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Our finding of higher heritability in women is similar to the 
Framingham Study,21 which found higher heritability for total 
WMH for women (0.78) compared with men (0.05). Other 
heritability studies have not examined sex differences. A pre-
vious study showed that after accounting for brain volume, 
women have more WMH than men2,3 and one study reported a 
more rapid rate of progression in women.22 This sex difference 
is not accounted for by known risk factors of small-vessel dis-
ease, and in fact men have higher rates of cerebrovascular risk 
factors.23 Thus, women may be more vulnerable to develop-
ing WMH, which may be independent of small-vessel disease 
risk factors; our study suggests that this vulnerability may be 
genetically based. Higher heritability in women relative to 
men has also been reported for ischemic stroke24 and body 
mass index.25 There are many possible explanations for this 
observation which need to be further explored. It is unknown 
whether there is a mother-to-daughter transmission for WMH. 
Mitochondrial transmission with greater penetrance in women 
is possible. Epigenetic mechanisms could also account for the 
sex differences.24

Reduction of WMH heritability with age in our study is also 
somewhat consistent with the Framingham Study,21 where 
heritability for total WMH declined with age in the entire 
sample and for women after 50 to 60 years of age. We also 
observed a similar sex difference in age-related decline of her-
itability but for deep WMH, with a more marked decline for 
women. Because WMH are multifactorial in origin and there 
are several identified nongenetic factors that are likely to be 
become more prominent in individual ages, it is not surprising 
that the genetic contribution is less in the old. In our study, 
the change was most obvious after 75 years of age, especially 
for deep WMH, which had higher genetic influence. It is 
well recognized that the genetic influences on complex traits 
are dynamic during the life course. Untreated hypertension 
decreased the heritability of cognition in late middle age as 
previously reported.26

In the San Antonio Family Study,10 the shared genetic 
variability between subcortical (DWMH) and ependymal 
(PWMH) volumes was 21%, indicating significant pleiotropy. 
We found greater shared genetic variance between DWMH 
and PWMH (68%), than the San Antonio Study, although the 
methodology used to define PWMH was somewhat different 
in the 2 studies. We also observed high shared genetic vari-
ance between WMHs located in the cerebral regions, which to 
our knowledge has not been considered previously.

The differences in genetic influences on DWMH and 
PWMH are worthy of comment. Most studies, like ours, 
show a high correlation between WMH in these 2 regions. 
However, risk factors, pathogenic mechanisms, and functional 
consequences of DWMH and PWMH are overlapping but not 
identical.13 The vascularization pattern of the periventricular 
region is different from that of the deep white matter, making 
the periventricular region a distal irrigation field.4 This region 
is also vulnerable to changes in pressure in the ventricles.27 
Neuropathological differences between DWMH and PWMH 
have been described.28 The observation that deep WMH are 
more heritable suggests that PWMH are influenced by more 
varied environmental factors and are therefore more multifac-
torial in their determination.

The genetic variants identified to date by linkage and associa-
tion studies have failed to explain the majority of WMH pheno-
typic variability. The candidate genes examined include those 
involved in hypertension and its pathways, cholesterol regulation 
and atherosclerosis, oxidative stress pathways, neuronal repair, 
homocysteine levels, and nitric oxide signaling.4,26 The candi-
date gene approach has supported the role of apolipoprotein E, 
the renin–angiotensin system, and the Notch3 signaling pathway 
in the development of WMH.21 Several genome-wide linkage 
studies10,29–32 have shown linkages to chromosomes 4, 1, 5, and 
11, respectively, but independent replication has not occurred. A 
large genome-wide association study from the Cohorts for Heart 
and Aging Research in Genomic Epidemiology (CHARGE) 

Figure 3. Voxel-wise heritability of white 
matter hyperintensities using the binary 
AE model. The bar on the right presents 
the color scale for heritability estimates for 
each voxel. A indicates genetic, C, shared 
environmental, and E, unique environmental 
components. A 3D movie of heritability has 
been provided (Movie I in the online-only 
Data Supplement).
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consortium identified 6 novel risk-associated genes, including 
a novel locus on chromosome 17, which together accounted for 
4% to 8% of the WMH burden.6 A more recent large multiethnic 
genome-wide association study confirmed the chromosome 17 
locus and identified 4 novel genes implicated in inflammatory 
and glial proliferative pathways.7 From these studies, it is evi-
dent that the associated genes still account for only a small pro-
portion of the genetic contribution suggested by the heritability 
studies. Whether the missing heritability for WMH is caused by 
other heritable factors, such as copy number variants or epigen-
etic factors, remains to be elucidated.

This study has some limitations. Because the sample 
largely comprised volunteers participating in a twins register, 
it is unclear how representative this population is. However, 
the sample generally had characteristics similar to those of 
the overall Australian population in this age group.14 This is 
a cross-sectional study and it is not possible to investigate the 
relative contribution of genetics and environment to the rate 
of WMH development. The age range of the sample (65−88 
years), while covering much of old age, is somewhat restric-
tive because it is known that WMH commonly become mani-
fested in the 40s and 50s,15 and it is in the earlier ages that 
genetic factors may be even more prominent. In addition, this 
study had a smaller sample of men than women and the heri-
tability estimates thus require verification in a larger sample. 
Monogenic disorders, such as cerebral autosomal dominant 
arteriopathy with subcortical infarcts and leukoencephalopa-
thy and Fabry disease, have the potential to bias heritability 
estimates but are unlikely to significantly influence our esti-
mates, given their low prevalence in the general population. 
There are also methodological constraints in identifying 
WMH. Although the use of fluid-attenuated inversion recov-
ery and T1-weighted images tends to identify most small 
infarcts and perivascular spaces, not all may be excluded from 
our WMH volume estimates. Furthermore, WMH do not cap-
ture all subinfarct pathology in the white matter, and normal-
appearing white matter on fluid-attenuated inversion recovery 
may show abnormality if other imaging techniques such as 
diffusion tensor imaging are used. Our study was performed 
on 1.5T scanners. Although 3.0T scanners are preferred for 
their higher signal to noise ratio and possibly better detec-
tion of small WMH (1–5 mm), the overall consensus is that 
1.5T scanners are acceptable,33 the overall differences are 
minor and not always consistent.34 Moreover, for heritability 
estimates, of greater import was the use of the same scanner 
for imaging both twins. Finally, the attempt to examine the 
heritability of WMH at a finer resolution through estimation 
heritability of binarized WMH at each voxel was limited by 
small sample size at the voxel level resolution.

Despite these limitations, this study presents an intriguing 
picture of the heritability of WMH and suggests that studies 
that focus on identifying specific genes associated with the 
risk for WMH may be best served by examining the sexes 
separately and paying attention to the age of the participants 
and the anatomic location of the lesions.
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MRI parameters and quantitation of WMH 

Both 3D T1-weighted scans and T2-weighted fluid-attenuated inversion recovery (FLAIR) 
sequence scans were used for data analysis. The following protocol was used for T1-weighted MRI 
scans on the 1.5T scanners in all three centres: in-plane resolution 1×1 mm with slice thickness of 
1.5 mm, contiguous slices, TR/TE/TI = 1530/3.24/780 ms, and flip angle = 8. FLAIR scans were 
acquired axially with the same acquisition parameters on the 1.5T scanners in all three centres, i.e. 
TR/TE/TI = 10000/120/2800 ms, with slice thickness 3.5 mm and in-plane resolution 0.898×0.898 
mm2. On the 3T scanner in centre 1, we had spatial resolution of 1×1×1 mm3, TR/TE = 6.39/2.9 ms 
for T1-weighted scans, and TR/TE/TI = 10000/110/2800 ms, with slice thickness 3.5 mm and in-
plane resolution 0.898×0.898 mm2 for FLAIR scans. Intracranial volume (ICV), the sum of grey 
matter, white matter and cerebrospinal fluid was calculated using SPM8 (Wellcome Department of 
Cognitive Neurology, Institute of Neurology, London, UK. 
http://www.fil.ion.ucl.ac.uk/spm/software/spm8/ ). 

The contrast properties of FLAIR facilitate the possibility of automated segmentation and 
classification of WMH. The method has been previously described1. A parametric method1 was 
adapted and applied to the initial WMH detection. The extracted candidate WMH clusters were 
further investigated using a non-parametric kNN rule and then classified into different brain regions 
and deep (DWMH), periventricular (PWMH), and false WMH clusters. 

The automated classification of WMHs employed in this study was carried out in the native space 
of the T1-weighted images. Five pre-processing steps were taken to prepare the images for the 
analysis, as described previously 1: (i) the FLAIR and  T1 images of the same subject were co-
registered using mutual information method 2;  (ii) segmentation 3 of T1-weighted images into three 
separate tissue components; (iii) removal of non-brain tissue from both T1-weighted and co-
registered FLAIR images using the brain mask transformed from the average mask originally 
defined in the standard space by inverting the deformation matrix 4; (iv) inverting the spatial 
normalization transformation to produce the brain masks and white matter probability maps in the 
native space for the WMH detection and non-brain tissue removal; (v) intensity correction 5 of both 
FLAIR and T1-weighted images after the removal of non-brain tissues. Some other smaller steps 
such as removal of the bright areas observed in the FLAIR sequence ventricles caused by choroid 
plexus and partial voluming were also carried out. SPM8 was used with Matlab R2013b 
(MathWorks, Natick, MA, U.S.A.) for these pre-processing steps.   
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Figure I. Path diagram for the age and sex moderated ACE twin model. WMH of twin 1 (WMH1) 
and 2 (WMH2) are modelled as the function of the mean parameter (M) and the latent additive (A), 
shared environment (C) and environment (E) factors. The mean is further modelled as a function of 
the k covariates 𝑀 = 𝜇 + 𝛽1𝑋1 + ⋯+ 𝛽𝑘𝑋𝑘, where µ is the overall mean of the phenotypes and X1, 
X2,…,Xk are the k covariates (such as age, sex, scanners and ICV) and β1, β2,…, βk are the regression 
parameters of the model. The path coefficients a, c and e are the estimated loadings of the latent 
factors, which are further decomposed as a=a0+a1age+a2sex; c=c0+c1age+c2sex; e=e0+e1age+e2sex 
to accommodate the moderating effects of age and sex. The parameter ra (ra=1 for MZ twin pairs 
and ra=0.5 for DZ twin pairs) and rc (rc=1 for both MZ and DZ twin pairs) respectively denote the 
additive genetic and shared environmental correlations between the twin pairs.  
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Figure II. The path diagram for the opposite sex DZ twin pairs in the general sex heterogeneity 
model. For opposite DZ twin pairs, the path coefficients for the male samples am, cm, em are same as 
the path coefficients for the male MZ and DZ pairs. Similarly the path coefficients for the female 
samples af, cf and ef are also the same as the path coefficients for female MZ and DZ pairs. The 
correlation between the additive genetic components in opposite sex pairs is half of the genetic 
correlation between male-female genetic correlation rg. 
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TABLE I. Sample characteristics by sex 

Covariate Female (N=213) Male (N=107) Stat p 

Age (years) 69.54 (4.75) 71.14 (5.08) -2.72 0.005 

Hypertension 136 (63.84%) 79 (73.83%) 2.78 0.017 

BP systolic (mmHg) 135.66 ( 17.11) 142.40 (17.55) -3.27 0.001 

BP diastolic (mm Hg) 79.97 (9.77) 81.61 (10.26) -1.37 0.174 

BMI 27.33 (4.5) 27.69 (3.6) -0.79 0.436 
Homocysteine 
(µmol/L) 12.84 (3.52)  13.41 (3.16) -1.48 0.141 

Heart attack  8 (3.76%) 7 (6.54%) 0.69 0.131 

Artrial fibrillation  7 (3.29%) 5 (4.67%) 0.09 0.416 

Stroke 6 (2.81%) 5 (4.67%) 0.29 0.247 
For continuous measures, means (SD) are presented. For categorical measures, N (%) is 
presented. T-tests for continuous variables and chi-square tests for all other measures were used 
to compare between the two sexes.  All the p-values were obtained using 10000 permutations.  
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TABLE II. Phenotypic correlations across white matter hyperintensity (WMH) ROIs 

 Total Periventricular Deep Frontal Temporal Parietal Occipital Cerebellum Brainstem 
Total 1.00 0.96 0.94 0.83 0.72 0.92 0.69 0.40 0.39 
Periventricular 0.96 1.00 0.85 0.76 0.64 0.85 0.58 0.30 0.25 
Deep 0.94 0.85 1.00 0.85 0.76 0.95 0.76 0.43 0.42 
Frontal 0.83 0.76 0.85 1.00 0.65 0.77 0.51 0.34 0.33 
Temporal 0.72 0.64 0.76 0.65 1.00 0.68 0.57 0.41 0.43 
Parietal 0.92 0.85 0.95 0.77 0.68 1.00 0.67 0.39 0.32 
Occipital 0.69 0.58 0.76 0.51 0.57 0.67 1.00 0.48 0.53 
Cerebellum 0.40 0.30 0.43 0.34 0.41 0.39 0.48 1.00 0.58 
Brainstem 0.39 0.25 0.42 0.33 0.43 0.32 0.53 0.58 1.00 
Pearson correlation coefficients are presented ignoring the relationship between the zygotic twin pairs. 
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TABLE III. Heritability of white matter hyperintensities (WMH) volumes in whole brain (total) and different brain 
regions: estimates and model summary 

WMH ROI ICC MZ 
(95 % CI) 

ICC DZ 
(95 % CI) 

A 
(95% CI) 

C 
(95% CI) 

E 
(95% CI) P-AE P-CE P-E Covariates 

Total 0.78 
(0.68,0.84) 

0.39 
(0.34,0.56) 

0.77 
(0.42,0.84) 

0.01 
(0.00,0.33) 

0.22 
(0.16,0.32) 0.97 <1E-04 <1E-16 111000000000 

Periventricular  0.76 
(0.66,0.83) 

0.44 
(0.34,0.60) 

0.63 
(0.29,0.83) 

0.13 
(0.00,0.43) 

0.24 
(0.17,0.34) 0.49 <1E-06 <1E-16 111000001100 

Deep  0.78 
(0.69,0.85) 

0.39 
(0.34,0.49) 

0.78 
(0.57,0.85) 

0.00 
(0.00,0.2) 

0.22 
(0.15,0.31) 1 0.014 <1E-16 111000000000 

Frontal  0.63 
(0.48,0.74) 

0.36 
(0.25,0.53) 

0.53 
(0.11,0.74) 

0.10 
(0.00,0.45) 

0.37 
(0.26,0.52) 0.63 0.026 <1E-10 111101000000 

Temporal  0.66 
(0.52,0.75) 

0.44 
(0.29,0.60) 

0.44 
(0.05,0.75) 

0.22 
(0.00,0.54) 

0.34 
(0.25,0.48) 0.27 <1E-04 <1E-12 111000001100 

Parietal  0.71 
(0.59,0.80) 

0.35 
(0.29,0.47) 

0.71 
(0.43,0.80) 

0.00 
(0.00,0.24) 

0.29 
(0.20,0.41) 1 <1E-07 <1E-13 111000000000 

Occipital  0.79 
(0.68,0.86) 

0.39 
(0.34,0.47) 

0.79 
(0.63,0.86) 

0.00 
(0.00,0.13) 

0.21 
(0.14,0.32) 1 <1E-07 <1E-16 101000000001 

Cerebellum  0.51 
(0.36,0.64) 

0.47 
(0.27,0.60) 

0.07 
(0.00,0.55) 

0.43 
(0.01,0.60) 

0.49 
(0.36,0.64) 0.04 0.738 <17E-9 101010010000 

Brainstem  0.71 
(0.60,0.80) 

0.45 
(0.31,0.62) 

0.53 
(0.16,0.79) 

0.18 
(0.00,0.52) 

0.29 
(0.20,0.40) 0.41 0.004 <1E-16 001000000000 

Standardised additive genetic (A=heritability), shared environment (C) and unique environment (E) variance components (95% confidence intervals) of 
WMH for different ROIs obtained using ACE model. Missing values for the covariates were imputed using the multiple imputation procedure as 
implemented in the R-package “mice” (van Buuren S, Groothuis-Oudshoorn K: Mice: Multivariate Imputation by Chained Equations in R. J Stat Softw 
2011;45:1-67).The columns P-AE, P-CE and P-E respectively denote the p-values from the likelihood ratio test comparing ACE model vs AE, CE and E 
models. P-CE is also the p-value for heritability because testing the component A=0 is equivalent to testing heritability is zero. Last column indicates the 
significance of covariates. Significance of the p-value (p<0.05) for any of the covariates age, sex, scanners, ICV, hypertension, systolic BP, diastolic BP, 
BMI, homocysteine, heart attack, atrial fibrillation and stroke in that order is indicated as a string; 1=significant; 0=not-significant. 
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TABLE IV. Heritability estimates under the sex heterogeneity model 

WMH region 
Female 

ICC MZ 
(95 % CI) 

Female 
ICC DZ 

(95 % CI) 

Male 
ICC MZ 

(95 % CI) 

Male 
ICC DZ 

(95 % CI) 

Male-Female 
ICC DZ 

(95 % CI) 

Female 
h2 

(95% CI) 

Male 
h2 

(95% CI) 

Test of 
Homogeneity 

Total (whole brain) 0.78 
(0.66,0.86) 

0.41 
(0.34,0.54) 

0.72 
(0.52,0.83) 

0.64 
(0.28,0.81) 

0.22 
(0.00,0.40) 

0.74 
(0.46,0.85) 

0.15 
(0.00,0.81) 0.646 

Periventricular 0.78 
(0.65,0.85) 

0.44 
(0.35,0.58) 

0.67 
(0.46,0.81) 

0.66 
(0.28,0.80) 

0.23 
(0.00,0.43) 

0.67 
(0.37,0.84) 

0.03 
(0.00,0.72) 0.282 

Deep 0.78 
(0.66,0.86) 

0.39 
(0.33,0.48) 

0.75 
(0.54,0.86) 

0.40 
(0.27,0.72) 

0.26 
(0.00,0.39) 

0.78 
(0.59,0.86) 

0.69 
(0.04,0.86) 0.985 

Frontal 0.66 
(0.49,0.78) 

0.35 
(0.25,0.51) 

0.56 
(0.30,0.73) 

0.50 
(0.16,0.72) 

0.18 
(0.00,0.37) 

0.62 
(0.22,0.77) 

0.11 
(0.00,0.72) 0.468 

Temporal 0.74 
(0.60,0.82) 

0.41 
(0.31,0.59) 

0.41 
(0.12,0.64) 

0.27 
(0.07,0.55) 

0.22 
(0.00,0.38) 

0.65 
(0.24,0.82) 

0.28 
(0.00,0.64) 0.178 

Parietal 0.72 
(0.56,0.82) 

0.36 
(0.28,0.47) 

0.66 
(0.41,0.81) 

0.41 
(0.21,0.71) 

0.24 
(0.00,0.40) 

0.72 
(0.47,0.82) 

0.50 
(0.00,0.81) 0.975 

Occipital 0.83 
(0.72,0.89) 

0.41 
(0.36,0.50) 

0.62 
(0.37,0.77) 

0.31 
(0.19,0.49) 

0.21 
(0.08,0.29) 

0.83 
(0.65,0.89) 

0.62 
(0.22,0.77) 0.243 

Cerebellum 0.54 
(0.37,0.68) 

0.53 
(0.27,0.67) 

0.47 
(0.17,0.68) 

0.35 
(0.13,0.63) 

0.19 
(0.00,0.35) 

0.01 
(0.00,0.56) 

0.24 
(0.00,0.64) 0.059 

Brainstem 0.75 
(0.63,0.83) 

0.47 
(0.32,0.67) 

0.52 
(0.23,0.72) 

0.29 
(0.13,0.61) 

0.17 
(0.01,0.30) 

0.56 
(0.13,0.83) 

0.46 
(0.00,0.71) 0.156 

Intra-class correlations (ICC), heritability (H2) and 95% confidence intervals for WMH in different ROIs obtained using heterogeneity ACE model (age, scanner and ICV 
adjusted). The p-value from the likelihood ratio test of homogeneity (common variances and co-variances versus separate parameters for male and female samples) is also 
presented.  
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TABLE V. Heritability of white matter hyperintensities (WMH) as a 
function of age and sex 

ROI Age Parameter 
Label 

Lower 
Limit Estimate Upper 

Limit 
Total 
volume 65 Female_H2 0.46 0.76 0.88 

 70 Female_H2 0.49 0.78 0.86 
 73 Female_H2 0.08 0.78 0.87 
 75 Female_H2 0.01 0.78 0.88 
 80 Female_H2 0.00 0.76 0.91 
 83 Female_H2 0.00 0.74 0.93 
 85 Female_H2 0.00 0.72 0.94 
 65 Male_H2 0.00 0.16 0.87 
 70 Male_H2 0.00 0.16 0.81 
 73 Male_H2 0.00 0.16 0.79 
 75 Male_H2 0.00 0.16 0.79 
 80 Male_H2 0.00 0.17 0.80 
 83 Male_H2 0.00 0.16 0.82 
 85 Male_H2 0.00 0.16 0.84 
Peri 65 Female_H2 0.36 0.68 0.87 
 70 Female_H2 0.34 0.67 0.85 
 73 Female_H2 0.18 0.67 0.86 
 75 Female_H2 0.07 0.67 0.87 
 80 Female_H2 0.00 0.66 0.91 
 83 Female_H2 0.00 0.65 0.93 
 85 Female_H2 0.00 0.65 0.94 
 65 Male_H2 0.00 0.03 0.76 
 70 Male_H2 0.00 0.01 0.72 
 73 Male_H2 0.00 0.00 0.70 
 75 Male_H2 0.00 0.00 0.69 
 80 Male_H2 0.00 0.01 0.47 
 83 Male_H2 0.00 0.02 0.57 
 85 Male_H2 0.00 0.04 0.64 
Deep 65 Female_H2 0.62 0.82 0.90 
 70 Female_H2 0.42 0.74 0.87 
 73 Female_H2 0.24 0.66 0.86 
 75 Female_H2 0.12 0.59 0.86 
 80 Female_H2 0.00 0.42 0.88 
 83 Female_H2 0.00 0.32 0.89 
 85 Female_H2 0.00 0.26 0.90 
 65 Male_H2 0.02 0.50 0.91 
 70 Male_H2 0.02 0.53 0.85 
 73 Male_H2 0.01 0.53 0.82 
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 75 Male_H2 0.01 0.53 0.81 
 80 Male_H2 0.00 0.48 0.81 
 83 Male_H2 0.00 0.41 0.82 
 85 Male_H2 0.00 0.35 0.83 
Frontal 65 Female_H2 0.00 0.58 0.81 
 70 Female_H2 0.00 0.17 0.80 
 73 Female_H2 0.00 0.01 0.81 
 75 Female_H2 0.00 0.01 0.35 
 80 Female_H2 0.00 0.23 0.74 
 83 Female_H2 0.00 0.35 0.85 
 85 Female_H2 0.00 0.41 0.89 
 65 Male_H2 0.11 0.70 0.88 
 70 Male_H2 0.00 0.38 0.75 
 73 Male_H2 0.00 0.13 0.70 
 75 Male_H2 0.00 0.03 0.69 
 80 Male_H2 0.00 0.07 0.58 
 83 Male_H2 0.00 0.19 0.70 
 85 Male_H2 0.00 0.27 0.76 
Temporal 65 Female_H2 0.17 0.60 0.80 
 70 Female_H2 0.15 0.56 0.82 
 73 Female_H2 0.08 0.52 0.86 
 75 Female_H2 0.03 0.49 0.88 
 80 Female_H2 0.00 0.41 0.94 
 83 Female_H2 0.00 0.36 0.96 
 85 Female_H2 0.00 0.33 0.97 
 65 Male_H2 0.00 0.33 0.66 
 70 Male_H2 0.00 0.33 0.63 
 73 Male_H2 0.00 0.32 0.65 
 75 Male_H2 0.00 0.31 0.68 
 80 Male_H2 0.00 0.28 0.78 
 83 Male_H2 0.00 0.25 0.83 
 85 Male_H2 0.00 0.23 0.86 
Parietal 65 Female_H2 0.48 0.71 0.83 
 70 Female_H2 0.35 0.70 0.82 
 73 Female_H2 0.21 0.66 0.84 
 75 Female_H2 0.12 0.62 0.85 
 80 Female_H2 0.00 0.50 0.90 
 83 Female_H2 0.00 0.42 0.93 
 85 Female_H2 0.00 0.36 0.95 
 65 Male_H2 0.00 0.27 0.79 
 70 Male_H2 0.00 0.29 0.76 
 73 Male_H2 0.00 0.31 0.76 
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 75 Male_H2 0.00 0.32 0.77 
 80 Male_H2 0.00 0.35 0.82 
 83 Male_H2 0.00 0.36 0.86 
 85 Male_H2 0.00 0.35 0.89 
Occipital 65 Female_H2 0.70 0.87 0.94 
 70 Female_H2 0.50 0.82 0.89 
 73 Female_H2 0.29 0.79 0.88 
 75 Female_H2 0.18 0.77 0.88 
 80 Female_H2 0.03 0.71 0.88 
 83 Female_H2 0.00 0.68 0.88 
 85 Female_H2 0.00 0.66 0.89 
 65 Male_H2 0.33 0.74 0.90 
 70 Male_H2 0.29 0.67 0.81 
 73 Male_H2 0.14 0.63 0.78 
 75 Male_H2 0.06 0.61 0.77 
 80 Male_H2 0.00 0.55 0.77 
 83 Male_H2 0.00 0.52 0.78 
 85 Male_H2 0.00 0.50 0.79 
Cerebellum 65 Female_H2 0.00 0.02 0.57 
 70 Female_H2 0.00 0.11 0.60 
 73 Female_H2 0.00 0.17 0.66 
 75 Female_H2 0.00 0.22 0.70 
 80 Female_H2 0.00 0.32 0.79 
 83 Female_H2 0.00 0.38 0.83 
 85 Female_H2 0.00 0.41 0.86 
 65 Male_H2 0.00 0.50 0.83 
 70 Male_H2 0.00 0.28 0.68 
 73 Male_H2 0.00 0.16 0.62 
 75 Male_H2 0.00 0.09 0.59 
 80 Male_H2 0.00 0.00 0.55 
 83 Male_H2 0.00 0.01 0.63 
 85 Male_H2 0.00 0.03 0.69 
Brainstem 65 Female_H2 0.00 0.32 0.82 
 70 Female_H2 0.12 0.54 0.80 
 73 Female_H2 0.26 0.65 0.83 
 75 Female_H2 0.22 0.71 0.86 
 80 Female_H2 0.32 0.78 0.93 
 83 Female_H2 0.22 0.78 0.96 
 85 Female_H2 0.16 0.77 0.97 
 65 Male_H2 0.00 0.02 0.69 
 70 Male_H2 0.00 0.12 0.61 
 73 Male_H2 0.00 0.23 0.62 
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 75 Male_H2 0.00 0.31 0.66 
 80 Male_H2 0.00 0.45 0.80 
 83 Male_H2 0.00 0.48 0.87 
 85 Male_H2 0.00 0.48 0.90 
Heritability estimates of WMH and their 95% confidence intervals for male 
(Male_H2) and female (Female_H2) at different ages under the age and sex 
moderated ACE model (Figure I). 

 

 

 

 

 

Supplemental Video I. A 3D movie of voxel-wise heritability of white matter hyperintensities 
using the binary AE model has been provided.  
 




