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Additional	information	on	Methods	

NEWS	 as	 a	 predictor	 of	 deterioration	 in	 patients	 with	 mild	 to	 moderately	
severe	illness	

Operational	definitions	of	deterioration	

In	the	original	validation	of	NEWS,	about	2%	of	the	population	had	the	combined	outcome	
of	cardiac	arrest,	unanticipated	ICU	admission,	or	death	—	each	within	24	hours	[Smith	
2013].	Furthermore,	the	proportions	for	each	of	the	three	individual	outcomes	and	the	
composite	outcomes	increased	monotonically	through	the	range	of	NEWS	scores.	

Thus,	as	designed	in	its	development,	a	NEWS	score	between	2	and	5	defines	a	population	at	
low	risk	of	cardiac	arrest	within	24	hours,	death	within	24	hours,	or	ICU	admission	within	24	
hours.	

However,	a	clinically	important	proportion	of	patients	admitted	to	A&E	or	Medical	Admissions	
Unit	with	mild	to	moderately	severe	illness	(NEWS	scores	between	2	and	5)	do	deteriorate,	
and	the	NEWS	score	is,	by	design,	not	able	to	identify	these	patients.	

The	improvement	challenge	is	to	identify	biomarkers	that	will	increase	the	discrimination	of	
low	NEWS	scores.	And	the	methodological	challenge	was	to	develop	convenient	and	effective	
operational	definitions	of	deterioration	from	mild/moderately	severe.	

As	NEWS	is	used	to	monitor	changes	in	severity	of	illness,	we	decided	to	base	our	primary	
operational	definition	of	deterioration	on	an	increase	of	at	least	2	in	the	NEWS	score.	

Acuity	Increase.	The	primary	outcome	was	the	proportion	of	patients	who,	within	72	hours,	
had	any	combination	of:		

• an	increase	of	at	least	2	in	the	NEWS	score	
• transfer	to	a	higher-dependency	bed	or	monitored	area	
• death	
• for	those	discharged	from	hospital,	re-admission	for	medical	reasons.		

We	labelled	this	measure	Acuity	Increase.	

	

Because	 there	 was	 concern	 about	 variations	 in	 NEWS	 scoring	 and	 about	 using	 NEWS	 to	
predict	 a	 change	 in	NEWS	 (which	 it	 is	 designed	 not	 to	 do	 in	 this	 study’s	 population),	we	
defined	two	other	measures	of	deterioration,	one	direct,	and	the	other	indirect:	

Deterioration	Event:	the	occurrence	of	one	or	more	of	the	following:	

• transfer	to	higher	level	of	care	within	72	hours	from	admission;	
• death	(for	reasons	related	to	admission)	within	30	days;	
• re-admission	to	hospital	 (for	the	same	reason	as	the	previous	admission)	within	30	

days	from	first	admission	

Length	of	Stay:	the	duration	in	days	from	admission	to	discharge	or	death	
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Predictors	of	deterioration	for	statistical	modelling	

In	 the	 analyses,	we	 included	NEWS	 as	 a	 possible	 predictor	 of	 deterioration.	 As	 expected,	
NEWS	 scores	 consistently	 do	 not	 predict	 deterioration,	 for	 all	 three	 of	 our	 operational	
definitions.	

In	line	with	the	original	validation	of	NEWS,	we	included	NEWS	as	an	ordinal	variable	[Smith	
2013].		

Analytical	data	exploration	

Univariate	 logistic	 regressions	were	used	 to	 investigate	whether	 the	 relationship	between	
outcome	 variables	 (i.e.	 deterioration	 measures)	 and	 the	 input	 variables	 (NEWS	 and	MR-
proADM,	age,	comorbidities,	gender,	CRP,	and	WBC)	were	linear.	If	they	were	not	linear,	log	
transformation	and	squared	transformation	were	applied.	If	the	transformation	substantially	
lowered	the	AIC,	then	the	transformed	variable	was	used	in	statistical	analyses.	

For	categorical	variables	with	multiple	ordinal	levels	(i.e.	NEWS	score),	the	univariate	analysis	
informed	 if	 it	 was	 appropriate	 to	 include	 the	 variable	 in	 the	 model	 as	 a	 continuous	 or	
categorical	factor.	If	the	coefficients	in	the	univariate	models	increased	linearly,	then	a	linear	
relationship	with	the	outcome	could	be	assumed,	and	the	variable	was	included	in	the	model	
as	continuous,	otherwise	the	variable	was	treated	as	a	categorical	factor.	

Univariate	 analyses	 were	 also	 used	 to	 identify	 the	 variables	 that	 affected	 the	 outcome	
significantly.	Variables	with	a	probable	relationship	with	the	outcome	variable	(p<0.1)	were	
included	in	the	full	model	logistic	regression.	

Visual	data	exploration	and	interaction	between	MR-proADM	and	COPD/HF	

After	formatting	the	datasets,	all	variables	were	graphed	(bar-charts	for	categorical	variables,	
and	scatterplots/histograms	for	continuous	variables)	and	visually	checked	for	outliers	and	
distributions	that	seemed	potentially	erroneous.		

If	outliers	were	identified,	the	cause(s)	were	investigated	to	understand	whether	they	were	
due	to	human	error	or	they	were	genuine	data.	Outliers	were	kept	in	the	primary	analysis.	In	
a	secondary	sensitivity	analysis,	outliers	were	removed	and	the	same	analyses	repeated	to	
assess	the	impact	on	the	results.	If	the	coefficients	of	the	predictors	changed	substantially,	
both	models	would	be	described.	There	was	one	genuine	outliner	patient	with	a	very	high	
level	of	MR-proADM	compared	to	the	population	mean,	but	its	exclusion	made	no	meaningful	
difference	to	the	results,	and	the	subject	was	included	in	the	final	analysis.	

The	influence	of	potentially	important	factors	(such	as	comorbidities)	on	the	ability	of	the	MR-
proADM	to	predict	deterioration	was	explored	graphically.		

Interaction	between	MR-proADM	and	COPD/HF	

A	significant	interaction	between	MR-proADM	and	the	presence	of	COPD/HF	was	discovered,	
and	 therefore	 included	 in	 the	 logistic	 regression	 (Outcome	1,	 predictor	 set	 c).	 The	plot	 is	
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shown	in	Supplementary	Figure	s1.	This	interaction	showed	that	the	MR-proADM	level	was	
increased	in	patients	who	deteriorated,	but	only	if	they	did	not	have	COPD	or	HF.		

There	was	no	suggestion	that	age;	comorbidities:	COPH	and	HF;	other	comorbidities;	CRP;	or	
WBC	would	improve	the	accuracy	of	prediction.	

	
Interaction	between	MR-proADM	and	COPD/HF.	

	

Relationship	between	Length	of	Stay	and	Age	

In	Supplementary	Figure	s1	the	relationship	between	Length	of	Stay	and	Age	is	shown.		

	

Supplementary	Figure	s1.	Relationship	between	Length	of	Stay	and	Age.	
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Checking	for	multicollinearity	and	autocorrelation	

Correlations	 among	 biomarkers	 were	 also	 investigated	 through	 plotting	 to	 evaluate	
multicollinearity	and	added	value	of	MR-proADM	versus	other	biomarkers.	Plots	are	shown	
in	Supplementary	Figure	s2.	

	
Supplementary	Figure	s2.	Associations	between	MR-proADM	and	CRP,	age,	WBC,	and	NEWS.	
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Diagnostic	plots	for	length	of	stay	analysis	

	

Supplementary	 Figure	 s3.	Diagnostic	 plots	 for	 linear	 regression	 evaluating	 the	 prediction	
accuracy	of	MR-proADM	for	Length	of	Stay.	

The	diagnostics	of	the	model	showed	no	multicollinearity	in	the	data	since	all	the	correlation	
coefficients	among	the	independent	variables	were	smaller	than	0.5.	No	autocorrelation	was	
found	in	the	data,	thus	residuals	are	independent	from	each	other:	the	Durbin-Watson	test	
estimated	d	=	2.02	(p	=	0.56).	Evidence	for	homoscedasticity	was	provided	graphically	by	the	
randomly	 scattered	 points	 and	 almost	 horizontal	 fitted	 lines	 in	Supplementary	 Figure	 s3,	
(Residuals	vs	fitted	plot).	Analysis	of	Cook’s	distance	showed	that	there	were	no	influential	
points	(d	<4/51,	Supplementary	Figure	s3).	

Analyses	of	shorter	term	outcomes	

The	analyses	found	that	NEWS	and	MR-proADM	had	much	lower	accuracy	in	predicting	Acuity	
Increase	at	24	and	12	hours	from	admission	than	in	predicting	Acuity	Increase	at	72	hours	as	
apparent	in	Supplementary	Table	s1.		
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Supplementary	 Table	 s1.	 Logistic	 regression	 for	NEWS	 and	MR-proADM	predicting	Acuity	
Increase	within	24	hours.	AIC	=	326;	AUC	=	0.59.	

Covariate	 Beta		 CI	 Odds	ratio(CI)	 P-value	

Intercept	 –1.42	 –1.70,	–0.64	 0.42	(0.27,	0.64)	 NA	

NEWS	3	 –0.006	 –0.64,	0.71	 1.04	(0.53,	2.04)	 0.985	

NEWS	4	 –0.37	 –1.58,	0.20	 0.52	(0.21,	1.22)	 0.368	

NEWS	5	 0.21	 –0.66,	1.01	 1.25	(0.52,	2.91)	 0.6244	

MR-proADM	 0.22	 –0.06,	0.44	 1.20	(0.95,	1.55)	 0.0547	

	

Supplementary	 Table	 s2.	 Logistic	 regression	 for	NEWS	and	MR-proADM	predicting	Acuity	
Increase	within	12	hours.	AIC	=	266;	AUC	=	0.57.	

Covariate	 Beta		 CI	 Odds	ratio(CI)	 P-value	

Intercept	 –1.83	 –2.47,	–1.24	 0.16	(0.08,	0.29)	 NA	

NEWS	3	 0.29	 –0.46,	1.04	 1.34	(0.63,	2.85)	 0.442	

NEWS	4	 –0.15	 –1.57,	0.76	 0.86	(0.31,	2.14)	 0.756	

NEWS	5	 0.29	 –0.74,	1.23	 1.33	(0.48,	3.42)	 0.564	

MR-proADM	 0.06	 –0.24,	0.31	 1.06	(0.79,	1.36)	 0.656	

	

Analyses	of	time-lag	effect	between	news	assessment	and	blood	collection	for	
assessment	of	MR-proADM	levels	

Given	 the	practicalities	 involved,	 it	was	not	possible	 to	 stipulate	 the	 timings	of	 taking	 the	
NEWS	on	admission	and	collecting	the	blood	sample	for	MR-proADM	testing.	It	was	expected	
that	difference	 in	 times	would	normally	be	 less	 than	6	hours,	but	 in	44	 subjects	 the	 time	
difference	was	more	than	6	hours.		

To	investigate	the	impact	of	time	differences	being	greater	than	expected,	another	analysis	
was	carried	out	excluding	subjects	for	whom	the	difference	was	more	than	6	hours	(time-lag	
compliant	 dataset).	 The	 hypothesis	 was	 that,	 if	 the	 time	 difference	 was	 an	 important	
parameter	 for	 the	 predictive	 accuracy	 of	MR-proADM	 level,	model	 coefficients	 would	 be	
greater	and	confidence	intervals	narrower	for	the	compliant	model.	This	was	not	the	case;	
results	were	similar	in	the	full	dataset	with	292	subjects	and	in	the	compliant	dataset	with	
248	subjects	(Supplementary	Table	s3).		
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Supplementary	 Table	 s3.	 Logistic	 regression	 for	NEWS	and	MR-proADM	predicting	Acuity	
Increase	for	the	time-lag	compliant	dataset.	AIC	=	295;	AUC	=	0.60.	

Covariate		 Beta		 CI	 Odds	ratio(CI)	 P-value	

Intercept	 –1.15	 –1.70,	–0.64	 0.42	(0.27,	0.64)	 NA	

NEWS	3	 –0.04	 –0.64,	0.71	 1.04	(0.53,	2.04)	 0.909	

NEWS	4	 –0.65	 –1.58,	0.20	 0.52	(0.21,	1.22)	 0.152	

NEWS	5	 0.22	 -0.66,	1.01	 1.25	(0.52,	2.91)	 0.613	

MR-proADM	 0.19	 -0.06,	0.44	 1.20	(0.95,	1.55)	 0.135	

Estimation	of	sensitivities	and	specificities	for	each	model	

For	completeness	we	estimated	the	sensitivity	and	specificity	for	each	model	 in	the	article	
(Supplementary	Table	s4).	We	used	the	Youden’s	index	to	estimate	“optimal”	cut-offs.	In	the	
next	phase	of	the	MR-proADM	evaluation,	the	optimal	cut-off	will	be	re-estimated	through	a	
decision	analysis	informed	by	the	role	of	the	test	in	the	pathway.	

Supplementary	Table	s4.	Sensitivity	and	specificity	of	the	logistic	regression	models.	Predictor	
set	a.	was	excluded	 from	 the	 table	 since	 the	AUROC	was	 too	 low	 to	 calculate	meaningful	
diagnostic	accuracy	data.		

Models		 Sensitivity	 Specificity	

Acuity	Increase	

Predictor	set	b.	 0.38	(0.29,	0.49)	 0.83	(0.78,	0.88)	

Predictor	set	c.	 0.66	(0.55,	0.76)	 0.69	(0.63,	0.76)	

Deterioration	Event	

Predictor	set	b.	 0.72	(0.56,	0.88)	 0.56	(0.50,	0.62)	

Predictor	set	c.	 0.59	(0.44,	0.75)	 0.83	(0.78,	0.87)	

	


