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Abstract 

 

Background: A biological marker of vulnerability should precede onset of illness and be independent of 

disease course. We previously reported that cortical thinning may serve as a potential biomarker for risk for 

familial depression. We now test stability of the cortical thinning across 8 years, and whether thinning 

mediates associations between familial risk and depressive traits.   

 

Method: Participants were from a 3-generation family study of depression, where 2nd and 3rd generation 

offspring were characterized as being at high- or low-risk for depression based on the presence/absence of 

major depression in the 1st generation. The analysis includes 82 offspring with anatomical MRI scans across 

two assessment waves, 7.8 (S.D.1.3, range: 5.2-10.9) years apart.  

 

Results: High-risk offspring had thinner bilateral superior and middle frontal gyri, and left inferior parietal 

lobule, at both time-points. High intra-subject correlation (0.60<r<0.91) and intra-class correlation (0.72–0.78) 

of thickness measures across time points was detected within the above regions; rank order by effect size and 

region was also preserved across time. The thinning was stable despite changes in scanning platform (Siemens 

Sonata vs. GE Signa), field-strength (1.5 vs. 3T), and participant age and clinical course. Thinning at the first 

time-point predicted anger and hostility at the second, and mediated the relationship between familial risk and 

these traits.  

 

Conclusion: The study provides evidence for cortical thinning as a stable biomarker for familial vulnerability 

for depressive illness, which supports the ability to detect persistent and clinically relevant anatomical findings 

irrespective of MRI platform.  
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Introduction 

 

A central goal in psychiatric neuroscience is to identify abnormalities in brain structure and function that 

predispose to mental illnesses. To represent true markers of risk, such anomalies (also referred to as 

‘endophenotypes’ (1, 2)) should precede onset of the disorder itself, be distinct from changes in the brain that 

occur as a result of the illness, and be stable over time. This last criterion is cumbersome to demonstrate, as it 

requires individuals to be scanned at more than one time point while keeping methodological variation to a 

minimum. Most longitudinal studies have focused on tracking changes in the brain as a function of illness; few 

have explicitly tested stability of brain phenotypes.  

 

We previously reported on a potential biomarker for depression vulnerability in a three generation family 

study of major depressive disorder (MDD) (3). We found that 2nd and 3rd generation offspring at high- 

compared to low- familial risk for depression (where we defined familial risk based on the presence or absence 

of MDD in the 1st-generation probands) had thinner cortices, particularly in the lateral surface of the right 

hemisphere. The thinning was present even in offspring who were at risk, but had never had an episode of 

MDD, suggesting it was unlikely to be a consequence of the illness. We thus hypothesized that cortical 

thinning may represent an endophenotype for the familial form of MDD.   

 

What we could not test in our prior report was whether the thinning represented a stable trait, as participants 

had only been imaged at one time point. We have since rescanned the population, on average 7.8 (range, 5.2 to 

10.9) years later, which allows us to examine the extent to which differences in cortical morphology between 

the high- and low-risk groups are conserved over time. In testing this, we addressed three goals. First, we 

tested if cortical thinning was still present 8 years later. If so, this stability would increase confidence that 

cortical thinning reflects a stable biomarker rather than a transient phenotype or a clinical state. Second, we 

tested whether the cortical thinning was robust to methodological variation, such as the MRI scanning site, 

platform and magnetic field strength. For the development of biomarkers, it is critical to test potential effects 
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of methodological advances, and to disentangle heterogeneity attributable to biologically relevant processes 

from that due to methodological sources. Third, our original findings were reported using proprietary 

anatomical MRI methods that are not widely available. To foster greater reproducibility, we now use 

FreeSurfer (4, 5), a freely available, open-source software that is among the most frequently used techniques 

for examining cortical morphology. Freesurfer is also optimized for longitudinal analyses, as its algorithms 

allow for greater control over segmentation differences across scans than do other packages (6).    

 

The primary goal of this study was to test whether differences in cortical thickness related to familial risk 

for depression are stable over an 8-year period, where stability was defined by test-retest consistency of 

anatomy (i.e., do brain regions showing significant differences in cortical thickness at the first time point also 

do so at the second?) and rank order (do participants with the greatest degree of thinning at the first time point 

continue to do so at the second?). Finally, to better understand the clinical implications of the cortical thinning, 

we explored whether cortical thinning identified at the first scan predicted clinical phenotypes relevant to 

depression ~8 years later.  
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Methods 

Participants 

The sample has been detailed in several prior publications (2, 7-9). Briefly, the study began in 1982 with the 

simultaneous recruitment of two groups of probands (Generation 1, G1). Depressed probands were selected 

from outpatient psychiatric clinics for the treatment of mood disorders in the New Haven, CT area and were 

required to have moderate-to-severe MDD. Non-depressed probands were selected concurrently from the same 

community, and were required to have no lifetime history of psychiatric illness, based on several interviews. 

All probands were of European ancestry. Their biological children (G2), and subsequently, grandchildren (G3) 

were followed prospectively over time. The offspring of the depressed probands formed the “high-risk” group, 

and those of the non-depressed probands, the “low risk” group (8, 9).  

 

Assessments 

Diagnostic Interviews were conducted using the adult (10) or child (6-17 years) (11) version of the semi-

structured Schedule for Affective Disorders and Schizophrenia–Lifetime interview by doctoral- and masters-

level mental health professionals (reliability was high, as documented elsewhere (8, 9)). The first interview 

assessed the lifespan to that point; follow-up interviews assessed catch-up periods; diagnoses are therefore 

cumulative until latest interview. Each family member was interviewed independently and blind to the clinical 

status of other family members. Final diagnoses were made by one or more experienced clinicians, using the 

best-estimate procedure (12). Current depressive symptoms at the time of each scan were measured using the 

Hamilton Depression Rating Scale (13) or Children’s Depression Rating Scale-Revised (14) (for adults and 

children respectively); anxiety symptoms were measured with the Hamilton Anxiety Rating Scale (15) and 

revised Children’s Manifest Anxiety Scale (16), respectively. Child and adult scores were first each converted 

to z-scores, which were then combined to create a single measure. In addition to state measures, we also 

collected trait measures of impulsivity (Barratt Impulsiveness Scale-11 (17)), and anger and hostility (Buss 

Perry Aggression Questionnaire (18, 19)) These measures were assessed because our primary hypothesis 
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suggests that cortical thinning represents a stable biomarker of risk for depression, and thus its clinical 

correlates should likewise be stable, trait markers of depression risk. 

 

Analytic Sample 

We obtained MRI scans from 158 G2 and G3 offspring, aged 7-55 years at W5; and from 114 offspring, aged 

11-68 at W6. MRI scans from 8 individuals at W5 and 1 individual at W6 were excluded due to severe head 

motion. Out of the 150 usable W5 scans and 113 usable W6 scans, there were 82 common individuals (43 

from high-risk, and 39 from low-risk families). The interval between W5 and W6 scans for the same 

individual varied from 5.2 to 10.9 years, with a mean of 7.8 and SD of 1.3 years. Inter-scan intervals were 

similar for the 2nd (7.6±1.4 yrs) and 3rd (8.1±1.2 yrs) generations.  

 

Analyses on clinical correlates of cortical thinning were based on the 110 (of 150) individuals with a usable 

MRI scan at W5 who also had clinical measures at W6. These 110 participants did not differ on measures of 

age, sex, or risk status than the primary sample of N=82 with usable brain scans at both waves (not shown).  

  

MRI Scanning 

W5 MRI scans were obtained using a Siemens Sonata 1.5 Tesla scanner using a 3D MP-RAGE sequence 

(TR:24msec, TE:2.96msec, Flip angle:45°, FOV:30×30cm, phase FOV:100%, 2 excitations, Slice 

thickness:2mm, Matrix 256×192, 128 slices, voxel dimension:1.17×1.17×1.2mm). W6 MRI scans were 

obtained using a GE Signa 3 Tesla whole-body scanner equipped with an 8-channel, phased array head 

coil using 3D Fast Spoiled Gradient Recall (FSPGR) sequence (TR:4.7msec, TE:1.3msec, Flip 

angle:110°, Bandwidth:41.67MHz, FOV:25×25cm, ASSET factor:2, Slice thickness:1.0mm, Matrix: 

256×256, 128 slices, voxel dimension:0.98×0.98×1.0mm, 1 NEX images×2). 
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Processing Pipeline  

Methods for estimating cortical thickness can be broadly categorized as surface-based or voxel-based. We 

used FreeSurfer (4, 5), a surface-based approach to estimate cortical thickness at each point on the pial surface. 

The use of explicit surface models enables sub-voxel accuracy, high sensitivity, and robustness to different 

field strengths, scanner upgrade and scanner manufacturer (20).   

 

The processing pipeline was as follows. First, large-scale variations in image intensity are corrected using bias 

field estimation and bias removal. Second, extra cerebral tissues are removed using an automated tool. Third, 

an initial segmentation separates grey matter (GM), white matter (WM) and cerebrospinal fluid (CSF). The 

WM/GM boundary is referred to as the WM boundary, and the GM/CSF boundary as the pial boundary. With 

this initial segmentation, FreeSurfer constructs a surface of triangulated mesh based on the WM boundary, 

which is then deformed to find the opposing pial boundary, correcting topological defects using smoothness 

and self-intersection constraints. With the cortex closed at the brain stem, the resulting surface was 

topologically equivalent to a sphere. The closest distance from the white surface to the pial surface at each 

surface’s vertex is then defined as the cortical thickness.  

   

Processed data were visually inspected and manually edited by two independent technicians (one per wave), 

who were well-trained in neuroanatomy to correct for errors from the automated pipeline, such as skull strip 

errors, segmentation errors, intensity normalization failure, etc. Data processing was blind to the subject’s risk 

status. Thus, inter-rater differences are unlikely to generate the observed group differences (thinning in high 

risk offspring) at either wave, or the corresponding of group differences across waves.  

 

Statistical Analyses  

We examined the relationship between cortical thickness and risk status (high or low) using a general linear 

model with each vertex across the pial boundary as the dependent variable, risk status as the independent 
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variable, and age at current scan and sex as covariates. P-values were color coded and plotted for each vertex 

at the pial boundary and results controlled for the false discovery rate (21). 

 

We explored clinical correlates of cortical thinning using path analysis.  Specifically, we tested whether 

cortical thinning mediates the relationship between familial risk and behavioral traits associated with 

depression. Following established methods for path analysis(22), we conducted a series of linear regression 

analyses. We first tested whether the mediating variable, cortical thinning, was associated with risk status. We 

then tested whether cortical thinning correlated with depressive symptoms and/or traits, while controlling for 

risk status. Statistical significance was then determined based a 95% confidence interval (CI) derived from the 

Sobel test, and confirmed by bias-corrected bootstrapping with 2,000 samples (not shown). Age at first scan, 

age difference between the two scans, and sex, were included as covariates in all of the path linear regression 

models and in the Sobel test and bootstrapping. 
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Results 

Participants at high compared to low familial risk for depression were approximately 8 years older at each scan 

(range 5-11, Table 1). Within each generation of offspring, age did not vary by risk status; however, a greater 

proportion of 2nd generation offspring, as compared to third, were from high risk families. Individuals from 

high-risk families had higher lifetime rates of depressive, but not anxiety disorders.  

 

------------------------------ Table 1 here ------------------------------ 

 

Stable cortical thinning in offspring at high risk for depression across two assessments 

Statistically significant thinning was found in the high compared to low risk group in bilateral superior frontal 

and caudal middle frontal cortices, and left inferior parietal lobule (Figure 1a, thinning in blue). Thinning 

patterns were consistent across the first (Wave 5[W5]; left) and second (W6, right) scans. As shown in Table 2, 

not only were the same cortical regions identified at W5 and W6, but the rank order of findings, that is, the 

relative effect sizes of the group thickness differences (betas), were preserved.  

 

------------------------------ Figure 1 and Table 2 here ------------------------------ 

 

Within regions in which significant group effect were detected, we plotted within-participant correlations of 

cortical thickness from W5 to W6. As shown in Figure 1b, high intra-subject correlation (r=0.60–0.91) and 

intra-class correlation (absolute agreement, 0.72–0.78)  from W5 to W6 further supports the stability of 

cortical thinning in high risk individuals across waves.   

 

Cortical thinning mediates the relationships between familial risk and anger and hostility  

We explored associations between cortical thinning at W5 and depression-related traits measured at W6 

(Figure 2).  Familial risk status predicted both anger (left, beta=4.87, p=0.017) and hostility (right, beta=3.50, 

p=0.021) but not impulsivity or other facets of aggression (physical or verbal aggression). Within each 
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hemisphere of the superior frontal gyrus, thinner cortices predicted greater anger and hostility, and the thinning 

mediated the relationship between familial risk and trait measures (mediating paths shown in red).  Cortical 

thinning was not associated with current depressive symptom severity, lifetime history of depression, or 

impulsivity.  

 

------------------------------ Figure 2 here ------------------------------ 

 

Supplementary Analyses  

Because there were a number of co-occurring changes from W5 to W6 (e.g., MRI scanner and field strength, 

development stage and age, diagnostic status, substance use, or medication), we conducted sensitivity analyses 

to test whether any of these changes could confound the main results.  The findings, shown in Figures S1-S5, 

indicate that the group differences in cortical thickness remained stable and could not be attributed to any of 

the above factors.  

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

11 

 

Discussion 

Summary 

We show that familial risk for depression is related to cortical thinning in bilateral superior and caudal middle 

frontal gyri, and the left inferior parietal lobule. The thinning is stable across approximately 8 years, consistent 

with the hypothesis that cortical thinning reflects a stable trait. The stability was robust to methodological 

variation including changes in MRI scanner (Siemens and GE) or field strength (1.5 and 3T), and to individual 

variation across participants (age and clinical trajectories). Finally, thinning in bilateral frontal cortices 

mediated the relationship between familial risk and trait measures of anger and hostility, suggesting a potential 

pathway by which familial risk for depression may contribute to the biological (cortical thinning) and clinical 

(anger/hostility) presentation of offspring. This is to our knowledge the largest and longest study of its kind, 

demonstrating the stability of a biomarker of risk for depression. 

 

Stability across 8 years 

The implications of the consistency of findings across 8 years are multi-fold. From a clinical perspective, the 

stability, coupled with our prior (3) and current (E-Table 4) observations that the thinning is present even in 

offspring who are at risk but never develop depression, further validates cortical thinning as a risk marker. At 

the same time, the high reliability of findings across different scanning platforms and field strengths suggest 

that detection is resistant to methodological variation. The consistency of findings across 1.5T and 3T 

scanning platforms is particularly noteworthy, given the lower resolution with the former (voxel size and in-

plane area were 71% and 43% larger, respectively). Many early MRI studies on depression were performed on 

1.5T scanners (23-26). In recent years, 3T scanners are the norm, and because the technology for 

neuroimaging is constantly improving, methods and field-strengths will continue to evolve. Showing stability 

across different platforms will be particularly important for meta-analyses and systematic reviews, where 

consistency of data quality across space and time is essential, yet often assumed rather than empirically 

investigated. 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12 

 

Establishing reliability has been problematic in psychiatric research. This, in part, may be due to the 

substantial diagnostic heterogeneity within psychiatric nosology (27), and in MRI studies is exacerbated by the 

risks for false positive findings which in some cases may exceed 50% (28, 29). These hurdles against 

identifying reliable biomarkers underscore the importance of within-study, test-retest reliability. Our use of 

open-source software will permit external groups to replicate and extend findings. Although caution is always 

necessary when attempting to integrate data acquired through different platforms, our findings suggest that 

data acquired on 1.5T scanners may be at least qualitatively comparable with newer data (see limitations, 

however).  

 

The thinning observed here was only partially consistent with the thinning we previously reported using 

different voxel-based methods (3). Although we found that offspring at high familial risk had significant 

thinning of the cortical mantle in both reports, the thinning that we previously reported was more globally 

distributed through parietal, temporal and frontal cortices, and predominantly in the lateral right and medial 

left hemisphere, an asymmetry we do not find here. Differences could be due to the only partially overlapping 

samples, or due to different approaches implemented. Surface-based estimations (as implemented here with 

FreeSurfer) may be preferable for longitudinal analyses because of deformable model processing, which 

optimizes correction against segmentation differences across scans (6). Conversely, voxel-based methods, 

which measure thickness directly from initial segmentation, are more prone to segmentation errors. Our use of 

open-source software will now allow other investigators to compare patterns of cortical thinning in 

independent samples using parallel methods.   

 

Cortical thinning in depressive disorders 

A number of prior studies have reported reductions in cortical thickness in frontal and temporal lobes in 

depressive disorders (30-33) [reviews (27, 34)]. The thinning has been further associated with atypical 

functional connectivity(33) and executive functioning(32, 35), and with depression phenotypes in other 

disorders (e.g., Alzheimer’s dementia(36),  diabetes(35)). Most studies to date however have only compared 
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individuals with and without depression, precluding disentanglement of brain differences that predispose to the 

disorder from those that may arise as a consequence of the illness. By identifying subjects based on risk for, 

rather than, presence of the outcome of interest, high-risk designs allow us to target biological processes that 

emerge prior to onset of disease (37). Few imaging studies have applied this approach to depression. A study 

by Papmeyer et al followed early adult offspring (mean age, 21 yrs) at high- and low-familial risk for 

depression, but only across a two-year period (31). Offspring at high-risk for depression had thinner right 

temporal cortex, regardless of whether they developed the disorder themselves. Whereas high-risk offspring 

who did not develop depression showed thinning across the 2 years in inferior frontal cortex, those who did 

develop depression showed corresponding thickening, which the authors suggest may be a function of 

insufficient synaptic pruning.   

 

Cortical thinning mediates associations between familial risk and depression phenotypes 

Frontal cortical thinning mediated the association between familial risk for depression and two adulthood traits 

associated with depression, hostility and anger. As illustrated in Fig.2, frontal thinning partially explained the 

relationship between familial risk and anger and hostility. Interestingly, thinning did not explain associations 

between familial risk and offspring depression. This could be because depressive symptoms present 

episodically and thus may be more likely to associate with similarly episodic biological measures. Expression 

also depends on the environment, and many offspring who may be at high-familial risk and have the cortical 

vulnerability still never go on to develop symptoms.  

 

Though not core clinical symptoms of depression, anger and hostility are reported in about a third of depressed 

patients (15, 38), and are associated with worse course of the disorder, including poorer response to 

pharmacological treatment, and higher rates of suicide attempts, accidents, and cardiovascular disease (39, 40). 

Family history may thus lead to some depressions by increasing proneness to aggression traits via 

dysregulation of circuits involving regions showing frontal thinning. This hypothesis is consistent with studies 

showing higher levels of aggression in adolescents with thinner middle frontal cortices or disruptions in 
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fronto-limbic circuitry (41). Future research can test this hypothesis more directly by following teenage 

offspring who have both frontal thinning and elevated aggression traits, and test whether the aggression 

mediates an association between the thinning and later onset of clinical symptoms.   

 

Limitations 

The sample is based on families at high- or low-risk for major depression, neither of which are completely 

reflective of the general U.S. population. The sample was also of European ancestry, so findings may not 

generalize to other groups. Although we show that cortical thinning predicts measures of aggression ~8 years 

later, temporal causality should not be inferred, as the onset for development of the cortical thinning versus 

behavioral traits is not known. The effect size was also moderate-to-large:  for subtler regional differences or 

more sensitive imaging modalities (e.g., fMRI), the signal-to-noise ratio may be insufficient to document 

correspondence across scans. On the other hand, the method variation across scans could have inflated Type II 

errors, leaving us with a conservative estimate of stability.  Associations between cortical thickness and 

impulsivity could be accounted for by third variables (e.g., trauma) that could alter both thickness and trait 

measures. Finally, the study focused on biomarkers in offspring at high familial risk for depression.  Thus, it is 

unclear whether similar markers would be found for other types of depression that are not family based.  

Similarly, as the study did not include offspring of probands with other disorders, we cannot empirically test 

whether the markers are specific to depression versus reflective of broader psychiatric risk.   

 

Conclusions 

Identifying biomarkers of vulnerability is a critical step in treatment development. A true vulnerability marker 

must represent risk for illness: simply serving as a one-time correlate of illness is insufficient (1). Using a 

high-risk family design, we have identified a stable biomarker for depression risk (bilateral frontal thinning) 

that meets the above criteria. The marker first needs to be reproduced and validated independently. Subsequent 

research can then address predictive validity by following individuals with frontal thinning over time and 
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examining the long-term clinical trajectories. At the same time, functional imaging approaches can be applied 

to examine brain-wide circuitry implications of the thinning.  
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Table 1. Demographic and clinical characteristics of 82 participants with scans of W5 and W6 

 

 High risk 
(n = 43) 

Low risk 
(n = 39) 

Test 
statistic 

P-value 

Age, mean, years W5 31.7 ± 12.8 23.1 ± 12.8 t = 3.1 0.003 
W6 39.4 ± 12.7 31.2 ± 12.8 t = 2.9 0.005 

 
Age, by generation, years 
Second generation (G2) W5 38.7 ± 8.1 39.7 ± 5.6 t = 0.5 0.63 

W6 46.2 ± 8.1 47.8 ± 5.9 t = 0.7 0.48 
Third generation (G3) W5 15.8 ± 5.0 14.7 ± 3.9 t = 0.7 0.50 

W6 23.8 ± 4.9 23.0 ± 4.3 t = 0.5 0.62 
 
Generation 
Second generation (G2)                           30 (69.8%) 13 (33.3%) Χ

2 = 10.9 0.001 
Third generation (G3) 13 (30.2%) 26 (66.7%)   
 
Gender 
Male 20 (46.5%) 17 (43.6%) Χ2 = 0.07 0.79 
Female 23 (53.5%) 22 (56.4%)   
 
Depressive symptoms1 
Adult W5 4 ± 4.9 3.2 ± 4.2 t = 0.6 0.55 

W6 3.6 ± 5.1 1.4 ± 4.5 t = 2.0 0.05 
Child W5 20.2 ± 9.0 21.0 ± 7.1 t = 0.2 0.82 

W6 21.3 ± 4.5 18.0 ± 16.7 t = 0.3 0.77 
 
Anxiety symptoms2 
Adult W5 3.7 ± 4.1 2.5 ± 3.5 t = 1.1 0.28 

W6 2.6 ± 3.4 1.0 ± 3.0 t = 2.2 0.04 
Child W5 8.7 ± 8.3 5.8 ± 6.7 t = 0.9 0.37 

W6 2.3 ± 3.2 3.0 ± 5.2 t = 0.3 0.86 
Current/lifetime depressive disorder 24 (55.8%) 12 (30.8%) Χ

2 = 5.2 0.02 
Current/lifetime anxiety disorder 28 (65.1%) 19 (48.7%) Χ

2 = 2.2 0.13 

 

Values are mean ± SD. 

1Depressive symptoms were determined by Hamilton Depression Rating Scale and the Children’s Depression Inventory 

for adults and children, respectively.  

2Anxiety symptoms were determined by the Hamilton Anxiety Rating Scale and the Revised Children's Manifest Anxiety 

Scale for adults and children, respectively.  

Symptoms scores were z-transformed for adults and children independently before they were included as covariates in the 

statistical models. 
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Table 2.  Cortical ROIs with significant thinning at either wave of assessment  

Cortical Region W5 W6 
Size (mm2) Beta mean (mm) Size (mm2) Beta mean (mm) 

Right superior frontal 2983.5 -0.158 2985.1 -0.112 
 

Left superior frontal 3835.0 -0.143 4023.9 -0.105 
 

Left caudal middle frontal 1200.4 -0.141 1020.2 -0.102 
 

Right caudal middle frontal 1411.2 -0.137 1291.0 -0.098 
 

Left inferior parietal 850.4 -0.093 772.2 -0.096 
 

 

The size of thinning regions and their corresponding average beta values are reported here for statistically 
significant ones.  
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Figure Titles and Legends 

 

Figure 1. Maps of group differences in cortical thickness of 82 common subjects (43 high-risk, 39 low-risk) at 

W5 and W6.  

 

Panel A:  At each point on the cerebral surface, the statistical significance (probability values) of differences 

in cortical thickness across groups (high vs. low risk) in participants from generations G2 and G3 are color 

coded. Warm colors (yellow, orange, and red) represent significantly thicker cortices in the high-risk group; 

cooler colors (blue and cyan) represent thinner cortices in that group. The color bar indicates the color-coding 

of p-values for testing of statistical significance at each point on the surface of the brain. The statistical models 

controlled for the age, and the sex of all participants.  

 

Panel B:  Plot of Pearson correlation coefficients of cortical thickness between W5 and W6 in conjunct 

thinning regions. 
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Figure 2. Correlation and mediation of cortical thickness with measures of aggression hostility 

 

Brain images show correlation of cortical thickness at the first scan (i.e., w5) with measures of hostility (left 

panel) and anger (right). Regions shown in warm colors (yellow to red) represent those where thicker cortex 

was associated with higher hostility/anger scores (there were no regions meeting these criteria). Regions 

shown in cool colors (blue and cyan) represent those where thinner cortex was associated with higher 

hostility/anger. The color bar on the right indicates the color-coding of p-values for testing of statistical 

significance at each point on the surface of the brain. 

 

The arrow diagrams illustrate the pathways tested in the mediation models, with the blue pathways indicating 

the three direct paths, and the red pathway, the indirect path. Each path lists the beta values (adjusted for age at 

first scan, age difference between scans, and sex), with corresponding p-values in parentheses. The red path 

indicates the indirect path, that is, the portion of the association between familial risk and anger/hostility 

outcomes that is mediated (explained) by the cortical thinning in the respective region.  

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

 

A 

B 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Hao et al.  Supplement 

1 

Stability of Cortical Thinning in Persons at Increased Familial Risk 
for Major Depression Across Eight Years 

 
Supplemental Information 

 

Primary analyses presented in Table 1 and Figure 1 document stability of cortical thinning among 

families at high (compared to low) familial risk for depression across two time points approximately 8 

years apart. However, there were a number of changes that co-occurred in the same eight year window, 

raising the possibility that these changes could confound group differences. These include changes in 

scanner, differential changes in developmental phase (puberty) and overall age across participants, and 

clinical changes.  

We thus performed a series of sensitivity analyses to address the potential impact these factors 

could have had on the main finding.  

 

Scanner change 

We used a 1.5 Tesla Siemens scanner at W5 and a 3 Tesla GE scanner at W6. Differing field strength of 

the scanner led to different contrast and image quality at the two waves (Figure S1) which could result in 

differences in cortical thickness measurements across waves. Moreover, the voxel size of a W5 scan was 

about 70% bigger than that of a W6 scan. We compared the thickness changes between W5 and W6 

across the pial surface for high- and low-risk groups. Though different contrast resulted from the two 

different scanners, together with different spatial resolution at W5 and W6 led to significantly different 

cortical thickness measurements between W5 and W6. Measurements at W6, in general, generated thicker 

cortex than W5, except at the frontal portion of the left hemisphere where cortical thickness at W6 was 

thinner. The differences, though, were consistent across high- and low-risk groups and thus we did not 

find any group difference in cortical thickness changes between the two waves. This implies that even 

though there were significant differences in cortical thickness measurements between W5 and W6, the 

effects were similar across high- and low-risk groups and would most likely cancel out when we 
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compared cortical thickness between risk groups within W5 or W6. Thus the thinning effects in high-risk 

group were stable and consistent across W5 and W6, and were not affected much by the scanner change.  

 

Developmental phase  

Differences in the thinning effects at W5 and W6 could be caused by subjects who went through puberty 

between the two different waves. To assess the effects of those subjects, we removed 9 subjects who went 

from under 12 years old at W5 to over 12 at W6 and reran the analyses at both waves (Figure S2) (73 

subjects, 40 high-risk, 33 low-risk). Furthermore, we removed 13 subjects who were less than 13 at W5 or 

less than 18 at W6 (69 subjects, 39 high-risk, 30 low-risk, not shown). The results from both analyses 

were similar or identical to the results that included those who went through puberty between W5 and W6 

(Fig. 1). 

 

Age differences 

As there were overall age differences by group (Table 1), we investigated its effect on the cortical 

thinning results by plotting the age x risk status interaction term on the surface of the brain. There was no 

significance of the interaction term across both hemispheres in either W5 or W6, suggesting that 

differences in age in high versus low- risk groups were unlikely to bias the observed cortical thinning at 

W5 or W6. Furthermore, we compared age-matched 66 subjects of high- and low-risk subgroups and 

found the similar thinning pattern (Figure S3) as shown in the main figure. 

 

Clinical status change 

There were no new onsets of MDD in the 82 common subjects between the two scan waves, though there 

were 8 recurrences. To test if those clinical status changes confounded the detected cortical thinning, we 

excluded those offspring from the analyses and generated the cortical thinning results in the 74 remaining 

subjects (37 high-risk, 37 low-risk, Figure S4). The effects were largely similar to the ones that included 

those 8 recurrences (Fig. 1). Statistically adjusting for offspring’s prior history of depression and anxiety 
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(Figure S5), and current depressive and anxiety symptoms (not shown) also did not significantly change 

the findings. We compared cortical thickness of subjects with lifetime history of MDD and subjects 

without MDD and found no significant thinning in the regions where thinning in the high-risk group was 

considered an MDD trait, i.e., left superior frontal cortex, left caudal middle frontal, left inferior parietal 

lobule, right superior frontal cortex.  

Finally, although no offspring developed a new diagnosis of depression, six participants 

developed a diagnosis of an anxiety disorder, and one of a substance use disorder, between the two scans. 

The findings remained unchanged when we conducted sensitivity analyses removing these individuals 

from the analyses.   
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Scanner Change 

 

 
Figure S1: Scan quality at W5 and W6. W6 data had better scan quality due to the higher field strength 

of the scanner.   
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Adjusting for the effects of development 

 

 
 

Figure S2: Maps of group differences in cortical thickness of 73 common subjects (40 high-risk, 33 

low-risk, excluding 9 subjects who went from under 12 years at W5 to over 12 at W6) at W5 and 

W6. At each point on the cerebral surface, the statistical significance (probability values) of differences in 

cortical thickness across groups (high vs. low risk) in participants from generations G2 and G3 are color 

coded. Warm colors (yellow, orange, and red) represent significantly thicker cortices in the high-risk 

group; cooler colors (blue and cyan) represent thinner cortices in that group. The color bar indicates the 

color-coding of p-values for testing of statistical significance at each point on the surface of the brain. The 

statistical models controlled for the age, and the sex of all participants. 
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Adjusting for the effects of age 

 

 
 

Figure S3: Maps of group differences in cortical thickness of 66 common subjects (33 high-risk, 33 

low-risk, age matched between risk groups) at W5 and W6. At each point on the cerebral surface, the 

statistical significance (probability values) of differences in cortical thickness across groups (high vs. low 

risk) in participants from generations G2 and G3 are color coded. Warm colors (yellow, orange, and red) 

represent significantly thicker cortices in the high-risk group; cooler colors (blue and cyan) represent 

thinner cortices in that group. The color bar indicates the color-coding of p-values for testing of statistical 

significance at each point on the surface of the brain. The statistical models controlled for the age, and the 

sex of all participants.  
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Adjusting for the effects of clinical depression 

 

 
 

Figure S4. Maps of group differences in cortical thickness of 74 common subjects (37 high-risk, 37 

low-risk, excluded 8 subjects who had recurrence of MDD between W5 and W6) at W5 and W6.  At 

each point on the cerebral surface, the statistical significance (probability values) of differences in cortical 

thickness across groups (high vs. low risk) in participants from generations G2 and G3 are color coded. 

Warm colors (yellow, orange, and red) represent significantly thicker cortices in the high-risk group; 

cooler colors (blue and cyan) represent thinner cortices in that group. The color bar indicates the color-

coding of p-values for testing of statistical significance at each point on the surface of the brain. The 

statistical models controlled for the age, and the sex of all participants. 
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Adjusting for the effects of clinical symptoms 

 

 
 

Figure S5. Maps of group differences in cortical thickness of 82 common subjects (43 high-risk, 39 

low-risk) at W5 and W6, controlled for history of depression and anxiety. At each point on the 

cerebral surface, the statistical significance (probability values) of differences in cortical thickness across 

groups (high vs. low risk) in participants from generations G2 and G3 are color coded. Warm colors 

(yellow, orange, and red) represent significantly thicker cortices in the high-risk group; cooler colors 

(blue and cyan) represent thinner cortices in that group. The color bar indicates the color-coding of p-

values for testing of statistical significance at each point on the surface of the brain. The statistical models 

also controlled for the age and the sex of all participants. 


