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ABSTRACT
BACKGROUND: Major depressive disorder (MDD) is a leading cause of disability. To understand why depression
develops, it is important to distinguish between early neural markers of vulnerability that precede the onset of MDD
and features that develop during depression. Recent neuroimaging findings suggest that reduced global and regional
intracortical myelination (ICM), especially in the lateral prefrontal cortex, may be associated with depression, but it is
unknown whether it is a precursor or a consequence of MDD. The study of offspring of affected parents offers the
opportunity to distinguish between precursors and consequences by examining individuals who carry high risk at a
time when they have not experienced depression.
METHODS: We acquired 129 T1-weighted and T2-weighted scans from 56 (25 female) unaffected offspring of
parents with depression and 114 scans from 63 (34 female) unaffected offspring of parents without a history of
depression (ages 9 to 16 years). To assess scan quality, we calculated test-retest reliability. We used the scan
ratios to calculate myelin maps for 68 cortical regions. We analyzed data using mixed-effects modeling.
RESULTS: ICM did not differ between high and low familial risk youths in global (B = 0.06, SE = 0.03, p = .06) or
regional (B = 0.05, SE = 0.03, p = .08) analyses. Our pediatric sample had high ICM reliability (intraclass correlation
coefficient = 0.79; 95% CI, 0.55–0.88).
CONCLUSIONS: Based on our results, reduced ICM does not appear to be a precursor of MDD. Future studies
should examine ICM in familial high-risk youths across a broad developmental period.

https://doi.org/10.1016/j.bpsgos.2023.100285
Major depressive disorder (MDD), or depression, is characterized
by persistent sadness, loss of interest, fatigue, and an increased
risk of suicide (1,2). The onset ofMDD typically occurs during late
adolescence or early adulthood (3). Depression is the most
prevalent mood disorder, affecting 1 in 5 people worldwide (4).
The negative impact of depression on daily functioning and the
associated cost of health care demand advancement of treat-
ment and earlier detection to improve prognosis (5).

Early detection of risk can be informed by knowledge of
factors involved in the development of depression. MDD is
influenced by genetic and environmental factors, both of which
affect brain development (6,7). Cortical thinning, abnormalities
in subcortical structure volumes, white matter abnormalities,
and aberrant functional connectivity networks characterize
patients with depression (8). Whether these brain abnormalities
develop during the illness or preexist is unknown. It has been
suggested that abnormal structure and function of several key
brain regions may lead to the development of symptoms seen
in depression (9).

Brain abnormalities manifest globally across the entire brain
and regionally in specific cortical areas. For example, depres-
sion is associated with global cortical thinning across both
hemispheres (10). A cortical region of particular interest is the
lateral prefrontal cortex (LPFC). The LPFC is involved in
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executive control functions such as working memory,
attention, emotion regulation, and behavioral planning through
extensive connections to other cortical and subcortical regions
(11), the impairment of which is associated with poorer prog-
nosis among individuals with depression (12). Functional and
structural abnormalities of the LPFC have been found in adults
with depression, suggesting a neural link between depression
and difficulties with executive control and emotional regulation
(13–17).

Abnormalities at the cellular level have been found in
depression, such as decreased cell number, size, and density
of oligodendrocyte lineage cells (18). Oligodendrocytes are
responsible for creating myelin sheaths, which are fatty cov-
erings around axons that increase action potential speed and
improve the brain’s processing capacity. Abnormalities of
white matter myelin sheaths and slower processing capacity
are associated with depression (19). Adults with depression
have reduced fractional anisotropy in the corpus callosum,
corona radiata, internal capsule, external capsule, uncinate
fasciculi, and the cingulate gyrus (20). Poorer structural
integrity of these white matter tracts may contribute to the
deficits in mood regulation seen in depression (8,21). However,
myelinated axons are also found in the cerebral cortex, where
they create the intricate myeloarchitecture of the brain (22).
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Studies that have examined neonatal separation of rat pups
from their mothers have linked reduced intracortical myelina-
tion (ICM) in the LPFC to increased anxiety and decreased
working memory (23). Reduced ICM has been associated with
depression in adults (14,24,25). Furthermore, oligodendro-
genesis of the PFC is sensitive to environmental stressors and
poor physical health (26,27). During human development, ICM
follows an inverted U-shaped trajectory, with a rapid increase
during the teenage and early adult years, a peak during the
mid-30s, and a decline in later adult years (28). However, the
later part of the ICM developmental trajectory may be altered in
adults with mood disorders, especially within the frontal, pa-
rietal, and temporal regions (29). Neuroimaging and histologi-
cal studies have converged in identifying the LPFC as the brain
region where ICM is most consistently affected in adults with
mood disorders (14,17,24).

Cellular vulnerability to environmental, psychological, and
physiological conditions increases the risk of ICM disruptions,
especially during adolescence when myelination is most
rapid. The rapid development of ICM during adolescence and
early adulthood coincides with the period of greatest risk for
mood and psychotic disorders (30). However, it is unknown
whether early disruptions of ICM development may increase
the risk of depression onset (31). Familial high-risk (FHR)
studies have been used to investigate whether neural ab-
normalities predate the onset of MDD or are a consequence
of the disorder. Youths at high familial risk have similar pat-
terns of neural abnormalities compared to adults with MDD,
specifically in cortical volume and functional connectivity
networks (31–33). Reduction of white matter integrity has also
been observed in high-risk offspring in the cingulum, corpus
callosum, and uncinate fasciculus, with reduced fractional
anisotropy in the cingulum being related to elevated
depression scores (34,35). Compared to the general popula-
tion, high-risk youths have an increased probability of mood
disorder onset due to their genetic and environmental re-
lationships with family member(s) who have a severe mental
disorder (36–38). Familial risk is known from birth or an early
age, making it possible to study development in individuals
who are at risk at a time when they have not experienced
depression. Furthermore, adolescents at high familial risk are
typically naïve to psychiatric medications, removing the
possibility of psychopharmacological influences on clinical
and neural measures (39).

One key challenge to understanding whether ICM disrup-
tions increase the risk of depression is measuring ICM in living
humans. Histological studies provide accurate information
about myelin content in postmortem brains (40). Magnetic
resonance imaging (MRI) studies provide insight into myeli-
nation in the living brain; however, the accuracy of MRI
methods, especially in the pediatric age range, has not yet
been established (41). To confirm our measure of ICM in
youths, we assessed reliability concurrently and provided test-
retest data of ICM in our developmental sample.

It is unclear whether reductions of global and regional ICM
are precursors or consequences of MDD. In the current study,
we addressed this gap by examining whether ICM abnormal-
ities are a neural risk factor that predates depression onset. We
implemented a FHR study design to investigate whether global
and regional levels of ICM differ between FHR and familial low-
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risk (FLR) youths. We focused on an age range younger than
the typical age of onset of depression to examine brain
development in youths who are at high risk before depression
develops. First, we hypothesized that there would be a
reduction in global ICM in FHR youths. Second, we hypothe-
sized that there would be a reduction of ICM in the LPFC in
FHR youths. We anticipated that FHR youths would have a
reduction of ICM, similar to adults with MDD, thereby repro-
ducing a similar trend found in family high-risk studies that
have investigated other brain modalities (31,33,42).

METHODS AND MATERIALS

Participants

FHR participants were those who had at least one biological
parent with a lifetime diagnosis of MDD according to DSM-5.
FLR participants were offspring of parents without any his-
tory of mental illnesses. FHR participants were recruited by
clinical referral by physicians treating the parent. FLR partici-
pants were recruited from schools and communities with
similar socioeconomic characteristics to those of the FHR
participants.

Inclusion criterion was age between 9 and 16 years. The
rationale behind this was that it allows measurement in
representative samples of individuals at high and low familial
risk who are also at a developmental stage before the typical
age of onset of the first major mood episode (43,44). Exclusion
criteria were a current or previous diagnosis of a major mood,
psychotic, substance use, or autism spectrum disorder ac-
cording to DSM-5; neurological disorders; a history of head
trauma with loss of consciousness; or contraindications to the
MRI.

This study was approved by the Nova Scotia Health Au-
thority Research Ethics Board. All participants and their par-
ents or legal guardians signed informed consent forms.

Procedure

The participants and their parents completed semistructured
diagnostic interviews and provided their demographic infor-
mation during assessments. Separate groups of assessors
collected information about the parents and the offspring.

Participants were scheduled for an MRI within 2 weeks of
their initial assessment. The scans took place at the
Biomedical Translational Imaging Centre at the Queen Eliz-
abeth II Health Sciences Centre in Halifax, Nova Scotia. All
participants were safety screened by an MRI technologist
before the scan. The MRI session lasted for approximately 35
minutes.

To capture the development of ICM over time, we invited
eligible participants to repeat the procedure annually, including
parent and participant clinical interviews, MRI scan, and de-
mographic questionnaires. Because there has been rolling
recruitment for 5 years, the number of eligible participants
became progressively smaller with the number of annual re-
peats. For this reason, the number of follow-ups varies among
participants (see Table S1 for details). In addition, to establish
test-retest reliability, we invited a proportion (25%) of the
participants to repeat scans within 2 weeks of their annual
scan date.
.sobp.org/GOS
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Measures

Semistructured Interviews. To assess FHR status, re-
searchers who assessed the parents completed a Structured
Clinical Interview for DSM-5 with each parent (45). If a parent
was unable to attend the interview, their health records were
reviewed, and informant information was obtained using the
Family Interview for Genetic Studies to classify their history of
mental illness. Overall, 76% of participants had both parents
interviewed, and 24% had 1 parent interviewed, meaning that
for 24% of participants, 1 parent’s data was reported
indirectly.

Researchers assessing the youths completed a Kiddie
Schedule for Affective Disorders and Schizophrenia, Present
and Lifetime version for DSM-5 with each youth participant,
using a standard protocol of first speaking with the parent
about the youth followed by speaking with the youth alone (46).

All interviews were performed by assessors trained to
achieve high interrater reliability on the diagnostic interviews.
Assessors who completed youth interviews were blind to
parental diagnostic status and vice versa. The Structured
Clinical Interview for DSM-5 and Kiddie Schedule for Affective
Disorders and Schizophrenia, Present and Lifetime version are
validated instruments that establish diagnoses of mood dis-
orders with high interrater reliability (46,47). DSM-5 for the
youth and parents were confirmed in separate consensus
meetings with licensed adult and child psychiatrists who were
blinded to diagnoses of other family members.

Depressive Symptoms. We measured depressive symp-
toms with the depression subscale of the Youth Experience
Tracker Instrument. The Youth Experience Tracker Instru-
ment is a 26-item self-report questionnaire that tracks
antecedent symptoms in youths. Its 5-item depression
subscale is a validated measure of depressive symptoms
that closely corresponds to measures used in clinical care
(48,49). Every participant completed the Youth Experience
Tracker Instrument before their MRI scan session. We
calculated a composite score (potential range 0–15) for the
depressive symptom items and used it as a covariate in
sensitivity analyses (50–52).

Demographic Information. Information about sex, age,
ethnicity, height (cm), and weight (kg) was gathered during
the annual assessment. We indexed socioeconomic status
(SES) as a composite of maternal and paternal levels of
education, family household annual income, ownership of
primary residence, and ratio of bedrooms to residents in the
household (53). We measured Full Scale IQ with the
Wechsler Abbreviated Scale of Intelligence. We computed
body mass index (BMI) using participant height and weight.
We determined puberty stage using 2 questionnaires. The
Pearson’s Puberty Development Scale includes questions on
body hair, skin changes, growth of facial hair for males, and
age of menarche for females (54). The Sexual Maturation
Scale comprises 5 drawings depicting progressive stages in
pubertal development of secondary sexual characteristics
(55,56). Both the Puberty Development Scale and the Sexual
Maturation Scale were scored on a scale from 1 to 5 and
then averaged to create the puberty stage score (54).
Biological Psychiatry:
Imaging Methods

Image Acquisition. We acquired MRI images with a 3T
General Electric Discovery MR750 scanner equipped with a
32-channel radiofrequency head coil. We collected a
T1-weighted (T1-w) brain volume imaging sequence with whole-
brain coverage, 1-mm3 isotropic resolution, matrix = 224 3 224,
field of view = 224 mm, 168 sagittal slices at 1-mm thickness,
repetition time = 5.9 ms, echo time = 2.2 ms, inversion time =
450 ms, flip angle = 12�, and scan duration = 5 minutes. We also
collected a T2-weighted (T2-w) FLAIR sequence using a T2 prep
contrast option with identical coverage, resolution, and acquisi-
tion orientation to the T1-w sequence, repetition time = 5100 ms,
echo time = 98 ms, inversion time = 1427 ms, echo train length =
250 echoes, flip angle = 90�, with prospective-motion correction
enabled, and scan duration = 5 minutes.

Image Preprocessing. We processed the T1-w and T2-w
scans using the HCP (Human Connectome Project) Minimal
Preprocessing Pipeline (57). The HCP pipeline is a well-
documented set of scripts that uses open-source MRI pro-
cessing software including FreeSurfer 6 and the FMRIB Software
Library (58). This pipeline was optimized for the current data by
replacing the Montreal Neurological Institute template with an
age-appropriate pediatric template for registration (59). The
modified pipeline is available and freely accessible online at
https://github.com/GitDro/YouthReliability. We implemented
quality control to minimize artifacts, especially motion artifacts,
that may affect the results (60). Quality control was carried out
manually, using trained raters, and with Qoala-T, an automated
supervised-learning tool (61). We excluded 24 of 267 scans due
to large motion artifacts, which left 243 scans for analyses.

T1-w/T2-w Ratio Myelin Maps. Cortical myelin maps
were created during processing with our modified HCP pipe-
line following a method developed through the HCP (62) using
a ratio of coregistered T1-w to T2-w images. In the brain,
myelin-bound cholesterol dominates the T1 signal, while water
dominates the T2 signal (63). Therefore, myelin can be mapped
by the ratio of T1/T2 signal, which quantifies regional differ-
ences in myelin content in the cortex (62) that correspond to
myelin content in postmortem histology (41,64). This method
of intracortical myelin registration has high reliability in adult
samples (65). A FreeSurfer automated tool segmented the
cortex into 68 regions based on the Desikan-Killiany atlas (66),
which provided a total of 68 cortical myelin measurements,
34 per hemisphere.
Data Analysis

To test our first hypothesis, we computed global ICM by
averaging the ICM values across all 68 cortical regions. We
followed this global analysis by testing the right and left
hemisphere separately. To test our second hypothesis, we first
computed the total ICM of the bilateral LPFC, by averaging 12
cortical regions (6 from each hemisphere) that anatomically
comprise the LPFC, including the caudal middle frontal, rostral
middle frontal, pars opercularis, pars triangularis, pars orbitalis,
and orbital frontal regions (66,67). We followed this regional
analysis by testing the right and left LPFC separately.
Global Open Science March 2024; 4:-–- www.sobp.org/GOS 3
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We indexed test-retest reliability as the intraclass correlation
coefficient (ICC) between the short repeat scans for each of the
68 cortical regions and mean reliability for our global (total, left
and right hemispheres) and regional (total, right, and left LPFC)
analysis. We used the following criteria to classify reliability:
poor (,0.40), fair (0.41–0.59), good (0.60–0.74), and excellent
(.0.74) (68).

We tested the global and regional hypotheses in mixed-effects
linear regressionmodels. Familial risk statuswas treated as a fixed
effect while global ICM, left hemisphere ICM, right hemisphere
ICM, global LPFC, left LPFC, and right LPFC were used as
dependent variables. We accounted for the nonindependence of
multiple scans (i.e., short- and long-term repeats) from the same
participant and related participants throughnested randomeffects
of individual and family. We included sex, age, and intracortical
volume as covariates in all models to account for sex differences,
brain size, and developmental changes in brain structure (69–71).
We used the Bonferroni correction to adjust for multiple testing
across the global (adjusted p value across 6 tests = .008) and
regional (adjustedp value across 6 tests = .008) hypotheses. In the
sensitivity analyses, we included SES, IQ, BMI, subthreshold
depressive symptoms, and puberty stage as additional fixed
covariates to control for other factors that may affect brain mea-
sures (72–78). We completed all statistical tests in RStudio
(R Version 4.0.3; RStudio version 1.2.5033).

RESULTS

Participants

After quality control, we retained 243 scans (119 baseline, 86
long-term follow-ups, 38 short-term follow-ups) from 119
Table 1. Descriptive Statistics for Participants

Variable

G

High Risk, n = 56

Age, Years 11.62 (1.91)

Sex, Female 25 (44.6%)

YETI Score 1.65 (1.75)

Intracranial Volume 3 106 mm3 1.40 (1.45)

IQ 104.31 (12.72)

Puberty Stage 2.7 (1.3)

SES 3.05 (1.38)

BMI 20.36 (4.06)

Scan Times High Risk, n = 129

Baseline 56 (43.4%)

Long-term follow-up 49 (37.9%)

Short-term reliability 24 (18.6%)

Global ICM 1.29 (0.21)

Right hemisphere 1.29 (0.21)

Left hemisphere 1.30 (0.21)

LPFC ICM 1.19 (0.2)

Right hemisphere 1.16 (0.21)

Left hemisphere 1.22 (0.21)

Values are presented as mean (SD) or n (%). Due to 16 missing YETI scores, the mea
IQ values, the mean was averaged across 55 high-risk and 62 low-risk participants. Due
low-risk participants. Due to 19 missing BMI values, the mean was averaged across 4

BMI, body mass index; ICM, intracortical myelination; LPFC, lateral prefrontal corte
ap , .05.
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youths (56 FHR, 63 FLR) for analysis (Table 1). Participants
ranged between 9 and 16 years of age (mean = 11.89, SD =
1.95). They were predominantly Caucasian (87%). The groups
had an equal distribution of males and females and similar
subthreshold depressive scores, IQ, BMI, SES, puberty stage,
and intracortical volume.

Test-Retest Reliability

We found excellent ICM test-retest reliability across the entire
brain (ICC = 0.79; 95% CI, 0.55–0.88) and across the left (ICC =
0.78, 95% CI, 0.55–0.88) and right (ICC = 0.79; 95% CI,
0.56–0.89) hemispheres separately (Figure 1). We also found
good to excellent test-retest reliability in the total (ICC = 0.72;
95% CI, 0.43–0.84), left (ICC = 0.74; 95% CI, 0.47–0.85), and
right (ICC = 0.75; 95% CI, 0.48–0.86) LPFC.

Global ICM

We confirmed the expected developmental trend for the total
ICM to increase with age (B = 0.03, SE = 0.007, p , .001)
regardless of familial risk status (Figure 2). We tested our first
hypothesis by examining the effect of familial risk group on
ICM across the entire brain, as well as separately across the
left and right hemispheres. We found a slight trend for higher
total and right and left hemisphere ICM in the FHR group
(Table 1, Figure 3). The linear mixed-effects regression model
showed that global ICM did not differ significantly between
FHR and FLR youths (B = 0.06, SE = 0.03, p = .06) (Table 2).
Although there was no significant group difference in ICM of
the right (B = 0.06, SE = 0.03, p = .06) hemisphere, ICM in the
left hemisphere showed a slight increase in FHR youths (B =
0.06, SE = 0.03, p = .048) (Table 2). The results were similar for
roup

Test StatisticLow Risk, n = 63

12.13 (1.96) t117 = 1.43, p = .15

34 (53.9%) c2
119 = 1.03, p = .31

1.4 (1.74) t101 = 0.72, p = .47

1.50 (1.37) t117 = 0.38, p = .69

108.44 (12.65) t115 = 1.75, p = .08

3.02 (1.42) t87 = 1.11, p = .27

3.70 (1.06) t117 = 1.23, p = .22

19.59 (3.95) t98 = 0.96, p = .33

Low Risk, n = 114 –

63 (55.2%) –

37 (32.5%) –

14 (12.2%) –

1.24 (0.22) t234 = 22.03, p = .04a

1.23 (0.22) t234 = 21.94, p = .05

1.25 (0.21) t234 = 22.1, p = .04a

1.14 (0.21) t234 = 21.83, p = .07

1.11 (0.21) t234 = 21.87, p = .06

1.17 (0.22) t234 = 21.76, p = .08

n was averaged across 51 high-risk and 52 low-risk participants. Due to 2 missing
to 30 missing puberty scores, the mean was averaged across 43 high-risk and 46

9 high-risk and 51 low-risk participants.
x; SES, socioeconomic status; YETI, Youth Experience Tracker Instrument.

.sobp.org/GOS

http://www.sobp.org/GOS


left

right

lateral medial
side

he
m

is
ph

er
e

0.65

0.70

0.75

0.80

0.85

ICC

Figure 1. Intracortical myelination test-retest reliability. ICC, intraclass
correlation coefficient.
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the total brain and right and left hemispheres across a range of
sensitivity analyses in which we controlled for SES, IQ, and
BMI, with all estimates within 1 SE of the primary analysis
estimates (Table S2).

ICM of the LPFC

We tested our second hypothesis by examining the effect of
familial risk group on ICM in our region of interest, the LPFC. A
trend toward higher LPFC ICM in the FHR group was apparent
(Table 1, Figure 3). There was no significant group difference in
ICM of the total (B = 0.05, SE = 0.03, p = .08), right (B = 0.06,
SE = 0.03, p = .06), or left (B = 0.05, SE = 0.03, p = .17) LPFC
(Table 3). The results were similar for the regional sensitivity
analyses that controlled for SES, IQ, and BMI (Table S3).

Stratified Analysis

To help understand the unexpected trend toward increased
ICM in FHR youths, we conducted a stratified analysis to
detect any differences in ICM that might be restricted to males
or females. We found no significant differences between males
and females in our global or regional analysis after Bonferroni
0.9
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Biological Psychiatry:
correction. Detailed results of the stratified analyses can be
found in Tables S4–S11.

DISCUSSION

The current study is the first to examine ICM in youths at fa-
milial risk for depression. We found no association between
familial risk and global total or right hemisphere ICM. Although
we found higher ICM in FHR youths in the left hemisphere, the
difference was small and not statistically significant after
correction for multiple testing. There was no association be-
tween familial risk status and ICM in the LPFC.

A reduction of white matter and intracortical myelination has
been linked to MDD in adults (14,20,24,79). Furthermore,
findings from postmortem studies suggest that abnormal ICM
may play a role in depression due to a reduced number of
oligodendrocytes in MDD (80,81). We used a family risk design
to detect whether a reduction of ICM existed prior to illness
onset. While we did not discover a significant effect of familial
risk group on ICM, we were surprised by the directionality of
the result. Contrary to our expectations, we detected a trend
toward higher ICM in FHR offspring, which is the opposite of
findings in adults with depression. There are several possible
explanations for why we did not detect a significant reduction
of ICM in high-risk youths.

First, it is possible that a reduction of ICM is a consequence
rather than a precursor of MDD. Cortical myelination continues
development into middle age. Research suggests that ICM
development throughout life allows for fine-tuning of syn-
chronization between cognitive and behavioral networks of the
brain (82). Evidence that myelination and white matter struc-
ture changes may be a mechanism for brain plasticity can
explain how personal and environmental experiences shape
the brain (83). However, this also makes ICM vulnerable to
disturbances, which may contribute to psychopathology
development (28). The rate of myelination differs, with pre-
frontal cortex ICM continuing development until adulthood
(84). Cortical areas are at increased vulnerability at different
times, with later-developing areas at greater risk of exposure to
milial Risk Group

FLR

FHR

Figure 2. Total intracortical myelin across age
with 95% CIs. FHR, familial high risk; FLR, familial
low risk.
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Figure 3. Intracortical myelin in familial high-risk
(FHR) and familial low-risk (FLR) youths across the
entire cortex (A), right (B), and left (C) hemispheres
and across the total (D), right (E), and left (F) lateral
prefrontal cortex (LPFC).
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adverse events that may negatively affect ICM development.
Thus, it is possible that ICM reduction arises after the onset of
the disorder and during psychopathology. This could explain
why depression is associated with reduced regional and global
ICM in patients, whereas high-risk youths in our study have not
been affected (14,24).

Second, depression-related ICM abnormalities may present
differently across the developmental trajectory of ICM. Age-
related increases in oligodendrocytes are disrupted in people
with psychotic and mood disorders, including depression (85).
As a result, people with mood disorders may lack the normal
ICM inverse U-shaped trajectory (29). Young adults with bi-
polar disorder have increased myelin compared with control
participants at the start of illness. However, the development of
Table 2. Linear Mixed-Model Results for Family History Group P

Predictors

Total ICM Right

Estimates 95% CI p Estimates

Intercept 0.54 0.17 to 0.9 – 0.55

Group 0.06 20.01 to 0.12 .052 0.06

Age 0.03 0.01 to 0.04 ,.001a 0.03

Sex 0.01 20.03 to 0.1 .279 0.03

Int_Vol 0.23 20.00 to 0.46 .052 0.20

Random Effects

s2 0.03 0.04

s00fid 0.01 0.01

s00pscan_id 0.00 0.00

Npscan_id 119 119

Nfid 81b 81b

Results controlled for fixed effects of age, sex, and intracranial volume (Int_Vol) a
observations each for total, right hemisphere, and left hemisphere intracortical myelin
right hemisphere. Marginal R2 is 0.129 for the left hemisphere.

ap , .05.
bp , .001.
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ICM slows down with age, creating an overall flatter trajectory.
The trend of our results suggests that youths who are at a
greater risk for developing depression may have greater ICM
than low-risk control participants. Future studies should
examine how ICM changes longitudinally from adolescence
into adulthood, starting at youth. This could establish whether
the developmental trajectory of ICM itself may be a neural
marker for depression.

Third, our results may partially reflect the characteristics of a
relatively resilient subgroup of the FHR population. We
selected the 9 to 16 years age range to encompass youths
who had not yet reached the typical age of depression onset
(86). However, some studies have shown that high-risk youths
may experience earlier onset of psychopathology than control
redicting Global ICM

Hemisphere ICM Left Hemisphere ICM

95% CI p Estimates 95% CI p

0.18 to 0.93 – 0.52 0.16 to 0.88 –

20.00 to 0.12 .057 0.06 0.00 to 0.12 .048a

0.01 to 0.04 ,.001a 0.03 0.01 to 0.04 ,.001a

20.04 to 0.10 .345 0.04 20.02 to 0.11 .224

20.04 to 0.43 .101 0.26 0.03 to 0.48 .025a

0.03

0.00

0.01

119

81

nd nested random effects of family (fid) and individual (pscan_id). A total of 243
(ICM) analyses. Marginal R2 is 0.126 for total ICM. Marginal R2 is 0.122 for the
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Table 3. Linear Mixed-Model Results for Family History Group Predicting LPFC ICM

Predictors

Total LPFC ICM Right LPFC ICM Left LPFC ICM

Estimates 95% CI p Estimates 95% CI p Estimates 95% CI p

Intercept 0.62 0.26 to 0.98 0.68 0.31 to 1.04 0.57 0.21 to 0.94

Group 0.05 20.01 to 0.11 .082 0.06 20.00 to 0.12 .062 0.05 20.01 to 0.11 .117

Age 0.02 0.01 to 0.04 .001a 0.03 0.01 to 0.04 ,.001a 0.02 0.01 to 0.04 .003a

Sex 0.02 20.04 to 0.09 .463 0.02 20.05 to 0.09 .551 0.03 20.04 to 0.09 .393

Int_Vol 0.14 20.09 to 0.36 .236 0.06 20.17 to 0.29 .598 0.21 20.02 to 0.44 .071

Random Effects

s2 0.04 0.04 0.04

s00 fid 0.00 0.01 0.01

s00 scan_time 0.00 0.00 0.00

Nscan_time 119 119 119

Nfid 81b 81b 81b

Results controlled for fixed effects of age, sex, and intracranial volume (Int_Vol) and nested random effects of family (fid) and individual (pscan_id). A total of 243
observations each for total lateral prefrontal cortex (LPFC), right LPFC, and left LPFC analyses. Marginal R2 is 0.085 for total LPFC. Marginal R2 is 0.085 for the right
LPFC. Marginal R2 is 0.085 for the left LPFC.

ap , .05.
bp , .001.
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offspring (36,38). By selecting asymptomatic youths, we might
have missed some of the high-risk sample that had already
developed depression. As a result, our sample may be indic-
ative of youths who may have protective factors that reduce
their likelihood of developing depression. Studies have found
differences in the brain between high-risk youths who go on to
develop depression and those who do not (87). For example,
asymptomatic high-risk youths have shown greater activation
to reward stimuli in the middle frontal gyrus, a trend that has
not been observed in high-risk youths with depression and
control participants (88). This may point to a compensatory
mechanism that allows adaptive cognitive reappraisal of
stimuli and is a marker of resilience (89,90). Therefore, it is
possible that we did not detect reduced ICM because it was
not present in youths who, despite being at risk, may be
affected by other neurobiological mechanisms that make them
resilient. Future studies need to compare ICM alterations found
in asymptomatic and symptomatic FHR youths.

One challenge in the pediatric investigation of ICM is that
how accurately ICM can be measured across the develop-
mental age range is unknown. The T1/T2 method is reliable
and comparable to other measures of myelin content in the
adult brain (65). To examine the quality of myelin measurement
in our pediatric sample, we investigated the reliability of the T1-
w/T2-w method. Reliability classifies the ability of a measure-
ment to provide the same results under similar circumstances
(91). Notably, image artifacts such as head motion can in-
crease measurement error, especially in a pediatric sample
that may be more sensitive to scanner noise and therefore
produce more movement (92). Overall, we found good reli-
ability across our global and local hypothesis, which increases
our confidence in the quality of this imaging data.

The results of the current study should be interpreted in the
context of several limitations. Although we attempted to track
progressive changes in ICM across development, not all our
participants had multiple long-term repeats. Therefore, we
were limited to a cross-sectional analysis. Second, although
our sensitivity analysis controlled for IQ, SES, and BMI, some
Biological Psychiatry:
youths might have been exposed to medications or recrea-
tional substances or had other characteristics that were not
reported and controlled for in our linear mixed models. Third,
our sample may have inadvertently been resilient, and there-
fore our null results are reflective of possible resilience.
Furthermore, it is important to note that depression, even given
a familial context, may reflect other adversities such as early-
life trauma. Fourth, despite the high reliability shown in our
study and in adult populations, the T1-w/T2-w may have lower
criterion validity than other imaging techniques (93). However,
another study that assessed T1-w/T2-w quality found low
interparticipant variability and higher sensitivity to myelin
content than other methods, pointing toward it being a valid
noninvasive tool for myelin mapping in the living brain (65).

Conclusions

In summary, we did not find a reduction of ICM in youths at
high familial risk for depression. However, the trend toward
higher myelination that we observed in our main and second-
ary analyses suggests that the developmental trajectory of ICM
in youths at high familial risk for depression should be more
closely examined across a broader developmental period.
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