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| weékly — monthly exposure to various forms of criticism, scolding, ridicule or yelling and screaming, or a
maximal parent VAS score (either mother or father) > 50. This degree of exposure to PVA occurred in 16.7%
of online respondents with no history of CSA, PA or WDV. Control subjects had no exposure to PVA, and no

history of DSM-IV Axis-I psychiatric disorders on structured diagnostic interview (16).

'From 1,271 respondents who corﬁpleted online evaluations, 31 subjects exposed to PVA and 31 potential
controls were invited to the laboratory for detailed interviews. High quality DTI scans, free from motion
artifac'ts, were collected on 16 subjects with PVA (4M/12F, mean age 21 9+2.4 yrs) and 16 healthy controls
(5M/11F, 21.0+1.6 yrs), who met our rigorous inclusion and exclusion criteria (Table I). PVA subjects had
average parental VAS scores of 42+9 and maximal parental VAS scores of 66+12, versus 12+7 and 16+7 for
controls, reépectively. Onset of PVA was at 6.9+3.2 years (range 3-13 years of age). Seven subjectsv
continue to experience PVA. It abated 4.3+].7 years ago in the remainder. Hence, it has been a chronic
stressor, lasting an average of 12.3+4.1 years. Forty-four percent of the PVA subjects had a history of
depression, though none currently met full criteria. Three of the PVA subjects had current anxiety disorders
(twé with generalized anxiety, one with panic and obsessive compulsive disorders), and another had attention-
deficit hyperactivity disorder and a history of phobias. PV A subjects and controls did not differ in paternal or
maternal education levels (Table I), but differed substantially in perceived financial sufﬁ.ciency (Mann Whitney
U Test = 50, P=0.002). Half of the PVA subjects felt they came from families that had less than enough, or
much less than enough money to meet their family’s needs. None of the controls came from families with a

perception of less than enough money, and 62.5% came from families with more than enough, or much more

than enough money to meet their family’s needs.
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information (32). FA in Region 1 correlated with verbal IQ and VCI. . PVA subjects and controls did not
differ to a significant degree in verbal IQ or VCI (Table I), suggesting that the effects were relatively subtle.
PVA subjects differed from controls in two of seven verbal subtests of the WAIS III: comprehension (which
tests ability to deal with abstract social conventions, rules and expressions) and similarities (which tests abstract
verbal reasoning). Comprehension subtest scores correlated particularly strongly with reduced FA in region 1
(1:=0.606, p<0.001). Breier et al (33) recen.tly rgported that comprehension deficits after stroke were specifically

associated with lower FA values in the arcuate fasciculus of the left hemisphere.

Region 2 was located in the left fusiform gyrus by fhe posterior tail of the hippocampus, and appeared to
- contained fibers from the ventral part of the cingulum bundle. Left-sided reduc‘ti(‘)n in FA through three of four
subregions of the cingulum bundle has been observed in patients with post-traumatic stress disorder. (34),
indicating that this is probably a stress-susceptible structure. Overall, reduced FA in region 2 was associated
with elevated scores of ‘limbic irritability’, dissociation and depression. ‘Limbic irritability’ is a term we have
used (5, 20) to describe thé presence of symptoms often seen in patients with temporal lobe epilepsy, such as
paroxysmal somatic disturbances, brief hallucinatory events, visual illusions, automatisms, and dissociative

disturbances (35). The cingulum bundle is the most prominent tract of the limbic lobe, and connects the limbic

lobe with the neocortex, particularly the cingulate gyrus.

Region 3 was located in the left fornix, and reduced FA in this segment was associated with increased ratings of
somatization and anxiety. The septo-hippocampal system, connected together via the fornix, plays a major
role in the mediatioﬁ of anxiety (36). Interestingly, the hippocampus receives serotonin fibers from the
midbrain raphe via two pathways: the cingulum bundle (which predominantly innervates dorsal hippocampus),
and the fornix (which innervates all portions) (37, 38). Hence, two of the fiber tracts with segments of reduced |

'FA in PVA subjects, provide pathways for serotonin fibers to innervate the hippocampus.

12




Although DTI studies are rapidly increasing éur understanding of the effects of disease processes on WM tracts,
caution is required in interpreting reductions in FA. The analytical technique employed relies on Imm
resampling of data to detennine local maxima of FA values. As such, it isv sensitive to structures whose size is
sm;ll compared to the original EPI image voxel size or to tracts that are adjacent to sharp white/non white
matter boundaries and their resultant partial volume effects. This is of potential concern in the analysis of FA
values for regions 2 and 3. The left fusiform gyrus is adjacent to the atrium of the lateral ventricle, and the left
fornix is a relatively small WM tract situated within the lateral ventricle. TBSS reduces the challenges of
alignment in FA images without introducing smoothing, and calculates group FA values using voxels from the
center of each subject’s tract to minimize inclusion of voxels that border sharp non-white matter boundaries.
However, partial volume effects are a MR acquisition problem, limited. by signal to noise, and not correctable
through analysis. FA values observed in these regions were very similar to previously published FA values for
healthy controls (39-41). The particularly low FA values observed in region 2 may arise as consequence of
divergent crossing of fibers passing through this region. The significance of the group differences and the
strength and appropriateness of the anatomical-functional correlations, suggest that FA differences in these
regions represent areas of reduced WM integrity and resultant psychopathological effects. Further confirmation

will need to occur through replication in larger samples, and through refinements in resolution (42).

Curiously, TBSS identified group differences in FA along specific portions of fiber tracts, but did not delineate
the entire tract.  This proclivity to identify segments is a property of the program (seen in the representative
image in the TBSS user manual), and is determined to a significant degree by the criteria set for cluster size and
significance. = However, entire tracts were not deliﬁeated in this sample even when significance and cluster
size levels were lowered. We suspect that reduced FA is restricted to a fraction of the fibers constituting the

tract, and that regions of reduced FA become apparent along segments of the tract where these particular fibers
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enter or exit the pathway, or when these fibers represent a substantial proportion of the pathway due to the
exiting of other fibers. Why PVA is associated with reduced FA is unclear. It is unlikely that PVA directly
affects the number of axons, as this is generally establishéd early in childhood. PVA however, may afféctv
axon diameter, microtubular structure, and the proportien of myelinated and unmyelinated fibers that constitute
a component of the pathway, as these propeniés are established later in development (8), and appear susceptible

to effects of experience during preadolescent and peripubertal periods (9).

The current study is limited by the modest sample size, and by the rigorous selection criteria. PVA subjects
studied were healthier than those previously assessed (5), and had average 1Q scores higher than the general
population, but comparable to those of college graduates. These subjects were not representative of individuals
typically exposed to emotional maltreatment, whd often experience other forms of abuse‘, and show greater
sequelae. Subjects were selected to provide a test of the hypothesis unconfounded (to the greatest degree
feasible) by exposure to other forms of early stress,.medications, or agents that could affect brain development.
Identifying abnormalities in such a select group provides a conservative test of the hypothesis. We suspect

that more severely affected individuals would have had more extensive findings, though it may have been

harder to attribute their findings to PVA.

Overall, results from this study support a hypothesis that the brain is chiseled in precise ways by exposure to
adverse early expeﬁence. Analysis of neural connectivity patterns provides preliminary but intriguing .
evidence that the arcuate fasciculus, cingulum bundle and fornix may be vulnerable to the effects of early stress.
Diminished fiber integrity, aberrant crossing patterns, alterations in axonal diameter, or extent of myelination

. along portions of these pathways may underlie some of the psychiatric (5) and neurocognitive (43)
consequences of childhood abuse. Although thisv is a preliminary study of modest size we characterized young

adults who to the best of our knowledged only suffered from parental verbal abuse. Results of this study may
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have public health implications, raising the possibility that parental criticism, condemnation and ridicule can

" exert deleterious effects on the developing brain.
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Abstract: Background Psychiatric sequelae of exposure to parental verbal abuse (PVA) appears to be
comparable to that of non-familial sexual abuse and witnessing domestic violence. Diffusion Tensor
Imaging (DTI) was used to ascertain whether PVA was associated with abnormalities in brain white matter
{(WM) tract integrity. v '
Method 1271 healthy young adults were screened for exposure to childhood adversity. DTl was collected
on 16 unmedicated subjects with history of high-level exposure to PVA but no other form of maltreatment
(4M/12F, mean age 21.9%2.4 yrs), and 16 healthy controls (5M/11F, 21.0+1.6 yrs). Group differences in

fractional anisotropy (FA), covaried by parental education and income, were assessed using Tract-Based

. Spatial Statistics (TBSS), and correlated with symptom ratings and verbal 1Q.

Results Three WM tract regions had significantly reduced FA: (1) arcuate fasciculus in left superior tempdral .
gyrus, (2) cingulum bundle by the posterior tail of the left hippocampus, and (3) the left body of the fornix.

FA in these areas were strongly associated with average PVA scores (rs=-0.701, P<0.001; rs=-0.801,
P<0.001; rs=0.524, P=0.002, respectively), andlevels of maternal verbal abuse. Across groups FA in region
1 correlated with verbal 1Q (rs=0.411, P=0.024) and verbal comprehension index (rs=0.437, P=0.016). FA in




region 2 was inversely associated with ratings of depression (rs=-0.504), dissociation (rs=-0.373) and 'limbic

irmitability’ (rs= -0.602). FA in region 3 was inversely correlated with ratings of somatization (rs=-0.389) and ’
“anxiety (rs=-0.311). ‘

Conclusions Exposure to PVA may be associated with alteration in the integrity of neural pathways with

implications for language development and psychopathology.



