Annex A Analysis of relations between ICD10 codes observed in part 1 of death certificates, methods
We focused on part 1 of certificates, with the aim of identifying the associations between codes and if a causal order between them is preferred by certifiers. We eliminated duplicated codes, giving preference to the code in the lowest line. Z-codes were not considered for the analyses as they are not included in decision tables. Statistical analyses were performed using the software SAS Studio (Release: 3.6 Enterprise edition).

Analysis of jointly mentioned ICD10 codes in part 1
For each ICD10 code, the frequency of mentions in part 1 was computed. The analysis of jointly mentioned ICD10 codes in part 1 refers to the study of pairs of codes both mentioned on a certificate in part 1, independently from their positions. For each possible pair of codes, we computed the frequencies of certificates mentioning both codes, in order to highlight the pairs of codes most reported by physicians. We estimated the significance of the association between the two codes by means of 2X2 contingency table (table 2) representing the distribution of death certificates by code-mention.

Table A1. Contingency table for the analysis of associations
	
	
	Code 2
	

	
	
	
	

	
	
	Mentioned
	Not mentioned
	

	Code 1
	Mentioned
	A
	B
	A+B

	
	Not mentioned
	C
	D
	C+D

	
	
	A+C
	B+D
	N



Cell A represents the frequency of certificates mentioning (in part 1) both codes 1 and 2, cell B the frequency of certificates in which code 1 is mentioned and code 2 is not mentioned, cell C the frequency of certificates in which code 1 is not mentioned and code 2 is mentioned, and cell D the frequency of certificates without both codes. N represents the total number of certificates. 
For each possible pair of codes the correspondent contingency table was studied. On the basis of the table, for each cell, expected frequencies were computed by the product of marginal frequencies divided by the total (i.e. for cell A: [(A+B)*(A+C)]/N), then the chi-square test and the relative p-value at significance level α=0.05 were calculated, to evaluate if there is a significant difference between the observed frequencies and the expected ones. For each possible pair of codes we evaluated if it is mentioned on certificates significantly more than expected (the frequency of certificates reporting both the codes – cell A of table 2 - is higher than expected and the chi-square test highlights a statistically significant association), if it is mentioned on certificates significantly less than expected (the frequency of certificates reporting both the codes is lower than expected and the chi-square test highlights a statistically significant association), or if there is not a significant difference between observed and expected frequencies (chi-square test highlights a not significant association).

Analysis of “due to” relations between ICD10 codes reported in part 1
To explore due to relations between two codes, we took into account also the “direction” of the relations (i.e. the causal order indicated by physicians) on certificates mentioning both codes in part 1. We define that CA is in due to position respect to CS if CA is mentioned on a higher line than CS. For each pair of codes we selected certificates jointly mentioning the codes (CA and CS) in different lines of part 1, excluding cases where the joint reporting was on the same line. For each pair (CA and CS) we calculated the frequency of certificates mentioning CA due to CS on the total number of certificates jointly mentioning the pair in different lines. Afterwards, we compared this observed frequency with the expected one calculated as follows. In certificates jointly mentioning two codes (CA and CS) in different lines of part 1, they can be reported in two different ways: CA on a higher line than CS, CA on a lower line than CS. We assumed that these two events have equal probability to occur:
· in 1/2 of certificates mentioning both the codes in part 1 CA is on a higher line than CS; 
· in 1/2 of certificates mentioning both the codes in part 1 CA is on a lower line than CS.
Therefore, we expect that in 1/2 of certificates CA is in due to position respect to CS, and in 1/2 of certificates it is not in due to position respect to CS (null hypothesis). For instance, in case of independence, if I46.9 and G12.2 are jointly reported in different lines on 30 certificates, we expect that that in fifteen of them I46.9 is in due to position respect to G12.2, and in the other fifteen it is not. We tested the null hypothesis by means of a chi-square test at significance level α=0.05. The analysis allowed to evaluate if CA is reported in due to position respect to CS significantly more or less than expected.
We define positive due to relation between two codes (CA and CS) when the frequency of certificates reporting CA in due to position respect to CS is significantly higher than expected. On the contrary, negative due to relation is when the frequency of certificates reporting CA in due to position respect to CS is significantly lower than expected.
For the relations statistically significant, we also compared the results obtained with the decision tables (2019 version), evaluating if there is concordance or discordance between the results and the decision tables. 
We state that for a pair of codes there is “concordance” between the results and the decision tables if between the two codes: 
· there is a positive due to relation and the due to  is accepted according to the tables or
· there is a negative due to relation and the due to is not accepted according to the tables. 
We state that there is “discordance” between the results and the decision tables if:
· there is a positive due to relation and the due to is not accepted according to the tables or
· there is a negative due to relation and the due to is accepted according to the  tables. 
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