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Abstract

While adoption studies have provided key insights into the influence of the familial environment on IQ scores

of adolescents and children, few have followed adopted offspring long past the time spent living in the family

home. To improve confidence about the extent to which shared environment exerts enduring effects on IQ,

we estimated genetic and environmental effects on adulthood IQ in a unique sample of 486 biological and

adoptive families. These families, tested previously on measures of IQ when offspring averaged age 15, were

assessed a second time nearly two decades later (M offspring age = 32 years). We estimated the proportions

of the variance in IQ attributable to environmentally mediated effects of parental IQs, sibling-specific shared

environment, and gene-environment covariance to be .01 [95% CI .00, .02], .04 [95% CI .00, .15], and .03 [95%

CI .00, .07] respectively; these components jointly accounted for 8 percent of the IQ variance in adulthood.

The heritability was estimated to be .42 [95% CI .21, .64]. Together, these findings provide further evidence

for the predominance of genetic influences on adult intelligence over any other systematic source of variation.

1. Methods

We used observed correlations to estimate the following parameters: a = the effect of the genetic score on

the phenotype; q = the variance of the genetic score, i.e., the additive genetic variance; d2 = dominance

genetic variance; s2 = variance of environmental factors shared by siblings reared together, other than the

phenotypes of their parents; m = direct effect of maternal phenotype on offspring phenotype; p = direct

effect of paternal phenotype on offspring phenotype; w = covariance between latent additive genetic and

family environment factors; x = variance of the shared environment induced by parental phenotypes; µ =

correlation between spouses. Because only one parent from each family was assessed on intake measures of

IQ, we use a stand-in spousal correlation value derived from pairs of mothers and fathers from the Minnesota

Twin Family Study, who were measured on the same version of the same Wechsler scales as our SIBS sample.

To estimate variance components, we adapted the Cascade model (Keller et al., 2009) to include adoptive

relationships:

Preprint submitted to Intelligence August 3, 2021



• Mother-father = µ

• Biological mother-child = 1
2a(qa+ w) + 1

2a(qa+ w)µ+m+ pµ

• Biological father-child = 1
2a(qa+ w) + 1

2a(qa+ w)µ+ p+mµ

• Adoptive-adoptive siblings = x+s2

1−2aw

• Adoptive-biological siblings = x+s2+aw√
1−2aw

• Biological-biological siblings = a2(q − 1
2 ) + 1

4d
2 + 2aw + x+ s2

• Adoptive mother-child = m+pµ√
1−2aw

• Adoptive father-child = p+mµ√
1−2aw

Note that if the variance of the phenotype has been set to one in biological individuals, the variance may

be less than one in adopted individuals. We accounted for this by including the appropriate rescaling factor

in any theoretical correlation involving an adopted individual.

After applying Fisher’s z-transformation, we minimized the squared differences between the empirical

correlations and the theoretical (model-predicted) correlations by adjusting the parameter estimates. Each

term in the sum of squared differences was weighted by the reciprocal of its variance, N − 3, where N is

the number of pairs in the correlation. To perform statistical inference, we took bootstrap resamples of our

families and re-estimated the parameters each time.

We constrained the dominance genetic variance to equal zero. The point estimate of this parameter was

zero for most phenotypes, but in bootstrap resampling it occasionally assumed unrealistically large values.

Since there is compelling theory and evidence for most genetic variance being additive (Hill et al., 2008;

Maki-Tanila & Hill, 2014) and dominance variance being negligible (Hivert et al., 2021; Pazokitoroudi et al.,

2021), we decided to constrain this parameter to zero in order to improve statistical inference about other

parameters. Note that a negligible value of the dominance genetic variance is perfectly consistent with

declines in IQ as a result of inbreeding (Schull & Neel, 1965; Jensen, 1983; Joshi et al., 2015).

Decomposition of variance terms shown in main text Figure 1 and presented in main text Table 2 were

therefore computed as follows:

• Heritability (A) = h2 = qa2

• Parental environment (F) = m2 + p2 + 2mpµ

• Sibling environment (S) = s2

• G–E covariance = 2 × aw
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• Non-shared environment = Normed as 1.0 – (A + S + F + G-E covariance)

Derived parameters (nonlinear constraints) shown in main text Figure 1 are computed thus:

• Variance of family environment (x) = m2σ2 + p2σ2 + 2mσ2µ2σ2 = m2 + p2 + 2mpµ

• Variance of additive genetic effects (q) = 1 + µ(qa+ w)2

• Gene-environment covariance (w) = 1
2 (qa+ w)m+ 1

2 (qa+ w)p+ 1
2 (qa+ w)µm+ 1

2 (qa+ w)µp

2. Comparison of participating and non-participating offspring at follow-up 3

We conducted a comparison of participants with non-participants in the current wave based on measures

taken at intake to evaluate the possibility of attrition effects. A comparison of participants with non-

participants in the current wave based on measures taken at intake indicated no selection on family SES

(standardized effects size d < .10 in absolute value) or parental characteristics, with minimal selection

on offspring IQs. The largest difference was for intake IQ, which was about 2.5 points higher in current

participants than in non-participants. Comparison of participants and non-participants is shown in Table S1.

3. Scale means

For each demographic criterion and IQ phenotype, means and standard deviations are computed separately

for mothers, fathers and offspring and for both adoptive and biological families (Table S2).

4. ICAR-16 sample test

We use the ICAR-16 sample test as a measure of general cognitive ability in our sample. Detailed loadings

and item analysis can be found in Condon & Revelle (2014),

Reliability indices. Detailed item analysis for the ICAR-16 sample test is presented in Condon & Revelle

(2014; (Condon & Revelle, 2014)). The sample test consists of 16 items taken from the full 60-item ICAR

test, each of which comprises one of four item types or subtests. These four subtests are summarized as

letter and number sequences (LN), matrix reasoning (MR), 3D rotation (R3D) and verbal reasoning (VR).

These comparisons are shown in Table S3.
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Confirmatory factor analysis. We used confirmatory factor analysis to test both a single (g) and four-factor

model of the ICAR-16. A four-factor model is composed of letter and number sequences, matrix reasoning,

3D rotation and verbal reasoning. This model was fit using the lavaan package in R with full-information

maximum likelihood (FIML). Model fit was strong, with a Tucker-Lewis Index (TLI) of .978, Comparative

Fit Index (CFI) of .982, Standardized Root Mean Square Residual (SRMR) of .024, and Root Mean Square

Error of Approximation (RMSEA) of .021 (90% CI: .015, .028). As expected, the indicators all showed

significant positive factor loadings, with standardized coefficients ranging from .20 to .73 (Table S4). The

single-factor model was also strong, with TLI of .984, CFI of .987, SRMR of .022, and RMSEA of .018 (95%

CI: .010, .025).

Additionally, we observed significant positive correlations among all four latent factors (Table S5), indi-

cating that participants who showed high ability in one dimension were more likely to show high ability in

the others as well. Taken together, these results are consistent with use of the ICAR-16 as a good short-form

measure of cognitive ability, with the advantage of its short administration time outweighing its limitations

in the context of this study.

5. Scale and demographic comparisons by ethnicity of adoptee

Majority of offspring in sample (N = 1232 total with valid intake IQ scores) report either white (N = 662)

or Asian (N = 460) ethnicity. Mean differences and significance for each demographic criterion (highest

degree completed, years of education, age, and family SES), IQ scores, and polygenic scores are reported

below for white and Asian offspring (Table S6).

While no significant mean differences were detected for any IQ criterion, Asian offspring had a substan-

tially higher mean PGS than did white offspring (Cohen’s d = .87). The reason for this difference is unknown;

possibilities include population stratification, allele frequency ascertainment bias, and true population differ-

ence. Allele frequency ascertainment bias can arise from systematic deviations from the expected theoretical

result due to sampling processes of the genotyping chip used to ascertain SNPs and their population-specific

allele frequencies; a lower frequency of the minor allele in East Asians can cause the appearance of a higher

PGS without underlying predictive significance. Whatever the reason, it is not strictly relevant to our PGS

analyses which are conducted separately for white biological and Asian adoptive offspring.

6. Scale and demographic comparisons by adoption status

Mean differences and significance for each demographic criterion (highest degree completed, years of educa-

tion, age, and family SES), IQ scores, and polygenic scores are reported below for adopted and biological

offspring (Table S7).
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7. Intercorrelations among scales and demographic statistics

Tables of correlations among political attitude phenotypes, ICAR-16, age at follow-up 3, years of education,

highest degree computed, and socioeconomic status (z-scores) were computed for all individuals in aggregate

(Table S8), as well as separately for mothers, fathers and adopted and biological offspring. Correlation

matrices for both parents (Table S9), and offspring (Table S10) are shown below.

8. Observed family correlations

As a supplement to Table 2 in the main text, we computed 95% confidence intervals for each familial

relationship and for each phenotype. These are shown in Table S11.

9. Full parameter estimates

The raw parameter estimates and associated 95% confidence interval for each phenotype are reported in

Table S12.

10. Polygenic scores

We use polygenic scores for years of education (PGSEA) derived from the third GWAS of years of educa-

tion (EA3; downloadable EA3 summary statistics). These PGS are constructed with the LDpred software

package, which uses the correlations between SNPs estimated in an external reference panel (MCTFR white

parents) to transform the GWAS summary statistics’ univariate regression coefficients to, essentially, partial

regression coefficients (Vilhjálmsson et al., 2015). Following the EA3 authors (Lee et al., 2018), we set the

LDpred shrinkage parameter equal to unity (prior: 1.0), which represents the highest possible value and the

one leading to the least shrinkage of the PGS weights. We do not use the optimization recommended by the

developers (using a grid of values to choose the one leading to the best prediction accuracy in the validation

sample) in order to avoid “double-dipping”. Data from the target MCTFR sample were removed from the

SSGAC GWAS before weights were derived due to the MCTFR sample being part of EA3.

Table S14 displays valid number of entries and predictive validity (R2 and associated p-values) for

PGSEA on each demographic criterion (Family SES, family income, educational attainment) and all IQ

scales and subscales. These predictions for adoptive, biological, Asian and white offspring are shown in

separate columns of Table S14.
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11. The meta-analysis of Devlin, Daniels, and Roeder (1997)

Some readers may wonder whether our estimates our consistent with those of Devlin et al. (1997), which

include a rather prominent role for shared environment (and, in particular, shared prenatal environment).

These authors meta-analyzed a dataset including correlations between twins, which are the chief drivers of

their distinctive inferences. Lacking twins in SIBS, we cannot directly confirm or rebut their conclusion with

respect to prenatal environment. Here we point to other works that tend to cast doubt on that conclusion.

After excluding correlations between adoptive siblings from their analysis because of their heterogeneity,

Devlin et al. (1997) found increasing heritability and decreasing impact of shared environment with age to be

less well supported than their favored model. There were five such studies of late adolescents and early adults

available to these authors; four of the correlations clustered near zero, and the other was .19 (Bouchard Jr.,

2009, 2013). Three of the five studies were longitudinal, and all showed the decline in resemblance expected

from a decreasing effect of the shared environment. We note that in our own data the correlations between

adoptive relatives in Total IQ or ICAR-16 all decreased from intake to follow-up, although not to the point

of statistical significance. Since the time of Devlin et al. (1997), many well-powered twin studies including

older adolescents have strongly supported age moderating genetic and environmental effects on IQ in exactly

the manner tending to rule out prenatal environment as a substantial variance component (Bergen et al.,

2007; Haworth et al., 2010; Briley & Tucker-Drob, 2013). Moreover, studies of whether sharing a chorion

prenatally tends to make monozygotic twins more similar have found that any such effect is likely to be small

(Marceau et al., 2016; van Beijsterveldt et al., 2016). If the resemblance between reared-together relatives

becomes increasingly due to shared genes rather than a shared environment, then there is no need to posit

prenatal environment as the explanation of the “surplus” resemblance between monozygotic twins. In any

event it may be just as reasonable to attribute a surplus resemblance, if any remains to be explained, as

due to higher-order epistasis with small coefficient in the correlations between non-twin relatives (Lynch &

Walsh, 1998).
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Table S1: Comparison of participants and non-participants in current wave relative to intake assessments

Participants Non-Participants

Intake measure N M SD N M SD Cohen’s d

Offspring age at intake 753 15.03 1.97 481 14.76 1.83 .14∗

Dad’s education 282 16.53 2.39 126 16.24 2.61 .12

Mom’s education 404 15.74 2.34 178 15.92 2.25 –.08

Dad’s IQ (totall) 56 118.57 14.76 36 115.78 14.62 .19

Mom’s IQ (total) 592 111.91 13.78 326 110.52 13.96 .10

Family SESa 743 0 1.01 472 0.01 0.98 –.01

Offspring IQ (total) 751 108.23 13.2 477 105.7 14.59 .18∗∗

Offspring PGSEA 659 0.356 1.04 330 0.228 1.13 .12

Note: PGSEA = Years of education polygenic score. * denotes p < .05, ** p < .01, and *** p < .001 of

mean difference from t-test.

a Family SES has been standardized with mean at 0.
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Table S2: Scale means, standard deviations and valid scores for mothers, fathers and offspring in both types of

family

Adoptive families

Offspring Mothers Fathers

N M SD N M SD N M SD

SES 691 0.18 0.92 524 0.18 0.92 48 0.18 0.92

Highest degree 685 4.6 1.44 685 4.72 1.34 685 5.01 1.46

Years of education 557 15.84 2.56 564 16.07 2.3 515 16.69 2.48

PGSEA 557 0.44 1.13 550 0.25 0.94 468 0.17 1.06

Total IQ 690 106.6 14.15 524 113.36 13.66 48 117.21 14.63

Verbal IQ 691 101.94 13.5 522 111.91 13.76 48 113.52 15.75

Performance IQ 691 110.9 16.51 520 112.58 14.94 48 117.67 14.86

Information 690 10.63 2.42 524 11.51 2.25 48 12.56 2.55

Block design 375 12.09 3.17 348 12.16 2.68 257 13.38 2.51

Picture completion 690 11.07 2.62 520 11.43 2.16 48 11.85 2.2

Vocabulary (intake) 691 10.38 2.49 520 12.11 2.29 48 11.58 2.42

Vocabulary (FU3) 413 10.79 2.18 NA NA NA NA NA NA

ICAR-16 365 8.87 3.92 345 8.71 3.2 254 8.87 3.69

Biological families

Offspring Mothers Fathers

N M SD N M SD N M SD

SES 539 –0.24 1.06 400 –0.24 1.06 44 –0.24 1.06

Highest degree 530 4.72 1.24 530 4.25 1.42 530 4.45 1.63

Years of education 432 16.07 2.15 439 15.39 2.27 388 16.04 2.38

PGSEA 431 0.15 0.99 441 0.13 1.02 317 0.18 0.93

Total IQ 538 108.07 13.3 398 108.88 13.71 44 117.77 14.92

Verbal IQ 538 103.75 13.61 400 105.84 14.25 44 115.98 16.2

Performance IQ 538 111.86 14.79 400 111.84 14.17 44 116.05 13.82

Information 538 11.06 2.46 398 10.63 2.39 44 12.66 2.4

Block design 315 12.38 2.98 236 11.84 2.37 155 12.73 2.76

Picture completion 538 11.04 2.34 398 11.53 2.22 44 11.93 1.78

Vocabulary (IN) 538 10.62 2.38 400 11.1 2.49 44 11.86 2.63

Vocabulary (FU3) 340 10.88 2.13 NA NA NA NA NA NA

ICAR-16 306 9.93 3.67 233 8.47 3.32 150 9.08 3.54

Note: PGSEA = Years of education polygenic score; IN = intake; FU3 = follow-up 3.



Table S3: Reliability comparisons of ICAR-16 items in current study and Condon & Revelle (2014)

α ωh ωt Items

C&R W et al. C&R W et al. C&R W et al. C&R W et al.

ICAR-16 .81 .80 .66 .64 .83 .82 16 16

LN items .77 .66 .66 .62 .80 .67 9 4

MR items .68 .50 .58 .49 .71 .54 11 4

R3D items .93 .73 .78 .72 .94 .77 24 4

VR items .76 .51 .64 .52 .77 .58 16 4

Note: C&R = Condon & Revelle (2014), W et al. = Willoughby et al. (current study), ωh = omega

hierarchical, ωt = omega total. Values are based on composites of Pearson correlations between items.

Total N sampled in Condon & Revelle (2014) was 96,958 individuals while a total of 1,172 had valid

ICAR-16 data in our sample.
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Table S4: Standardized factor loadings of each ICAR-16 item on subtest and general latent factors in the current

sample. All loadings are significant at p < .001.

Indicator βS βg

Letter & Number

LN.7 .52 .45

LN.33 .60 .52

LN.34 .64 .54

LN.58 .51 .45

Matrix Reasoning

MR.45 .41 .34

MR.46 .46 .37

MR.47 .49 .44

MR.55 .40 .35

3D Rotation

R3D.3 .65 .55

R3D.4 .73 .59

R3D.6 .55 .48

R3D.8 .57 .48

Verbal reasoning

VR.4 .54 .44

VR.16 .22 .20

VR.17 .56 .45

VR.19 .52 .43

Note: βS refers to the standardized loading of each item on the latent factor representing one of the four

subtests to which it belongs (R3D = Three-dimensional Rotation, LN = Letter And Number series,

VR = Verbal Reasoning, MR = Matrix Reasoning); βg refers to each item’s standardized loading on the

single general latent factor.
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Table S5: Latent factor correlations for the ICAR-16 in the current sample.

Factor 1 Factor 2 Correlation p-value

LN MR .69 < .001

LN R3D .55 < .001

LN VR .78 < .001

MR R3D .66 < .001

MR VR .67 < .001

R3D VR .54 < .001

Note: R3D = Three-dimensional Rotation, LN = Letter And Number series, VR = Verbal Reasoning, MR

= Matrix Reasoning.
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Table S6: Comparison of means between white and Asian offspring for each demographic and scale criterion.

t–statistic White M Asian M Cohen’s d [95% CI] p–value

Demographics

Highest degree –1.13 4.61 4.74 .09 [–.07, .25] .26

Years of education –0.58 15.91 16.03 .05 [–.11, .21] .56

Age –4.36 31.47 32.41 .36 [.20, .52] < .01

Family SES –7.68 –0.18 0.26 .46 [.34, .58] < .01

IQ measures

ICAR-16 1.54 9.63 9.16 –.13 [–.29, .03] .12

Total IQ –0.47 107.61 108 .03 [–.09, .15] .64

Verbal IQ 0.31 103.21 102.97 –.02 [–.14, .10] .76

Performance IQ –0.75 111.6 112.33 .05 [–.07, .17] .45

Vocabulary (IN) 0.21 10.58 10.55 –.01 [–.13, .11] .84

Vocabulary (FU3) –1.78 10.77 11.07 .14 [–.02, .29] .08

Picture completion –0.39 11.07 11.13 .02 [–.10, .14] .70

Information 0.95 10.92 10.78 –.06 [–.18, .06] .34

Block design –0.86 12.28 12.43 .05 [–.07, .17] .39

PGSEA –13.12 0.046 0.868 .87 [.73, 1.01] < .01

Note: PGSEA = Years of education polygenic score; IN = intake; FU3 = follow-up 3.
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Table S7: Comparison of means between adopted and biological offspring for each demographic and scale criterion.

t-statistic Adopted M Biological M Cohen’s d [95% CI] p-value

Demographics

Highest degree –1.21 4.6 4.72 .09 [–.06, .24] .23

Years of education –1.30 15.84 16.07 .10 [–.05, .25] .20

Age 4.29 32.24 31.37 –.33 [–.48 , –.17] < .01

Family SES 7.28 0.18 –0.24 –.43 [–.54 , –.31] < .01

IQ measures

ICAR-16 –3.61 8.87 9.93 .28 [.13, .43] < .01

Total IQ –1.86 106.6 108.07 .11 [–.01, .22] .06

Verbal IQ –2.32 101.94 103.75 .13 [.02, .25] .02

Performance IQ –1.07 110.9 111.86 .06 [–.05, .17] .29

Vocabulary (IN) –1.70 10.38 10.62 .10 [–.02, .21] .09

Vocabulary (FU3) –0.56 10.79 10.88 .04 [–.10, .18] .58

Picture completion 0.19 11.07 11.04 –.01 [–.12 , .10] .85

Information –3.02 10.63 11.06 .17 [.06, .29] < .01

Block design –1.68 12.09 12.38 .10 [–.02, .21] .09

PGSEA 4.21 0.437 0.154 –.27 [–.39, –.14] < .01

Note: PGSEA = Years of education polygenic score; IN = intake; FU3 = follow-up 3.
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Table S8: Correlation matrix for all valid individual scores of IQ and IQ subscales, years of education, highest

degree obtained, EduYears polygenic score, and ICAR-16 score. Only measures shared across parents and offspring

are included; i.e., all lQ scores and subscales are those taken at intake, while educational attainment, SES and

ICAR-16 measures were evaluated at follow-up 3.

Full sample

1 2 3 4 5 6 7 8 9 10 11

1. Highest degree

2. Years of education .81∗∗∗

3. SES .46∗∗∗ .41∗∗∗

4. PGSEA .28∗∗∗ .25∗∗∗ .21∗∗∗

5. ICAR-16 .27∗∗∗ .30∗∗∗ .19∗∗∗ .21∗∗∗

6. Verbal IQ .37∗∗∗ .38∗∗∗ .25∗∗∗ .27∗∗∗ .33∗∗∗

7. Performance IQ .12∗∗∗ .18∗∗∗ .12∗∗∗ .18∗∗∗ .39∗∗∗ .42∗∗∗

8. Total IQ .32∗∗∗ .35∗∗∗ .23∗∗∗ .27∗∗∗ .43∗∗∗ .86∗∗∗ .81∗∗∗

9. Information .36∗∗∗ .37∗∗∗ .23∗∗∗ .26∗∗∗ .36∗∗∗ .88∗∗∗ .39∗∗∗ .78∗∗∗

10. Vocabulary .32∗∗∗ .33∗∗∗ .23∗∗∗ .24∗∗∗ .29∗∗∗ .90∗∗∗ .38∗∗∗ .77∗∗∗ .64∗∗∗

11. Picture completion .07∗ .11∗∗∗ .10∗∗∗ .09∗∗∗ .20∗∗∗ .34∗∗∗ .76∗∗∗ .63∗∗∗ .31∗∗∗ .31∗∗∗

12. Block design .12∗∗∗ .16∗∗∗ .10∗∗∗ .18∗∗∗ .40∗∗∗ .33∗∗∗ .82∗∗∗ .66∗∗∗ .33∗∗∗ .30∗∗∗ .28∗∗∗

Note: PGSEA = Years of education polygenic score. * denotes p < .05, ** p < .01, and *** p < .001.
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Table S9: Correlation matrix for parents’ valid individual scores of IQ and IQ subscales, years of education, highest

degree obtained, EduYears polygenic score, and ICAR-16 score. Only measures shared across parents and offspring

are included; i.e., all lQ scores and subscales are those taken at intake, while educational attainment, SES and

ICAR-16 measures were evaluated at follow-up 3.

Mothers

1 2 3 4 5 6 7 8 9 10 11

1. Highest degree

2. Years of education .91∗∗∗

3. SES .55∗∗∗ .54∗∗∗

4. PGSEA .31∗∗∗ .28∗∗∗ .27∗∗∗

5. ICAR-16 .23∗∗∗ .28∗∗∗ .23∗∗∗ .17∗∗∗

6. Verbal IQ .52∗∗∗ .53∗∗∗ .38∗∗∗ .32∗∗∗ .31∗∗∗

7. Performance IQ .10∗ .17∗∗∗ .10∗∗ .19∗∗∗ .44∗∗∗ .41∗∗∗

8. Total IQ .41∗∗∗ .45∗∗∗ .30∗∗∗ .30∗∗∗ .43∗∗∗ .87∗∗∗ .80∗∗∗

9. Information .48∗∗∗ .50∗∗∗ .37∗∗∗ .30∗∗∗ .33∗∗∗ .90∗∗∗ .39∗∗∗ .80∗∗∗

10. Vocabulary .44∗∗∗ .45∗∗∗ .35∗∗∗ .28∗∗∗ .30∗∗∗ .91∗∗∗ .39∗∗∗ .81∗∗∗ .70∗∗∗

11. Picture completion .11∗ .13∗∗ .10∗∗ .15∗∗∗ .27∗∗∗ .36∗∗∗ .81∗∗∗ .66∗∗∗ .34∗∗∗ .34∗∗∗

12. Block design .05 .13∗∗ .08∗ .15∗∗∗ .44∗∗∗ .31∗∗∗ .80∗∗∗ .63∗∗∗ .31∗∗∗ .30∗∗∗ .34∗∗∗

Fathers

1 2 3 4 5 6 7 8 9 10 11

1. Highest degree

2. Years of education .83∗∗∗

3. SES .70∗∗∗ .62∗∗∗

4. PGSEA .29∗∗∗ .24∗∗∗ .22∗∗∗

5. ICAR-16 .31∗∗∗ .28∗∗∗ .33∗∗∗ .23∗∗∗

6. Verbal IQ .30* .25 .60∗∗∗ .18 .67∗∗∗

7. Performance IQ –.09 –.18 .37∗∗∗ .10 .49∗∗∗ .37∗∗∗

8. Total IQ .17 .08 .61∗∗∗ .15 .65∗∗∗ .88∗∗∗ .76∗∗∗

9. Information .25 .20 .56∗∗∗ .16 .58∗∗∗ .93∗∗∗ .39∗∗∗ .85∗∗∗

10. Vocabulary .39∗∗ .34∗ .63∗∗∗ .18 .65∗∗∗ .93∗∗∗ .43∗∗∗ .87∗∗∗ .79∗∗∗

11. Picture completion –.02 –.07 .40∗∗∗ .02 .50∗∗∗ .38∗∗∗ .77∗∗∗ .64∗∗∗ .40∗∗∗ .42∗∗∗

12. Block design –.15 –.28 .19 .14 .28 .25∗ .83∗∗∗ .60∗∗∗ .27∗ .29∗∗ .33∗∗

Note: PGSEA = Years of education polygenic score. * denotes p < .05, ** p < .01, and *** p < .001.



Table S10: Correlation matrix for adopted and biological offspring’s valid individual scores of IQ and IQ subscales,

years of education, highest degree obtained, EduYears polygenic score, and ICAR-16 score. All lQ scores and

subscales are those taken at intake, except for vocabulary which was taken at both intake and follow-up 3, while

educational attainment, SES and ICAR-16 measures were evaluated at follow-up 3.

Adopted offspring

1 2 3 4 5 6 7 8 9 10 11 12

1. Highest degree

2. Years of education .71∗∗∗

3. SES .23∗∗∗ .19∗∗∗

4. PGSEA .27∗∗∗ .30∗∗∗ .03

5. ICAR-16 .31∗∗∗ .36∗∗∗ .08 .23∗∗∗

6. Verbal IQ .35∗∗∗ .37∗∗∗ .06 .28∗∗∗ .41∗∗∗

7. Performance IQ .18∗∗∗ .22∗∗∗ .11∗∗ .21∗∗∗ .35∗∗∗ .45∗∗∗

8. Total IQ .32∗∗∗ .35∗∗∗ .10∗∗ .29∗∗∗ .46∗∗∗ .85∗∗∗ .85∗∗∗

9. Information .34∗∗∗ .34∗∗∗ .07 .24∗∗∗ .39∗∗∗ .88∗∗∗ .40∗∗∗ .75∗∗∗

10. Vocabulary (IN) .33∗∗∗ .34∗∗∗ .01 .26∗∗∗ .33∗∗∗ .87∗∗∗ .39∗∗∗ .73∗∗∗ .58∗∗∗

11. Picture completion .05 .12∗ .06 .11∗ .15∗∗ .31∗∗∗ .74∗∗∗ .62∗∗∗ .29∗∗∗ .25∗∗∗

12. Block design .22∗∗∗ .23∗∗∗ .10∗∗ .22∗∗∗ .40∗∗∗ .41∗∗∗ .84∗∗∗ .73∗∗∗ .36∗∗∗ .37∗∗∗ .27∗∗∗

13. Vocabulary (FU3) .42∗∗∗ .44∗∗∗ .10 .24∗∗∗ .43∗∗∗ .54∗∗∗ .23∗∗∗ .47∗∗∗ .48∗∗∗ .48∗∗∗ .15∗∗ .22∗∗∗

Biological offspring

1 2 3 4 5 6 7 8 9 10 11 12

1. Highest degree

2. Years of education .75∗∗∗

3. SES .31∗∗∗ .21∗∗∗

4. PGSEA .22∗∗∗ .16∗∗ .27∗∗∗

5. ICAR-16 .23∗∗∗ .30∗∗∗ .17∗∗ .23∗∗∗

6. Verbal IQ .24∗∗∗ .27∗∗∗ .25∗∗∗ .32∗∗∗ .36∗∗∗

7. Performance IQ .10 .17∗∗ .15∗∗∗ .14∗∗ .38∗∗∗ .39∗∗∗

8. Total IQ .22∗∗∗ .27∗∗∗ .24∗∗∗ .28∗∗∗ .45∗∗∗ .85∗∗∗ .81∗∗∗

9. Information .24∗∗∗ .27∗∗∗ .20∗∗∗ .29∗∗∗ .38∗∗∗ .89∗∗∗ .36∗∗∗ .77∗∗∗

10. Vocabulary (IN) .18∗∗ .20∗∗∗ .25∗∗∗ .27∗∗∗ .28∗∗∗ .87∗∗∗ .33∗∗∗ .74∗∗∗ .61∗∗∗

11. Picture completion .06 .13∗ .09 .02 .17∗∗ .30∗∗∗ .70∗∗∗ .58∗∗∗ .26∗∗∗ .29∗∗∗

12. Block design .08 .14∗ .15∗∗∗ .17∗∗∗ .38∗∗∗ .30∗∗∗ .83∗∗∗ .66∗∗∗ .29∗∗∗ .24∗∗∗ .20∗∗∗

13. Vocabulary (FU3) .28∗∗∗ .29∗∗∗ .23∗∗∗ .25∗∗∗ .37∗∗∗ .60∗∗∗ .25∗∗∗ .53∗∗∗ .50∗∗∗ .58∗∗∗ .19∗∗∗ .19∗∗∗

Note: PGSEA = Years of education polygenic score; IN = intake; FU3 = follow-up 3. * denotes p < .05,

** p < .01, and *** p < .001.



Table S11: Observed correlations and 95% confidence intervals for each phenotype reported in the main text.

Parent correlations Sibling correlations

Mom/ Dad/ Mom/ Dad/ Dad/ Bio/ Adopt/ Adopt/

bio bio adopt adopt Mom bio bio adopt

Performance IQ

Observed .28 .41 .12 –.08 .08 .26 .27 .08

95% CI [.18, .37] [.12, .63] [.04, .21] [–.35, .21] [.01, .15] [.13, .38] [.10, .43] [–.04, .19]

Verbal IQ

Observed .35 .41 .07 .19 .40 .43 .24 .07

95% CI [.26, .43] [.13, .63] [–.01, .16] [–.10, .45] [.34, .45] [.31, .53] [.07, .40] [–.04, .19]

Total IQ

Observed .36 .46 .09 .16 .30 .34 .30 .09

95% CI [.28, .45] [.19, .67] [.00, .17] [–.13, .43] [.23, .36] [.21, .46] [.13, .45] [–.03, .21]

Block design

Observed .32 .41 .14 –.10 .03 .28 .32 .00

95% CI [.23, .40] [.13, .63] [.06, .23] [–.37, .19] [–.04, .10] [.15, .40] [.15, .47] [–.12, .11]

Picture completion

Observed .09 .30 .04 .01 .13 .07 .19 .02

95% CI [–.01, .19] [.00, .55] [–.05, .12] [–.28, .29] [.06, .20] [–.06, .21] [.01, .35] [–.10, .14]

Vocabulary (IN)

Observed .39 .44 .07 .26 .37 .39 .24 .04

95% CI [.31, .47] [.16, .65] [–.01, .16] [–.03, .50] [.31, .43] [.26, .50] [.07, .40] [–.08, .15]

Information

Observed .23 .28 .04 .15 .34 .37 .15 .13

95% CI [.13, .32] [–.02, .53] [–.04, .13] [–.14, .42] [.27, .40] [.25, .48] [–.03, .32] [.01, .24]

ICAR-16

Observed .27 .31 –.03 .10 .19 .27 .05 .07

95% CI [.12, .41] [.11, .48] [–.17, .10] [–.06, .25] [.08, .29] [.06, .46] [–.28, .38] [–.13, .27]

Vocabulary (FU3)

Observed .33 .45 .18 .32 .37 .24 .16 .25

95% CI [.22, .43] [.09, .70] [.07, .28] [–.07, .62] [.31, .43] [.05, .41] [–.14, .43] [.08, .41]

Note: Observed and model-predicted correlations are reported in Table 2 in the main text. IN = intake;

FU3 = follow-up 3.
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Table S12: Full parameter estimates for each measure of IQ and the ICAR-16. 95% confidence intervals are

calculated over 200 bootstrap resamples. Dominance variance (dsq) is constrained to zero and is not reported

below.

a q s2 m p w x µ

[95% CI] [95% CI] [95% CI] [95% CI] [95% CI] [95% CI] [95% CI] [95% CI]

Total IQ 0.53 1.15 0.06 0.06 0.17 0.10 0.04 0.30

[0.42, 0.60] [1.10, 1.20] [0.00, 0.13] [0.00, 0.13] [0.00, 0.31] [0.04, 0.15] [0.10, 0.10] [0.30, 0.31]

Verbal IQ 0.54 1.23 0.07 0.00 0.18 0.09 0.03 0.40

[0.46, 0.61] [1.16, 1.28] [0.00, 0.15] [–0.07, 0.07] [0.03, 0.30] [0.04, 0.14] [0.00, 0.09] [0.39, 0.40]

Performance IQ 0.50 1.03 0.08 0.11 0.08 0.06 0.02 0.08

[0.37, 0.63] [1.02, 1.04] [0.01, 0.14] [0.05, 0.17] [–0.06, 0.23] [0.01, 0.11] [0.01, 0.07] [0.07, 0.08]

Information 0.50 1.12 0.12 –0.01 0.13 0.05 0.02 0.34

[0.40, 0.58] [1.08, 1.17] [0.05, 0.18] [–0.07, 0.06] [0.02, 0.24] [0.01, 0.08] [0.00, 0.05] [0.33, 0.34]

Block Design 0.56 1.01 0.03 0.13 0.09 0.08 0.03 0.03

[0.43, 0.69] [1.01, 1.02] [0.00, 0.10] [0.09, 0.18] [–0.05, 0.20] [0.03, 0.11] [0.01, 0.07] [0.02, 0.03]

Picture Completion 0.28 1.01 0.03 0.02 0.13 0.03 0.02 0.13

[0.00, 0.46] [0.99, 1.03] [0.00, 0.10] [–0.03, 0.07] [–0.05, 0.23] [–0.01, 0.05] [0.00, 0.05] [0.13, 0.13]

Vocabulary (IN) 0.55 1.23 0.02 0.01 0.20 0.11 0.04 0.37

[0.48, 0.62] [1.17, 1.29] [0.00, 0.09] [–0.05, 0.09] [0.03, 0.31] [0.05, 0.15] [0.01, 0.09] [0.37, 0.38]

Vocabulary (FU3) 0.33 1.08 0.06 0.09 0.27 0.12 0.10 0.37

[0.00, 0.46] [1.00, 1.16] [0.00, 0.15] [0.01, 0.19] [0.00, 0.42] [0.04, 0.22] [0.03, 0.20] [0.37, 0.38]

ICAR-16 0.62 1.09 0.04 –0.03 0.08 0.02 0.01 0.19

[0.42, 0.74] [1.03, 1.15] [0.00, 0.15] [–0.11, 0.06] [–0.01, 0.17] [–0.04, 0.06] [0.00, 0.03] [0.08, 0.29]

Note: a = the effect of the genetic score on the phenotype; q = the variance of the genetic score, i.e., the

additive genetic variance; s2 = variance of environmental factors shared by siblings reared together; m =

direct effect of maternal phenotype on offspring phenotype; p = direct effect of paternal phenotype on

offspring phenotype; w = covariance between additive genetic factors and family environment; x =

variance of the shared environment induced by parental phenotypes; µ = correlation between spouses; IN

= intake; FU3 = follow-up 3.
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Table S13: Predictive validity and N valid scores for PGSEA (Lee et al., 2018) on various IQ and demographic

variables in full combined sample of white parents and offspring.

Phenotype N R2 p-value 95% CI

Total IQ 983 .114 4.28 ×10−23 .077, .151

Verbal IQ 985 .154 3.76 ×10−33 .113, .195

Performance IQ 984 .031 1.07 ×10−8 .003, .034

Information 987 .102 3.23 ×10−31 .066, .138

Block Design 984 .031 2.55 ×10−8 .010, .052

Picture Completion 985 .016 6.87 ×10−3 ∼0, .031

Vocabulary 985 .124 2.33 ×10−16 .086, .162

ICAR-16 751 .061 2.70 ×10−11 .028, .094

Highest degree 770 .081 4.57 ×10−15 .044, .118

Years of education 768 .061 1.19 ×10−10 .028, .094

WRAT 1401 .082 9.65 ×10−28 .055, .109

Family SES 1400 .060 4.44 ×10−11 .036, .084

Note: Reported values of R2 were computed with generation (1 = parents, 2 = offspring) as indicator

variable. To account for non-independence of offspring from the same family, bootstrap resampling (100

iterations) over families was used for statistical inference. 95% CIs are estimated with the CI.Rsq function

of R’s “psychometric” package. WRAT = Wide Range Achievement Test.
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Table S14: Predictive validity and N valid scores for PGSEA (Lee et al., 2018) on various IQ and demographic

variables in adopted, biological, white and Asian offspring

Adoptive Biological Asian White

N R2 p-value N R2 p-value N R2 p-value N R2 p-value

Intake measures

Family SES 553 .001 .480 422 .075 < .001 365 .006 .125 524 .039 < .001

Family income 464 .001 .451 302 .034 .001 310 .002 .436 390 .011 .035

Total IQ 556 .082 < .001 430 .080 < .001 365 .043 < .001 536 .100 < .001

Verbal IQ 556 .079 < .001 430 .101 < .001 365 .049 < .001 536 .126 < .001

Performance IQ 557 .046 < .001 430 .019 .004 365 .020 .007 536 .028 < .001

Information 557 .057 < .001 431 .084 < .001 365 .038 < .001 537 .111 < .001

Block Design 557 .050 < .001 430 .031 < .001 365 .022 .004 536 .037 < .001

Picture Completion 557 .011 .013 430 ∼ 0 .715 365 .005 .169 536 .002 .297

Vocabulary 556 .067 < .001 430 .075 < .001 365 .042 < .001 536 .091 < .001

Follow-up 3 measures

Highest degree 329 .074 < .001 272 .049 < .001 217 .077 < .001 337 .071 < .001

Years of education 330 .092 < .001 273 .027 .007 218 .106 < .001 338 .049 < .001

Vocabulary 362 .059 < .001 296 .060 < .001 237 .013 .085 368 .099 < .001

ICAR-16 319 .053 < .001 265 .053 < .001 214 .040 .003 325 .060 < .001

Note: Analyses are conducted using full sample of offspring with valid scores. To account for

non-independence of offspring from the same family, bootstrap resampling (200 iterations) over families

was used for statistical inference.
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