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Abstract

With complete genealogical and cohabitation information, new genetic-epidemiological designs 

can be developed to clarify causes of parent-offspring transmission. We propose the Multiple 
Parenting Relationships (MPR) Design and apply it to drug abuse (DA) and alcohol use disorder 

(AUD). Using national Swedish registries, we identified four kinds of informative parents with 

multiple children with whom they had different genetic and/or rearing relationships. These types 

had children for whom they provided: (a) genes (G) plus rearing (R), G only and R only; (b) G + R 

and G only; (c) G only and R only; and (d) G + R and R only. We identified DA and AUD cases 

from national registries in over 475,000 informative parent-offspring pairs. Controlling for 

parental resemblance for DA or AUD, all estimates were statistically homogeneous across family 

types. The weighted average tetrachoric correlation (SE) for DA for G + R, R only and G only 

relationships were, respectively, +0.21 (0.01), +0.10 (0.02), and +0.16 (0.02). Parallel results for 

AUD were +0.16 (0.01), +0.04 (0.02), and +0.14 (0.01). Analyses within families with affected 

parents showed significantly higher disorder risks in offspring with a G + R versus an R only 

relationship. The MPR design is complementary to other methods, especially adoption and 

triparental designs, in clarifying the sources of cross-generational transmission. Consistent with 
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results from these other designs applied to the Swedish population, we find that for DA and AUD, 

parent-offspring resemblance was strongest for G + R relationships, intermediate for G only 

relationships and weakest but significant for R only relationships.
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1 | INTRODUCTION

Over the last several decades, psychiatric genetic epidemiology has, through the rapid 

growth in the number and size of twin registries, focused largely on clarifying the 

contributions of genetic and environmental factors to familial aggregation within generations 

(Polderman et al., 2015). Understanding the sources of cross-generational transmission has 

been more challenging with most efforts utilizing the potentially elegant adoption design. 

Adoptions have become increasingly rare in Western countries. Furthermore, adoption 

studies typically have several potential methodological limitations including nonrandom 

placement of adoptees, frequent missing information on biological fathers, and adoptive 

parents typically screened for mental health (Cadoret, 1986).

Other methods for studying cross-generational transmission—including the examination of 

offspring of twins or siblings (Jundong et al., 2012; McAdams et al., 2014; Silberg, Maes, & 

Eaves, 2012) and children of mothers with egg donations (Thapar et al., 2009)—have been 

increasingly widely implemented in recent years.

With the increasing availability to researchers of complete population registries in 

Scandinavian countries, further approaches to disentangling the sources of parent-offspring 

resemblance have become available. While no design is without its biases, ideally the biases 

involved are different from those of other methods such as the adoption design.

We recently proposed one such design: the triparental family (Kendler, Ohlsson, Sundquist, 

& Sundquist, 2015). These families are identified by selecting offspring with three kinds of 

parents: (a) a biological parent who reared them; (b) a biological parent with whom they had 

minimal post-natal contact (a “not-lived-with” parent); and (c) a step-parent. Such a design 

is appealing because, to a first approximation, these three parents provide their offspring, 

respectively, “genes + rearing,” “genes only,” and “rearing only.” We will use the 

abbreviations “G + R”, “G only,” and “R only” for such parent-offspring relationships.

In this article, we propose and implement a distinct but complementary approach which we 

call the Multiple Parenting Relationships (MPRs) design. Unlike the triparental family 

design which begins with children, the MPR design begins with parents. From the general 

population sample, we identify parents with multiple children with whom they have different 

genetic and/or rearing relationships. That is, the parents are either genetically related or 

unrelated to their child and step-child, respectively, and either rear the child (defined as 

residing in the same household for ≥5 or ≥10 of the child’s first 15 years) or never live with 

Kendler et al. Page 2

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



or near the child. Four possible kinds of such parents exist in the MPR. The four types have 

children for whom they provided: (a) G + R, G only, and R only; (b) G + R and G only; (c) 

G only and R only; and (d) G + R and R only.

We illustrate the latter three parental types in plainer language. The “G + R and G only” 

parent has at least two biological children one of whom he raised and the other he did not. 

The “G only and R only” parent would have at least one biological child he did not raise and 

one step-child whom he did raise. The “G + R and R only” parent has at least one biological 

child and one step-child both of whom he reared.

Utilizing the MPR design in a nationwide Swedish sample, we then examine the nature of 

the cross-generational transmission of drug abuse (DA) and alcohol use disorder (AUD) 

ascertained from official nation-wide registries. These disorders are of particular interest 

because of prior evidence of complex familial transmission involving both genetic and 

familial-environmental processes (Cadoret, Troughton, O’Gorman, & Heywood, 1986; 

Cloninger, Bohman, & Sigvardsson, 1981; Tsuang et al., 1996; Verhulst, Neale, & Kendler, 

2015). We studied these disorders using the triparental family (Kendler, Ohlsson, et al., 

2015) and found that for both syndromes, parent-offspring resemblance was strongest from 

the biological rearing parent who provided G + R, intermediate for not-lived-with father who 

provided only G, and weakest but still significant for step-fathers who provided only R.

As with triparental families, the MPR design permits correlational analyses examining the 

association between parents and specific kinds of offspring. In addition to being parent 

rather than child-ascertained, the MPR design differs from the triparental design in two other 

ways. First, the triparental design includes only one family type while the MPR design 

includes four different types. The MPR therefore permits a test of equivalence of 

relationships across family types by examining the heterogeneity of estimates of G + R, R 

only, and G only in different family constellations. Second, unlike the triparental families, 

the MPR design supports contrastive analyses where we can examine, within a single- 

family type, differences in risk across different types of offspring. For example, for a “G + R 

and R only” parent who has DA, we can compare the risk for DA in their biological child 

and step-child both of whom he raised. These results produce, by that contrast, an index of 

the importance of genetic effects on parent-offspring resemblance.

2 | METHODS

We used linked data from multiple Swedish nationwide registries and healthcare data with 

linking achieved via the unique individual Swedish 10-digit personal ID number assigned at 

birth or immigration to all Swedish residents. This ID number was replaced by a serial 

number to preserve confidentiality. We secured ethical approval for this study from the 

Regional Ethical Review Board of Lund University (No. 2008/409).

DA was identified in the Swedish medical 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 
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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 offenses 

(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 treated as 

dichotomous variable (any registration vs. no registration) with an assumed underlying 

normal liability distribution.

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 treated as 

dichotomous variable (any registration vs. no registration) with an assumed underlying 

normal liability distribution.

2.1 | Sample

The database was created by entering all individuals born in Sweden between 1960 and 1990 

who resided in Sweden at age 15. Based on information from the Swedish population 

registers, we calculated the number of years, from ages 0 to 15, that the individual resided in 

the same household and the same geographical area as their mother, father, possible step-

mother, and possible step-father.

Household was defined as follows: From 1960 to 1985 (every fifth year) we used Household 

ID from the Population and Housing Census. The Household ID includes all individuals 

living in the same dwelling. For the years we did not have information, we approximated the 

Household ID with the information from the year closest in time. From 1986 and onward 

(every year) we used the Family ID from the Total Population Register. The Family ID is 

defined by individuals that are related or married and who are registered at the same 

property (a person can only be part of one family). In addition, adults who are registered at 

the same property and have common children, but are not married, are registered in the same 

family. This means that, during the period 1986 and onward, for an offspring 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.

Geographical area was defined based on Small Areas for Market Statistics (SAMS) that are 

small geographical units defined by Statistics Sweden, the Swedish government-owned 

statistics bureau. There are approximately 9,200 SAMS throughout Sweden, their average 

population being around 1,000. From 1960 to 1970 we had no information on SAMS areas, 

therefore we used parishes as a proxy for SAMS for these years. The parishes serve as 

districts for the Swedish census and elections and have approximately the same number of 
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inhabitants as SAMS areas. From 1960 to 1970 we only had information every fifth year and 

for that reason we approximated the geographical status with the information from the year 

closest in time.

From this database we selected four types of parents: (a) G + R, G only, and R only: a parent 

with at least one biological child whom he raised (G + R), at least one biological child 

whom he did not raise (G) and at least one step-child whom he raised (R); (b) G + R and G 

only: a parent with at least one biological child whom he raised (G + R), and at least one 

biological child whom he did not raise (G); (c) G only and R only: a parent with at least one 

biological child whom he did not raise (G) and at least one step-child whom he raised (R); 

and (d) G + R and R only: a parent with at least one biological child whom he raised (G + 

R), and at least one step-child whom he also raised (R). We also required that parent was 

alive and residing in Sweden in the year 1975.

We used two definitions of parental rearing in our analyses. The first defined parental 

rearing as residing in the same household for at least 5 years during the ages 0–15 of the 

child, while in the second we defined it as at least 10 years. In both analyses, the G-only 

relationship (i.e., biological child whom the parent did not raise) was defined as never living 

either in the same household or in the same geographical area when the child was 0–15 

years of age.

In the first analysis utilizing the MPR design, we examined the tetrachoric correlation 

between parental DA (AUD) and DA (AUD) in specific kinds of offspring while adjusting 

for year of birth and sex of the offspring. In the second model, we also included DA (AUD) 

in the other biological parent(s). In situations where there were two other biological parents 

(for “R only” children [step-children]) the DA (AUD) in the other biological parent was 

defined as DA (AUD) in any of the two biological parents. In these models, we could study 

all three correlations in the “G + R, G only, and R only” sample (i.e., the parent-offspring 

correlation when a biological parent raised the child, the parent-offspring correlation when a 

biological parent did not raise the child and the parent-offspring correlation when a step-

parent raised the child). In the other three samples, we could study two types of correlations. 

We used the Mantel–Haenszel meta-analysis method to combine the results from the 

different samples.

In the next step, we used stratified Cox proportional hazards models to investigate the future 

risk for DA (AUD) in offspring as a function of the type of relation between parent and 

offspring (i.e., G + R, G only, or R only). In this model, only parents with DA (AUD) were 

included. For example, within the “G + R, G only” sample, we obtained one Hazard ratio 

(HR) that illustrated the increased risk for DA (AUD) among biological children whom the 

parent (that was registered for DA) raised versus biological children whom they did not 

raise. Follow-up time in number of years was measured from age 15 of the child until year 

of first registration for DA, death, emigration or end of follow-up (year 2012), whichever 

came first. In all models, we investigated the proportionality assumption. When using 

stratified Cox models in a sample like ours, the HR will, within each stratum (i.e., within 

each parent), be adjusted for a range of unmeasured shared factors that is complicated to 

control for in studies using children from different parents. In the first model, we only 
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included year of birth and sex of the offspring while in the second model we also included 

DA (AUD) in the other parent. To combine the results from the different samples, we used 

the Mantel–Haenszel meta-analysis method. All statistical analyses were performed using 

SAS 9.4 (SAS Institute, 2012) and Mplus software (Muthén & Muthén, 2015).

3 | RESULTS

Key descriptive statistics for the informative families in the MPR design, utilizing our two 

definitions of rearing, are presented in Table 1. Across both rearing definitions, the most 

common parental type was G + R and R only, followed by G + R and G only, and G + R, R 

only, and G only. R only and G only parents were the rarest. All parental types were 

preponderantly male. With respect to rates of disorders in the parents, AUD was more 

common across all types than DA while the opposite was seen in the offspring. This pattern 

likely arises as a result both from increasing rates of DA in Sweden over this time period 

(Giordano et al., 2013) and an earlier age at registration for DA than AUD in the Swedish 

population. Compared to the general population, rates of both DA and AUD were elevated in 

the G + R, R only, and G only, G + R and G only and especially R only and G only parents. 

However, they were modestly reduced in the G + R and R only parents. Compared to general 

population figures, rates of both DA and AUD were increased in offspring of all family types 

and in the parents of all family types except G + R and R only families.

The results of our correlational analyses of parent-offspring resemblance for our three types 

of relationships (G + R, R only, and G only) across each parental type and then the weighted 

average across all parental types are presented in Table 2. (Parallel results using HRs are 

presented in Supporting Information Tables 1 and 2). We present correlations controlling for 

year of birth and sex of the offspring and then add, as a covariate, the presence or absence of 

the relevant disorder (DA or AUD) in other biological parents. Six results are noteworthy. 

First, the parent–child resemblance for the G + R or R relationships did not systematically 

differ when rearing was defined as a minimum of 10 years of cohabitation during the first 15 

years of the child’s life versus a minimum of 5 years. Second, no statistical evidence for 

heterogeneity was seen in estimates of parent-offspring resemblance across any of the 

parental types for DA or AUD. This is an important validating finding suggesting the 

strength of the broad sources of parent-offspring resemblance (i.e., genes and rearing effects) 

is not sensitive to family context. Third, focusing therefore on the weighted averages across 

both DA and AUD and both definitions of rearing, a consistent relationship is seen in the 

strength of parent-offspring resemblance across different relationship types. In all analyses, 

the G + R relationships were the strongest, the G only relationships intermediate and R only 

relationships the weakest. However, all these correlations were statistically significant, often 

substantially so. Fourth, across our three kinds of relationships, parent-offspring 

resemblance was consistently stronger for DA than for AUD. This difference was most 

marked for rearing only relationships. Fifth, as expected, parent-offspring resemblance for 

both disorders across all types of relationships was weaker when we controlled for the 

occurrence of the relevant disorder in the other biological parent(s). The proportional impact 

on the parent-offspring correlations was greatest for the rearing only relationship. Sixth, 

across all analyses, the sum of the parent-offspring correlations for the G-only and R-only 

relationships exceeded that seen for the G + R relationships.
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Table 3 presents the sample sizes available for the contrastive relationships in the MPR 

design which could only be done with parents who are affected with DA or AUD. Tables 4 

and 5 present the results of these analyses for DA and AUD, respectively. Sample sizes were 

often relatively small and analyses therefore of limited power. We focus here on the 

weighted averages for the analyses controlling for spouse diagnoses which were statistically 

homogeneous in 11 of the 12 analyses. Within families, parent-offspring resemblance for 

DA and AUD were both statistically stronger for G + R than for R only relationships with 

HRs approximating 1.30 for DA and 1.45 for AUD. Surprisingly, for DA, the other contrasts 

(G + R vs. G only and G only vs. R only) produced nonsignificant HRs with estimates close 

to unity. For AUD, the G only versus R only contrast, defining rearing at ≥5 years 

cohabitation, produced a significant HR of 1.26. The other G + R versus G only and G only 

versus R only contrasts were close to unity and nonsignificant.

4 | DISCUSSION

The initial goal for this report was to introduce the MPR design to assess the sources of 

parent-offspring transmission. This design has five important strengths. First, informative 

parent-offspring combinations are relatively common. Examining the birth years 1960–1990 

and using our broad and narrow definitions of rearing (5 and 10 years of cohabitation, 

respectively), utilizing the MPR design we identified, respectively, over 475,000 and 

290,000 informative parent-offspring pairs. This compares to 18,115 adoptees found in 

Sweden over the same period (Loeber & LeBlanc, 1990). Second, the legal and 

confidentiality issues that typically surround adoptions and which outside of Scandinavia 

have substantially limited adoption research do not apply to the families studied in this 

design. Third, the atypicality of adoptive parents is an important methodological limitation 

of adoption studies (Cadoret, 1986). In Sweden and most other Western countries, adoptive 

parents are selected for high levels of income and education, and low rates of 

psychopathology and substance abuse (Bohman, 1970). This reduction in the level and 

variation of environmental adversity in adoptive homes could produce an underestimation of 

impact of rearing effects. Contrary to adoptive parents in Sweden, which have levels of AUD 

and DA lower than the general population (Kendler et al., 2012; Loeber & LeBlanc, 1990), 

the step-fathers in MPR families have rates of substance misuse more representative of the 

general population. This could result in more generalizable estimates of the rearing effects 

than might be obtained from adoption designs. Fourth, like adoption studies, MPR families 

provide direct assessments of genes only and rearing only parent–child relationships. But, 

unlike adoption samples, and similar to the triparental family design, the MPR design also 

provides indirect assessments of genes-only and rearing-only effects. Assuming additivity, 

an estimate of genes-only and rearing-only effects can be obtained from the MPR design by 

examining the difference between G + R and, respectively, R only and G only parent-

offspring relationships. Finally, unlike both the adoptive and triparental designs, the MPR 

design permits contrastive relationships between children of the same parent who have a 

differing kind of relationship to that parent. Although poorly powered for traits that are rare 

in parents, this is an elegant design because it controls for all parental characteristics across 

the different parent-offspring relationships.
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However, the MPR design has two noteworthy limitations. First, fathers are much more 

likely than mothers to have multiple kinds of parenting relationships with their children. 

Therefore, the large preponderance of parents contributing to the MPR design is men. We 

did examine whether the magnitude of the G + R, R only, and G only relationships differed 

for DA and AUD in mother-offspring and father-offspring pairs. As seen in Supporting 

Information Table 3, they did not. Second, all but the G + R and R families could be 

considered “disrupted” and members have considerably higher rates of externalizing 

syndromes of DA and AUD than do members of the general population. However, these 

prevalence differences are modeled appropriately in the calculations of the tetrachoric 

correlations which take proper account of differences in threshold location.

The second goal of this report was to utilize the MPR design to further clarify the sources of 

cross-generational transmission for DA and AUD. Congruent with the results from the 

triparental family design, we found for both AUD and DA that the strongest parent-offspring 

resemblance was found with the G + R relationship, followed by the G only relationship, 

with the R only relationship the weakest. It is of interest to compare the results from the 

MPR design (assuming rearing requires at least 10 years of cohabitation) to those found 

previously from adoption and triparental designs in Sweden. We present these results in 

Table 6, using HRs or the very similar statistic odds ratios (ORs) as these statistical 

approaches were used in our prior publications (Kendler et al., 2012; Kendler, Ohlsson, et 

al., 2015; Loeber & LeBlanc, 1990). Looking first at genetic effects, for DA, the aggregate 

HR for the G-only relationship from the MPR design was 2.17 (1.92–2.46). This was similar 

to that found from biological parents in the adoption design and not-lived-with father from 

the triparental design, and no evidence for significant heterogeneity was detected. The 

weighted average across these three samples was 2.27 (2.09–2.47). For AUD, the estimate 

for G-only relationships from the MPR design was 1.80 (1.66–1.95). This was quite close to 

that obtained from the triparental design but higher than that seen from our adoption study. 

We found for this analysis significant between-design heterogeneity with a weight average 

estimate of 1.75 (1.66–1.85). Turning to environmental parent-offspring transmission, the 

aggregate HR for the R-only relationship from the MPR design for DA was 1.72 (1.43–2.07) 

which was relatively close to that estimated from the adoption and triparental designs. No 

evidence of between design heterogeneity was seen and the weighted average estimate was 

1.79 (1.55–2.07). Finally, the R-only relationship with AUD from the MPR design was 

estimated at 1.24 (1.11; 1.40) and was close to that obtained with the adoptive and 

triparental designs with a nonsignificant test of heterogeneity. The weighted across-design 

estimate was 1.27 (1.14–1.41).

Much attention has recently been paid to the “replication crisis” in the psychological 

sciences (Lilienfeld, 2017). An important distinction has been made between direct or exact 

replication (an attempt to repeat a study in a manner as close to the original as possible) and 

conceptual replications which try to test the same theoretical process as a prior study but 

importantly use at least partially different methods with recent authors suggesting that 

conceptual replications are ultimately of more value to the field (Crandall & Sherman, 2016; 

Schmidt, 2009). This is because obtaining the same general results from different methods is 

a more powerful confirmation of the original findings than getting the same results repeating 

the exact same study again. We suggest that our effort to examine the nature and causes of 
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cross-generational transmission in adoption, triparental and, now, MPR designs is an 

example of conceptual replications. Obtaining similar, albeit not identical, findings from 

these different methods substantially increases our confidence in the validity of our results.

Our presentation of parent-offspring correlations both ignoring and taking into account the 

diagnostic status of the other parent deserves comment. If the parental correlation in risk for 

AUD or DA was entirely the result of assortative mating, then it is probably correct to 

account for diagnoses in the spouse. Otherwise parent-offspring resemblance would be over-

estimated by including the “path” of liability from parent to spouse to child. But if the 

correlation between spouses results from direct causal effects—that is one spouse’s 

substance abuse increasing risk for abuse in the partner—then accounting for diagnoses in 

the spouse might downwardly bias parent-offspring resemblance. The truth is probably 

somewhere in the middle, as evidence suggests that spousal resemblance for DA and AUD 

in Sweden likely results from both assortative mating and direct causal effects (Kendler, 

Lönn, Salvatore, Sundquist, & Sundquist, 2018; Kendler, Ohlsson, Sundquist, & Sundquist, 

2013).

Our correlational analyses using the MPR design suggested for DA and perhaps for AUD 

that genetic and rearing effects were not acting additively in their impact on parent-offspring 

resemblance. Indeed, we saw some evidence of a negative gene–environment interaction in 

that the total effect of genes and environment in G + R parent-offspring pairs was 

consistently less than what would have been predicted from the G only and R only 

relationships. This was somewhat surprising and meant that, utilizing tetrachoric 

correlations, the direct and indirect estimates of genetic and rearing effects from the MPR 

design do not agree well. For example, examining our weighted correlations assuming our 

narrow definition of rearing, direct estimates of R and G for DA are, respectively, +0.10 and 

0.16. However, the indirect estimates (obtained by subtracting from the correlations for the 

G + R relationships the correlations, respectively, of the G only and R only relationships) are 

much lower, estimated at +0.05 and +0.11. We do not currently have a good explanation for 

this finding as our prior analyses in adoption samples, using a linear probability regression 

model, showed for DA evidence for a positive gene–environment interaction (Kendler et al., 

2012) and for AUD additive effects (Loeber & LeBlanc, 1990). Interaction analyses are 

sensitive to the scale of measurement (Kendler & Gardner, 2010) and it is possible that our 

different analytic models, which in the adoption design included other indices of genetic and 

environmental risk, are contributing to these discrepant results.

We did not find, using our two definitions of rearing, an association between the length of 

cohabitation between parents and children and the strength of the association in risk for DA 

and AUD. We have no clear explanation for this finding although it is consistent with 

unpublished observations from other parent-offspring designs in the Swedish population. 

Only further research in this and other samples can help us understand better the nature of 

this relationship.

Finally, a strength of the MPR design is that it can be analyzed in two ways—as overall 

correlations and as within family contrasts. However, while these two methods replicated 

well for the most divergent of our relationships (G + R vs. R only), their performance for the 
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other two contrasts (G + R vs. G only and G only vs. R only) were less consistent with the 

aggregate correlational analyses showing clear differences. In the eight relevant contrastive 

analyses (Tables 4 and 5), only one was significant and the other seven were very close to 

unity. We have no ready explanation for this trend. However, the contrastive relationships, 

although certainly controlling better for parental characteristics, were much less powerful 

statistically as only families with affected parents could be included.

5 | LIMITATIONS

These results should be interpreted in the context of six potentially important 

methodological limitations. First, our results are obtained in Sweden and may or may not 

extrapolate to other countries. Second, while ascertaining cases of DA and AUD from 

registries data has important advantages (e.g., independence from subject cooperation and 

accurate recall and reporting), it also has significant limitations. There are surely individuals 

who are false negatives for DA and AUD who abuse substances but avoid medical attention 

or get into legal difficulties. However, the validity of our detection of these syndromes is 

supported by evidence for strong associations of cases detected from our different registries. 

The mean OR for case detection of DA across our relevant registries was 52 (Kendler et al., 

2012) and for AUD was 33 (Kendler et al., 2015).

Third, we set 10 years as a minimum duration of cohabitation for step-parents and children 

because the sample sized declined precipitously with longer periods. Therefore, we were not 

able to match precisely for duration of rearing in the G + R and R-only parents. This could 

lead to an underestimation of the rearing effect obtained from R-only parents. However, the 

fact that we see little difference in parent–child resemblance in the R-only parents with a 

minimum of 5 and 10 years of contact suggest that such a bias is not likely to be large. 

Fourth, we have, in this article, assumed that the MPR and triparental samples were 

independent of each other. However, there must be some sample overlap as some of the 

children from triparental families would be expected to be included in our MPR design. 

Examining our smaller MPR sample (rearing defined as ≥10 years of cohabitation), 10% of 

the offspring were also in triparental families. So, the overlap of these two designs in the 

Swedish population is quite modest.

Fifth, our informative families were not fully representative of all Swedish families with 

most of our parents having rates of DA and AUD higher than the general population. This is 

an opposite problem from that seen with adoptive parents in adoption designs who have 

lower rates of such disorders due to the screening of adoption agencies (Kendler et al., 2012; 

Loeber & LeBlanc, 1990).

Finally, was it possible that offspring of families with a G-only parent–child relationship 

often cohabited with biological relatives of this parent, hence producing indirect rearing 

effects? Given G-only relationship between a parent and a child, 98.0% of the time the 

children never resided with biological relatives of this G-only (i.e., “not-lived-with”) parent. 

When they did live with such relatives, the contact was often brief and in 63% of cases 

occurred after the child was 11 years of age or older.
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6 | CONCLUSIONS

With detailed information about genetic relationships and cohabitation histories, it is 

possible in general populations to select a range of family relationships that are informative 

about the sources and magnitude of cross-generational transmission outside of formal 

adoption studies. We proposed a new genetic epidemiological design, termed the MPRs 

design. The study relies on the identification of parents who have multiple children with 

whom they have different combinations of genetic and rearing relationships. We showed that 

sample sizes for this design in Sweden were substantial and much larger than those found 

for adoptions. We applied this design to AUD and DA showing, consistent with prior studies 

utilizing adoption and triparental designs, that resemblance for both these disorders was 

strongest when parents were both genetically related to and reared their children, next 

strongest when they only had a genetic relationship with them and weakest when they only 

reared them. Given the nonexperimental nature of all genetic epidemiologic studies in 

humans, we advocate for conceptual replications in which investigators seek out distinct 

designs with which to test the validity of their findings.
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TABLE 6

A comparison of estimates of parent-offspring resemblance due to genetic and rearing effects from the 

multiple parenting relationships, adoption, and triparental parents designs

Design Genetic Rearing

Drug abuse HRs or ORs (95% CIs) HRs or ORs (95% CIs)

 Multiple parenting relationships 2.17 (1.92; 2.46) 1.72 (1.43; 2.07)

 Adoption 2.09 (1.66; 2.63) 1.55 (0.86; 2.80)

 Triparental 2.45 (2.14; 2.79) 1.99 (1.55; 2.56)

 Weighted average 2.27 (2.09; 2.47) 1.79 (1.55; 2.07)

 Test of heterogeneity (p value) 0.314 0.581

Alcohol use disorder

 Multiple parenting relationships 1.80 (1.66; 1.95) 1.24 (1.11; 1.40)

 Adoption 1.46 (1.29; 1.66) 1.40 (1.09; 1.80)

 Triparental 1.84 (1.69; 2.00) 1.27 (1.12; 2.43)

 Weighted average 1.75 (1.66; 1.85) 1.27 (1.14; 1.41)

 Test of heterogeneity (p value) 0.009 0.695
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