


Supplementary appendix


Appendix 1 – Flowchart of the patient selection process
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Legend. MDC, major diagnostic category. 



Appendix 2 – Specifications logistic regression model

We fitted the following logistic regression model:



in which 
P(Yi = 1)
denotes the probability of the patients dying during the hospital stay of admission i,
Yi 
denotes the binary variable that indicates the patients survived or died during the hospital stay of admission i,
CHG 
denotes the indicator for an admission i that receives chlorhexidine oral care, 
Age
denotes the variable that indicates the age of patient i,
Sex
denotes the variable that indicates the sex of patient i,
MedChir
denotes a binary indicator that classifies the admission i into a medical or surgical category, 
ER
denotes a binary indicator for an admission i through the emergency room, 
RoM 
denotes the risk of mortality for each admission i, and 
MDC 
denotes the major diagnostic category for each admission i. 
Our key parameter of interest is the estimate of β1 and β2 that represents the mean adjusted change in each outcome attributable to the use of chlorhexidine oral care. 
Feature selection and final fit is done through a stepwise forward and backward approach, depending on the Akaike Information Criterion (AIC) value (dropping and adding variables that lead to the smallest AIC). 
To assess the relative contribution of chlorhexidine oral care to the predictive value of the final model we additionally planned a logistic regression model without chlorhexidine oral care. Both regression models (with and without chlorhexidine oral care) were compared using the analysis of deviance with the Chi-square test, testing whether reduction in the residual sum of squares is statistically significant or not.
As we are aware of certain bias and potential confounding we use propensity scores to evaluate the range of the effect of the dichotomous variable on receiving chlorhexidine  oral care. We use the nearest neighbor approach and the logit function to calculate the weighted scores[footnoteRef:1]. [1:  Ho DE, Imai K, King G, Stuart EA, (2007) Matching as nonparametric preprocessing for reducing model dependence in parametric causal inference. Political Analysis 15: 199-236
] 

The results of using propensity score in the logistic regression model only fitting chlorhexidine oral care to the mortality (OR 2.69 95% CI 2.42 – 2.96, p < 0.001) are in line with the logistic regression model. We only report these results in this appendix and continue without this approach in the main article.





Appendix 3 – Receiver Operating Characteristic curve of the logistic regression analysis assessing relationships with mortality on the total study cohort (n=82 274), AUC=0.94
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The discriminative power of the models was assessed by receiver–operator characteristic (ROC) curve analysis, which demonstrates the sensitivity and specificity of the prediction model in a graphic way. The discriminative power is maximal when the area under the curve is 1; there is no discriminative power when this area is 0.5.



Appendix 4 – Mortality rates according to exposure to chlorhexidine oral care in cardiothoracic & vascular surgery patients

	 
	No chlorhexidine oral care
	Low chlorhexidine oral care
	High chlorhexidine oral care

	Major cardiothoracic & vascular surgery patients*
	 
	 
	 

	Risk of mortality category
	 
	 
	 

	 
	1-2, minor & moderate (n=748, non-survivors=0)
	0.00%
	0.00%
	0.00%

	 
	3, major (n=241, non-survivors=6)
	3.70%
	0.00%
	6.33%

	 
	4, extreme (n=117, non-survivors=36)
	30.00%
	31.82%
	30.16%

	All cardiothoracic & vascular surgery patients included in MDC-05**
	 
	 
	 

	Risk of mortality category
	 
	 
	 

	 
	1-2, minor & moderate (n=5154, non-survivors=5)
	0.07%
	0.23%
	0.00%

	 
	3, major (n=770, non-survivors=30)
	3.34%
	2.70%
	7.59%

	 
	4, extreme (n=410, non-survivors=122)
	29.55%
	26.88%
	32.72%



Legend:
*Patients included in the All Patient Refined-Diagnostic Related Groups (APR-DRG) 160 (major cardiothoracic repair of heart anomaly), APR-DRG 165 (coronary bypass with cardiac catheterization or percutaneous cardiac procedure), APR-DRG 166 (coronary bypass without cardiac catheterization or percutaneous cardiac procedure, and APR-DRG 169 (major thoracic and abdominal vascular procedures)
**Major Diagnostic Category-05: Diseases & disorders of the circulatory system



Appendix 5 – Results sub analyses by Major Diagnostic Category

In order to see the association between chlorhexidine oral care and mortality for each Major Diagnostic Category (MDC) we performed for all of them a subanalysis with risk of mortality, age and sex as predictors. We have to be carefull interpreting all these results as the number of non-survivors is rather small in some MDC (e.g. MDC 24 had no non-survivors receiving in the category high chlorhexidine oral care).


	MDC
	No chlorhexidine oral care
	Low chlorhexidine oral care
	High chlorhexidine oral care

	 
	 
	OR (95% CI)
	P value
	OR (95% CI)
	P value
	OR (95% CI)
	P value

	[bookmark: _GoBack]MDC00 (n=1547)
	Pre-MDC (Liver transplant, heart- and/or lung transplant, bone marrow transplant, tracheotomy and rest group)
	Reference
	 - 
	2.35 (1.17-4.86)
	0.017
	1.8 (0.93-3.62)
	0.089

	MDC01 (n=7691)
	Diseases & disorders of the nervous system
	Reference
	 - 
	2.3 (1.69-3.14)
	<.001
	1.36 (0.88-2.06)
	0.16

	MDC03 (n=6276)
	Diseases & disorders of the ear, nose, mouth & throat
	Reference
	 - 
	1.28 (0.47-3.12)
	0.6
	2.95 (0.99-7.96)
	0.04

	MDC04 (n=4963)
	Diseases & disorders of the respiratory system
	Reference
	 - 
	2.04 (1.58-2.63)
	<.001
	2.68 (1.86-3.83)
	<.001

	MDC05 (n=11343)
	Diseases & disorders of the circulatory system
	Reference
	 - 
	1.21 (0.89-1.63)
	0.22
	1.37 (0.97-1.92)
	0.075

	MDC06 (n=7600)
	Diseases & disorders of the digestive system
	Reference
	 - 
	2.53 (1.74-3.66)
	<.001
	2.22 (1.36-3.57)
	0.001

	MDC07 (n=3582)
	Diseases & disorders of the hepato-biliary system & pancreas
	Reference
	 - 
	2.18 (1.47-3.23)
	<.001
	1.84 (1.07-3.12)
	0.025

	MDC08 (n=10552)
	Diseases & disorders of the musculoskeletal system & connective tissue
	Reference
	 - 
	5.57 (3.24-9.49)
	<.001
	3.71 (1.9-7.03)
	<.001

	MDC09 (n=4193)
	Diseases & disorders of the skin, subcutaneous tissue & breast
	Reference
	 - 
	8.12 (3.76-17.44)
	<.001
	5.41 (1.59-16.89)
	0.005

	MDC10 (n=2435)
	Endocrine, nutritional & metabolic diseases & disorders
	Reference
	 - 
	5.27 (2.27-12.42)
	<.001
	7.64 (2.48-22.8)
	<.001

	MDC11 (n=4683)
	Diseases & disorders of the kidney & urinary tract
	Reference
	 - 
	4.53 (2.53-8.18)
	<.001
	3.79 (1.68-8.27)
	0.001

	MDC12 (n=895)
	Diseases & disorders of the male reproductive system
	Reference
	 - 
	17.51 (4.28-74.25)
	<.001
	all survivors
	

	MDC13 (n=1870)
	Diseases & disorders of the female reproductive system
	Reference
	 - 
	4.75 (1.15-19.27)
	0.027
	23.22 (2.69-236.18)
	0.005

	MDC16 (n=881)
	Diseases & disorders of blood, blood forming organs, immunological disorders
	Reference
	 - 
	2.75 (0.88-7.94)
	0.068
	1.62 (0.3-6.98)
	0.544

	MDC17 (n=3622)
	Myeloproliferative diseases & disorders, poorly differentiated neoplasms
	Reference
	 - 
	3.17 (2.08-4.8)
	<.001
	2.92 (1.68-4.99)
	<.001

	MDC18 (n=1809)
	Infectious & parasitic diseases & disorders, systemic or unspecified sites
	Reference
	 - 
	1.13 (0.71-1.78)
	0.611
	1.19 (0.69-2.02)
	0.525

	MDC19 (n=2402)
	Mental diseases & disorders
	Reference
	 - 
	all survivors
	 
	8.51 (0.91-74.61)
	0.05

	MDC21 (n=1515)
	Injuries, poisonings & toxic effects of drugs
	Reference
	 - 
	0.67 (0.22-1.9)
	0.452
	0.66 (0.17-2.35)
	0.533

	MDC22 (n=306)
	Burns
	Reference
	 - 
	0 (0-0.11)
	0.012
	0.04 (0-0.56)
	0.035

	MDC23 (n=3592)
	Factors influencing health status and other contacts with health services
	Reference
	 - 
	6.6 (2.57-16.36)
	<.001
	4.96 (0.69-22.24)
	0.058

	MDC24 (n=302)
	Multiple significant trauma
	Reference
	 - 
	1.31 (0.06-12.09)
	0.827
	all survivors
	 

	MDC25 (n=215)
	Human immunodeficiency virus infection
	Reference
	 - 
	0.13 (0.04-0.37)
	<.001
	0.16 (0.05-0.49)
	0.002







7

image1.emf



107 308 patients hospitalized and 
discharged between 2012 and 2014 



N=101 804 



N=88 392 



N=82 275 



82 274 patients included in analysis 



5 504 patients without risk of mortality 



13 412 patients aged < 16 years 



6 117 patients in MDC group with <6 deceased patients 



1 patient with unduly billed oral care solutions (~internal quality audit) 
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