11)
	0.146
	-
	-
	0.96 (0.90-1.03)
	-

	Stroke or TIA
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.86 (0.40-1.69)
	0.677
	0.86 (0.42-1.76)
	0.681
	1.10 (0.87-1.39)
	1.09 (0.76-1.56)

	Subarachnoid haemorrhage (SAH)
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.40 (0.04-1.69)
	0.352
	0.33 (0.04-2.47)
	0.281
	0.99 (0.61-1.60)
	0.92 (0.46-1.82)

	Cerebral aneurysm without SAH
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.91 (0.63-5.05)
	0.221
	1.73 (0.61-4.88)
	0.300
	1.51 (0.87-2.64)
	1.53 (0.71-3.33)

	Intracranial vascular abnormality
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	7.99 (1.84-29.3)
	0.003
	0.91 (2.22-37.5)
	0.002
	2.60 (1.05-6.40)
	2.83 (0.86-9.33)

	Intracranial hypertension
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	NA
	
	NA
	
	NA
	NA

	Serious intracranial injury
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	4.06 (1.65-9.20)
	0.0011
	4.02 (1.74-9.30)
	0.001
	2.32 (1.36-3.07)
	2.37 (1.22-4.60)

	Ventriculo-peritoneal shunt
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.29 (0.31-4.02)
	0.696
	1.20 (0.33-4.30)
	0.783
	1.25 (0.76-2.05)
	1.25 (0.59-2.62) 

	Vital signs
	
	
	
	
	
	

	Heart rate (bpm)
	
	
	
	
	
	

	   < 100
	1
	
	1
	
	1
	1

	   ≥ 100
	0.56	 (0.28-1.03)
	0.077
	0.63 (0.33-1.23)
	0.177
	0.90 (0.81-1.00)
	0.90 (0.75-1.09)

	   Unknown (Missing)
	0.75 (0.09-4.89)
	0.785
	-
	
	1.08 (0.71-1.63)
	-

	Systolic blood pressure (mmHg)
	
	
	
	
	
	

	   < 140
	1
	
	1
	
	1
	1

	   ≥ 140
	1.09 (0.77-1.55)
	0.629
	1.30 (0.89-1.88)
	0.169
	1.14 (1.06-1.23)
	1.18 (1.04-1.34)

	   Unknown (Missing)
	0.87 (0.09-4.89)
	0.888
	-
	
	0.96 (0.74-1.24)
	-

	Temperature (C)
	
	
	
	
	
	

	   Afebrile
	1
	
	1
	
	1
	1

	   Febrile
	0.32 (0.05-1.29)
	0.165
	0.46 (0.10-2.12)
	0.313
	0.79 (0.67-0.94)
	0.81 (0.59-1.12)

	   Unknown (Missing)
	3.02 (1.66-5.29)
	<0.001
	-
	
	1.26 (1.07-1.49)
	-

	Glasgow Coma Scale score
	
	
	
	
	
	

	   15
	1
	
	1
	
	1
	1

	   3-14
	4.75 (2.37-9.41)
	<0.001
	2.25 (1.36-3.73)
	0.002
	3.51 (2.49-4.96)
	1.48 (1.10-1.98)

	   Unknown (Missing)
	0.56 (0.28-1.04)
	0.082
	-
	
	0.91 (0.83-1.00)
	-

	Examination
	
	
	
	
	
	

	Confusion
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	2.11 (0.97-4.43)
	0.053
	3.36 (1.55-7.32)
	0.003
	2.05 (1.44-2.92)
	2.73 (1.68-4.43)

	Rash on exam
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.39 (0.06-1.57)
	0.255
	0.43 (0.08-2.20)
	0.313
	0.87 (0.66-1.16)
	0.86 (0.52-1.41)

	Limited neck flexion
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.64 (1.17-1.88)
	0.457
	0.67 (0.21-2.14)
	0.495
	0.99 (0.80-1.22)
	1.00 (0.70-1.43)

	Speech difficulty on exam
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	0.75 (0.18-2.84)
	0.686
	0.86 (0.21-3.52)
	0.831
	1.14 (0.54-2.39)
	1.26 (0.53-2.99)

	Limb weakness on exam
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	5.50 (2.28-13.0)
	<0.001
	5.71 (2.41-13.5)
	<0.001
	2.48 (1.61-3.82)
	2.74 (1.45-5.17)

	Cerebellar signs on exam
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	6.87 (2.40-17.8)
	<0.001
	6.52 (2.30-18.5)
	<0.001
	3.04 (1.55-5.95)
	3.03 (1.23-7.48)

	Other focal signs on exam
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	1.75 (0.59-4.46)
	0.275
	1.83 (0.67-5.05)
	0.241
	1.32 (0.93-1.88)
	1.38 (0.86-2.22)

	Visual defect on exam
	
	
	
	
	
	

	   No
	1
	
	1
	
	1
	1

	   Yes
	2.03 (0.88-4.35)
	0.080
	2.07 (0.92-4.64)
	0.078
	1.37 (1.02-1.83)
	1.42 (0.89-2.26)

	Fundoscopy findings
	
	
	
	
	
	

	   No papilloedema
	1
	
	1
	
	1
	1

	   Papilloedema
	3.94 (0.51-18.8)
	0.123
	5.03
	0.065
	1.55 (0.66-3.62)
	1.73

	   Fundoscopy not done
	1.24 (0.73-2.19)
	0.445
	1.43 (0.80-2.56)
	0.228
	1.02 (0.91-1.14)
	1.05 (0.86-1.28)

	Investigations
	
	
	
	
	
	

	White Blood Cell count (x 109/L)
	
	
	
	
	
	

	   Median, IQR  
	
	
	
	
	
	

	   < 10
	1
	
	1
	
	1
	1

	   ≥ 10
	2.30 (1.50-3.49)
	<0.001
	1.74 (0.95-3.20)
	0.071
	1.36 (1.19-1.55)
	1.18 (0.82-1.70)

	   Unknown (Missing)
	0.67 (0.43-1.03)
	0.067
	-
	
	0.87 (0.81-0.92)
	-

	C-Reactive Protein (mg/L)
	
	
	
	
	
	

	   Median, IQR
	
	
	
	
	
	

	   < 10
	1
	
	1
	
	1
	1

	   ≥ 10
	1.79 (0.88-3.51)
	0.097
	1.17 (0.38-3.61)
	0.746
	1.07 (0.91-1.26)
	1.07 (0.77-1.48)

	   Unknown (Missing)
	1.44 (0.93-2.25)
	0.103
	-
	
	1.03 (0.95-1.12)
	-



bpm	= beats per minute
CI	= confidence interval
GCS	= Glasgow Coma Scale
IQR	=	interquartile range
L	= litres
LOC	= loss of consciousness
mg	= milligrams
OR	= odds ratio

† Missing data were imputed using MICE (Multivariate Imputation by Chained Equations). Five individual datasets were generated with MICE and pool estimates were calculated using Rubin’s Rule. Standard errors of the coefficients for the elastic net were derived from 1000 bootstrap samples.





Table S2. Model performance matrices


	Dataset & Model
	Hyperparameter
	Brier
	AUPRC
	AUROC
	Calibration curve

	
	
	Score
	(95% CI)
	(95% CI)
	Slope
	Intercept

	Imputed 1
	
	
	
	
	
	

	   Logistic 
   Regression
	
	0.032
	0.314
(0.233,  0.404)
	0.840
(0.796, 0.8831)
	0.71
(–0.32, 0.13)
	0.10
(0.59, 0.82)

	   Elastic Net
	α = 0.720
λ = 0.016
	0.033
	0.295
(0.215,  0.386)
	0.834
(0.794, 0.874)
	1.63
(1.38, 1.89)
	–0.01
(–0.21, 0.20)

	   Random Forest
	mtry = 27
no. trees = 1,000
	0.034
	0.276
(0.195,  0.366)
	0.797
(0.753, 0.842)
	0.64
(0.52, 0.76)
	–0.25
(–0.47, –0.03)

	Unknown 2
	
	
	
	
	
	

	   Logistic 
   Regression
	
	0.033
	0.286
(0.208,  0.375)
	0.825
(0.782, 0.869)
	0.67
(0.5, 0.78)
	0.02
(–0.25, 0.21)

	   Elastic Net
	α = 0.700
λ = 0.022
	0.034
	0.243
(0.170,  0.332)
	0.794
(0.750, 0.838)
	1.6
(1.22, 1.88)
	0.00
(–0.20, –0.20)

	   Random Forest
	mtry = 32
no. tree = 1,000
	0.035
	0.245386
(0.169,  0.330)
	0.779
(0.733, 0.825)
	0.52
(0.42, 0.62)
	–0.23
(–0.45, –0.01)




AUPRC = area under precision-recall curve (95% CI)
AUROC = area under receiver operating characteristic curve (95% CI)
α = the alpha hyperparameter
λ = the lambda hyperparameter
mtry = number of predictors randomly selected for evaluation at each decision node
no. tree = number of trees

1 Missing data imputed by MICE		
2 Missing data coded as an “unknown” level
	






Figure S1. Density plot of predicted probabilities for a clinically important computed tomography brain scan abnormality
[image: ]


Figure S2. Plot of the threshold versus sensitivity and specificity for the logistic regression model
[image: ]
The F1 score is the harmonic mean of precision and recall



Figure S2. Calibration plot of logistic regression of model trained and tested on patients with a CT scan performed.
[image: ]


	Dataset & Model
	Brier
	AUPRC
	AUROC
	Calibration curve

	
	Score
	
	
	Slope
	Intercept

	Imputed 1
	
	
	
	
	

	   Logistic Regression
	0.0.069
	0.503
(0.417,  0.404)
	0.841
(0.802-0.881)
	1.04
(–0.85, 0.13)
	–0.03
(–0.26, 0.20)



AUPRC = area under precision-recall curve
AUROC = area under receiver operating characteristic curve

1 Missing values imputed by MICE		
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