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Supplementary Table 1. Definition of the Variables Used in this Study
	Variable
	Definition

	Drug abuse (DA)
	DA was identified in the Swedish medical and mortality registries by ICD codes (ICD8: Drug dependence (304); ICD9: Drug psychoses (292) and Drug dependence (304); ICD10: Mental and behavioral disorders due to psychoactive substance use (F10-F19), except those due to alcohol (F10) or tobacco (F17)); in the Suspicion Register by codes 3070, 5010, 5011, and 5012, that reflect crimes related to DA; and in the Crime Register by references to laws covering narcotics (law 1968:64, paragraph 1, point 6) and drug-related driving offences (law 1951:649, paragraph 4, subsection 2 and paragraph 4A, subsection 2). DA was identified in individuals (excluding those suffering from cancer) in the Prescribed Drug Register who had retrieved (in average) more than four defined daily doses a day for 12 months from either of Hypnotics and Sedatives (Anatomical Therapeutic Chemical (ATC) Classification System N05C and N05BA) or Opioids (ATC: N02A). DA was considered a binary variable in the models.

	Alcohol use disorder (AUD)
	AUD was identified in the Swedish medical and mortality registries by ICD codes: ICD9: V79B, 305A, 357F, 571A-D, 425F, 535D, 291, 303, 980; ICD 10: E244, G312, G621, G721, I426, K292, K70, K852, K860, O354, T51, F10); in the Crime Register by codes 3005, 3201, which reflect crimes related to alcohol abuse; in the Suspicion Register by codes 0004, 0005 (Only those individuals with at least two alcohol-related crimes or suspicion of crimes from both Crime Register and Suspicion Register were included); in the Prescribed Drug Register by the drugs disulfiram (Anatomical Therapeutic Chemical (ATC) Classification System N07BB01), acamprosate (N07BB03), and naltrexone (N07BB04). AUD was considered a binary variable in the models.

	Criminal behavior (CB)
	CB was identified by registration in the Swedish Crime register, which excludes convictions for minor crimes like traffic infractions. CB is measured using all available criminal conviction types. CB was considered a binary variable in the models.

	Psychiatric registration 
	Any mental disorder; ICD10 codes: FXX, ICD8, 9: 290-319.
(Except those codes used for definition of DA and AUD. Psychiatric registration was considered a binary variable in the models.

	Hospitalization 
	Registered in the Inpatient Hospital register for at least one code from the Charlson comorbidity index. See https://www.mdcalc.com/charlson-comorbidity-index-cci.

	Low education
	Number of years of education at the end of 2014. Standardized to a z score with mean 0 and standard deviation 1. In the models the Z-score was reversed so that higher values represent fewer number of year of education.

	Unemployment
	Unemployed is categorized into a binary variable based on whether or not the individual has received any unemployment benefits during a year. In order to be entitled to unemployment benefits the following requirements needs to be fulfilled. The individual is: unemployed (fully or partially); able to work at least 3 hours a day and 17 hours a week; registered as a jobseeker at the Employment Service; prepared to take the offer of suitable work or employment; actively seeking for a suitable job. Individuals registered as unemployed at either age 45 or 55 were considered unemployed. 

	Early retirement
	Early retirement is categorized into a binary variable based on whether or not the individual received any ER during a year. Early retirement is a combination of several different variables from the Swedish registers. Until year 2002 Early Retirement Pension was paid to people aged 16–64 and granted when your working capability was deemed to be permanently reduced by at least one quarter due to medical reasons. The Early retirement variable is also composed of temporary disability pension which was paid to people whose working capability was not expected to be permanent but expected to persist for a considerable time. From 2003 the rules for Early Retirement Pension and Temporary disability pension changed and these compensations were changed into Sickness compensation (for individuals 30-64) and activity compensation (for individuals 19–29). The rules were similar but Activity compensation was supposed to be limited in time. Individuals registered at either age 45 or 55 were considered as early retired.

	Social welfare
	Social assistance is categorized into a binary variable based on whether or not the individual has received any Social assistance during a year. Social assistance is defined as financial support under the Social Services Act. You can receive support for your upkeep and for other items that you need to have a reasonable standard of living. Examples of common situations when social assistance is given: As an income supplement to low-income families; for unemployed when other unemployment assistance is not provided or is insufficient; when sickness benefits are insufficient or not provided; to those who are bound by the children in the home and cannot get childcare and therefore not can seek work. The variable is recorded at the family level, which means that all individuals in a family with social assistance will, in this report, be counted as recipients of Social assistance. Families registered at either age 45 or 55 were considered on social welfare.

	Young age at first child
	Age at first child. The variable was considered binary in the models with age 20 as the cut-off. 

	Neighborhood deprivation
	All individuals reside in a SAMS area. There are approximately 9,200 SAMS throughout Sweden, with an average population of 1,000. These SAMS units were initially created by the Swedish authorities for administrative as well as marketing purposes. We created a neighborhood social deprivation (SD) index for each of the SAMS neighborhoods based on register data for all residents in the neighborhood aged 25–64, that is, the working-age population, which are assumed to have a stronger impact on the neighborhood than others. The SD composite contained the following derived at baseline: the proportion of residents with low education (9 years or less), the proportion of residents with low household income (below half the median income), the proportion of unemployed residents, and the proportion of individuals on financial assistance. In the model the composite was kept as a continuous variable, with the SD score ranging between -3 and 11 with higher values indicating greater levels of neighborhood deprivation. Measured at age 45. For individuals without a value at 45 we used their value at 55 instead.

	Peer deviance
	The rates of DA in peers were calculated at age 15 and were based on the proportion of future DA in the SAMS area of individuals in an 11 year interval around the age of the individual. 

	Drug dealers
	Drug dealers represent the number of drug dealers within the same SAMS, measured as the number of individuals convicted  or Suspected for Drug Dealing within +-5 years from age 15 of the individual. Drug dealing was defined by codes from: the Suspicion Register by codes 5004, 5005 and in the Crime Register by references to laws covering narcotics law 1968:64, paragraph 1, point 1-5 and law 1968:64, paragraph 3.

	# of moves
	The number of times the proband changed SAMS area during ages 0–15.

	Broken family
	Not residing with both the biological mother and father during all years age 0–15.

	Step-parent
	Step-father was defined as an individual living in the same household as the proband for at least 5 years during ages 0–15 of the proband, and not being an uncle, grandfather, cousin, brother, half-brother and 18 to 50 years older than the proband. Due to how the registers are constructed this means that during the period 1986 and onwards, for an proband living with his/her mother, we only capture the step-father if he is either married with the mother to the offspring and/or having a common child together with the mother of the offspring.


	
	Multivariate
	t statistic

	Second-generation (parents) characteristics
	
	

	DA
	1.42 (1.30; 1.55)
	7.4

	AUD
	-
	

	CB
	1.58 (1.47; 1.71)
	11.4

	
	
	

	Psychiatric registration (all registers) >=1
	1.21 (1.13; 1.30)
	5.5

	Hospitalization (any) ≥1
	-
	

	Low education — z score
	1.07 (1.02; 1.12)
	2.5

	Unemployment at age 45 or 55 (yes/no)
	1.11 (1.04; 1.20)
	2.0

	Early Retirement at age 45 or 55 (yes/no)
	-
	

	Social Welfare at age 45 or 55 (yes/no)
	1.21 (1.12; 1.32)
	5.8

	Young age at first child (prior to age 20)
	-
	

	
	
	

	Other parent characteristics
	
	

	DA
	1.24 (1.11; 1.38)
	3.6

	AUD
	1.12 (1.03; 1.23)
	3.3

	CB
	1.57 (1.45; 1.69)
	10.9

	
	
	

	Psychiatric registration (all registers)
	1.11 (1.04; 1.20)
	3.0

	Hospitalization (any)
	0.88 (0.81; 0.95)
	1.3

	Low education — z score
	1.13 (1.08; 1.18)
	5.1

	Unemployment at age 45 or 55 (yes/no)
	1.16 (1.08; 1.25)
	2.9

	Early Retirement at age 45 or 55 (yes/no)
	-
	

	Young age at first child (prior to age 20)
	-
	

	Home situation grandchild is raised
	
	

	Neighborhood Deprivation z score (age 45 or 55)
	0.98 (0.96; 1.00)
	2.0

	Peer deviance at age15 of child (% units)
	1.05 (1.04; 1.06)
	7.8

	Drug dealers at age 15 (z score)
	1.04 (1.02; 1.05)
	5.7

	# of moves (between ages 0–15 of child)
	1.06 (1.04; 1.08)
	7.2

	Not intact family 
	1.77 (1.63; 1.92)
	12.2


Supplementary Table 2. A Multivariate Analysis of Predictors of Risk for Drug Abuse in the Proband-Grandchild
Supplementary Table 3. Comparing Original Results with All Discordant High-Risk Sibling and Sibling-in-Law Cases with Results Where We Only Examined Siblings Within 5 years Age of Each Other
	
	Index parent
	Married-in parent

	Second-generation parental characteristics
	Co-sibling HR 95% CIs — Entire sample
	Co-sibling HR 95% CIs — Only siblings ≤5-year age difference
	Co-sibling-in-law HR 95% CIs —Entire sample  
	Co-sibling-in-law HR 95% Cis — Only siblings ≤5 years age difference

	Drug abuse
	1.82 [1.55; 2.15]
	1.90 [1.56; 2.31]
	1.73 [1.48; 2.03]
	1.76 [1.48; 2.11]

	Alcohol use disorder
	1.45 [1.26; 1.67]
	1.52 [1.28; 1.80]
	1.70 [1.50; 1.93]
	1.71 [1.48; 1.96]

	Criminal behavior
	1.54 [1.34; 1.76]
	1.52 [1.29; 1.78]
	1.78 [1.58; 2.00]
	1.65 [1.45; 1.88]

	
	
	
	
	

	Psychiatric registration (all registers) ≥1
	1.58 [1.40; 1.79]
	1.66 [1.44, 1.91]
	1.45 [1.31; 1.61]
	1.46 [1.30; 1.64]

	Hospitalization (any) ≥1
	1.23 [1.07; 1.41]
	1.26 [1.08; 1.48]
	1.23 [1.09; 1.38]
	1.24 [1.08; 1.42]

	e
	1.17 [1.08; 1.27]
	1.21 [1.10; 1.34]
	1.22 [1.13; 1.31]
	1.24 [1.14; 1.34]

	Unemployment at age 45 or 55 (yes/no)
	1.10 [0.97; 1.26]
	1.14 [0.98; 1.33]
	1.25 [1.12; 1.40]
	1.28 [1.13; 1.45]

	Early retirement at age 45 or 55 (yes/no)
	1.33 [1.16; 1.52]
	1.38 [1.17; 1.62]
	1.24 [1.09; 1.42]
	1.15 [0.99; 1.34]

	Social welfare at age 45 or 55 *(yes/no)
	1.83 [1.59; 2.11]
	1.78 [1.51; 2.09]
	
	

	Young age at first child (Prior to age 20)
	1.14 [0.98; 1.33]
	1.02 [0.85; 1.22]
	1.10 [0.95; 1.28]
	1.08 [0.92; 1.27]

	
	
	
	
	

	Home situation in which grandchild is raised
	
	
	
	

	Neighborhood deprivation z score (age 45 or 55)
	1.08 [1.04; 1.11]
	1.11 [1.07; 1.16]
	
	

	Peer deviance at age15 of child (% units)
	1.05 [1.03; 1.06]
	1.05 [1.04; 1.07]
	
	

	Drug dealers at age 15 (z score)
	1.06 [1.04; 1.09]
	1.05 [1.03; 1.08]
	
	

	# of moves (between ages 0–15 of child)
	1.12 [1.09; 1.14]
	1.11 [1.08; 1.14]
	
	

	Broken family 
	1.78 [1.59; 1.99]
	1.69 [1.48; 1.92]
	
	

	
	
	
	
	

	Control variables
	
	
	
	

	Year of birth grandchild
	1.08 [1.07; 1.09]
	1.08 [1.07; 1.09]
	
	

	Gender grandchild (males)
	2.23 [2.06; 2.42]
	2.22 [2.04; 2.42]
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Supplementary Fig. 1. ROC analysis of multivariate analysis of predictors of risk for drug abuse in the proband-grandchild presented in Supplementary Table 1.
