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Abstract

Preserved cognitive performance is a key feature of successful aging. Several theoretical models
(compensation, hemispheric asymmetry reduction, and posterior-anterior shift) have been
proposed to explain the putative underlying relationship between brain function and performance.
We aimed to review imaging studies of the association between brain functional response and
cognitive performance among healthy younger and older adults in order to understand the neural
correlates of successful cognitive aging. MEDLINE-indexed articles published between January
1989 and May 2008, and bibliographies of these articles and related reviews were searched.
Studies that measured brain function using fMRI or PET, evaluated cognitive performance,
analyzed how cognitive performance related to brain response, and studied healthy older
individuals were included. Forty-seven of 276 articles met these criteria. Eighty-one percent of the
studies reported some brain regions in which greater activation related to better cognitive
performance among older participants. This association was not universal, however, and was seen
mainly in frontal cortex brain response and seemed to be more common among older compared to
younger individuals. This review supports the notion of compensatory increases in brain activity
in old age resulting in better cognitive performance, as suggested by hemispheric asymmetry
reduction and posterior-anterior shift models of functional brain aging. However, a simple model
of bigger structure — greater brain response — better cognitive performance may not be accurate.
Suggestions for future research are discussed.
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Introduction

A great challenge for future society will be to better understand the aging process. As the
proportion of individuals over age 65 grows, it is of utmost socioeconomic importance to
promote functional independence and quality of life in this group. Cognitive health has
consistently been cited by seniors as important for quality of life (1) and is widely
recognized by researchers as an important contributor to late life functioning (2—4). Thus, a
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key element in dealing with the “graying of the world” must be to discover ways to optimize
cognitive performance in old age.

Cognitive performance in most domains declines with age, particularly processes such as
psychomotor speed; however, some abilities may remain stable or even improve up to a
certain age, such as vocabulary (5). Importantly, there is large heterogeneity in cognitive
changes that occur with aging (6). Some seniors are exceptional in their cognitive
performance, and understanding this aspect of cognitive aging (as opposed to focusing on
pathological change or normal declines) is likely to guide the search for ways to enhance
cognitive functioning in aging (3).

Brain health is an important determinant of cognitive health, so a fuller understanding of
neural aging, especially those aspects that most influence cognition, is necessary. Much is
already known about structural brain changes due to age and age-related diseases (7) and
how these relate to cognitive performance (8). We observed, in a comprehensive review of
the literature focusing on structural correlates of cognitive performance in healthy elders,
that most studies find a positive relationship between regional brain size and cognitive
performance (9).

Brain structural integrity, however, is only one neural factor influencing individual
differences in cognitive function among older people. Studies of brain function using
techniques such as positron emission tomography (PET) and functional magnetic resonance
imaging (fMRI) have revealed reliable changes in the level and pattern of brain activity with
age. Older age has been associated with lower blood flow and metabolism at rest,
particularly in frontal cortex (10). Reduced regional brain response to challenge tasks among
older compared to younger participants has also been seen (11). Notably, however, greater
regional brain response in older participants also is commonly observed (11). In some
instances, pattern of brain response is qualitatively different, for example, when
“overactivation” occurs in a homologous region in the opposite hemisphere from the region
typically responsive in the young group and is less lateralized (12), referred to as HAROLD:
Hemispheric Asymmetry Reduction in OLDer adults (13). In other cases, brain response in
posterior regions has been found to be lower in older adults whereas anterior regions show
greater response than in younger individuals (14). This relative shift from posterior to
anterior involvement has been termed the Posterior-Anterior Shift with Aging (PASA (11)).

An unresolved issue is how these age-related changes in brain responsiveness and altered
patterns (e.g., HAROLD or PASA) are associated with cognitive differences between older
individuals and with rates of cognitive decline with aging. Age-related alterations in brain
function may be associated with poorer cognitive performance, as is seen most dramatically
in the case of decreased regional metabolism associated with steep cognitive declines in
Alzheimer’s dementia (15). Interestingly, however, there is also evidence that the degree to
which older individuals manifest some age-related patterns of brain activity may be
associated with better cognitive performance (i.e., compensation (16)). Such findings are in
contrast to the idea that alterations of neural function reflect inefficient processing (i.e., de-
differentiation (17)).

The purpose of this review was to comprehensively review studies of the association
between cognitive performance and brain function among healthy older individuals in order
to weigh evidence in support of age-related compensatory versus de-differentiated brain
responses, examine factors related to these findings, and evaluate their specificity to old age.
Previous reviews of functional imaging changes with age (11, 18) have summarized a subset
of findings covered in the present review, but none has focused specifically on correlations
between brain function and cognitive performance.
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To retrieve studies for this review, MEDLINE citations (January, 1989 — May, 2008) were
surveyed using the National Library of Medicine’s PubMed online search engine using the
following search string: (“functional MRI" OR "fMRI" OR "PET" OR "positron emission
tomography" OR "cerebral blood flow") AND (brain OR cognition OR cognitive OR
cerebral) NOT (dementia OR Alzheimer's OR psychiatric OR disorder OR disease OR
impair*) AND (age[Title] OR aging[Title] OR ageing[Title] OR old[Title] OR
elderly[Title]). This search revealed 256 articles of potential interest. All references cited in
these articles were also reviewed, and we found 20 additional relevant publications.

Inclusion criteria

We applied several selection criteria. To be included in the review, studies had to 1) use
fMRI or PET methodology to examine neural functioning, 2) evaluate cognitive
performance either on a task given during imaging or on a measure administered on a
separate occasion, 3) report results of an analysis examining how differences in cognitive
performance related to differences in brain response, and 4) include at least one group of
healthy elderly individuals (mean age > 60 years of age).

Review process

Results

We found 47 reports that met review criteria. Flow of information through different stages
of the systematic review is shown in Figure 1.

Each study was examined by two authors (LTE, AS) and the following information was
extracted: numbers and characteristics of participants, definition of “healthy” used,
neuroimaging method and scanning paradigm employed, and brain regions examined. We
also noted whether participants overlapped between samples in the review. Based on study
results, we summarized the relationship of age to functional brain imaging measures to
provide a context for understanding brain-cognition relationships. We then extracted the
measures of cognitive performance used and summarized associations between cognitive
performance level and measures of brain functioning. We noted the direction of association
and whether this reflected greater response among those with successful versus normal
cognitive performance (e.g., positive correlations for accuracy and negative correlations for
reaction time both imply that better cognitive performers have greater brain response). When
possible, we summarized correlations separately for younger and older groups and noted
whether a direct statistical comparison had been made.

Characteristics of Reviewed Studies

Study characteristics and results for the 47 reviewed papers are presented chronologically in
Table 1. There was one longitudinal study (19), one study in which cognitive change was
examined longitudinally but brain response was measured once (20), and all other
investigations were cross-sectional. Among cross-sectional studies, two (21, 22) included
only older participants, one examined a large cohort ranging in age from 20 to 87 (23), and
the rest (n=41) compared younger adults to at least one group of older individuals. One
study (24) reported partial overlap in participants with another study (25).

Summary statistics for the reviewed studies are given in Table 2. The review included more
studies using fMRI than PET, and sample sizes were typical of many functional
neuroimaging investigations. A large majority of reports employed medical, neurological,
and psychiatric screening criteria to assure a healthy sample, most also employed cognitive
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screening (e.g., Mini-Mental State Examination (26)), about half also excluded subjects
based on current medication usage, and a smaller number had an additional criterion that the
structural MRI be normal (21, 22, 27-40). Education level, when reported, was generally
high (median four years of college) and comparable between younger and older groups. All
studies had both male and female participants except for two that enrolled only men (41, 42)
and one that included only women (43). Gender ratio was comparable between old and
young groups in most reports. Participants’ ethnicity was not reported in any reviewed
studies and so, could not be summarized.

The reviewed studies employed a variety of cognitive paradigms: episodic learning and
memory tasks were most frequently used, followed by working memory tasks, and those
assessing inhibitory processing. Less commonly examined domains included motor
function, language, nondeclarative memory, visual search, and visual attention.

In terms of analysis strategies, age effects were often examined in a voxel-wise fashion
across the entire brain. In many other studies, mean response in a priori regions of interest
determined either by previous studies or by significant within-group differences were used
in the age analysis. In many studies, brain-behavior correlations were only examined in the
subset of regions in which an age difference in mean brain response was observed.

The cognitive performance variable examined differed among studies, but was most often
accuracy of task performance, followed by mean reaction time. Most investigations used
task performance during imaging as the measure of cognitive performance.

Correlation of Brain Function and Cognitive Performance

Greater brain response generally was associated with better cognitive performance in the
reviewed studies: there was at least one finding of such an association in all but 6 of the 47
studies (25, 44-48)(See Table 3). In 19 studies, only positive associations between
magnitude of brain response in the older group and cognitive performance were found; 19
others found both positive and negative associations. Thus, across many different types of
tasks, more cognitively successful seniors had greater brain response in at least one brain
region compared to their lower-performing peers. Positive correlations, when observed,
were frequently found in frontal lobe regions and negative correlations were rare in this
region: 19 studies reporting correlations within the frontal lobes found positive associations,
6 found negative correlations, and 9 found some evidence for both positive and negative
associations. Findings within parietal and temporal cortex were similarly skewed in favor of
positive associations. In occipital cortex and in hippocampal / medial temporal cortex, an
equal number of studies reported each direction of correlation with performance. Among the
22 studies in which the analysis could have revealed brain-behavior correlations in any
region (i.e., analysis was not restricted to particular areas), there were 9 studies that found
positive associations in frontal cortex (one negative); for all other regions, positive
correlations were observed in 5 studies or fewer. Thus, positive associations were more
commonly found in frontal cortex than in other regions even among studies in which there
was a chance of finding such correlations in any brain region.

Six investigations found only negative correlations (i.e., greater brain response in poorer
performing elders); these involved reaction time to incongruent vs. congruent visual
distracters (44), go/no-go task accuracy evaluated across the whole brain (25) and in the
basal ganglia (45) (participants overlapped between these studies), relationship of cognitive
reserve to age-differential networks during learning and recognition of difficult versus easy
word lists (46), reaction time during a facial emotion matching task (47), and relationship of
reaction time slope and discriminability to load-dependent and load-independent brain
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response in spatial networks responsive during different phases of a working memory task
(48).

Given known differences in cognitive and brain aging patterns between men and women
(49, 50), we examined whether gender ratio in the older study group appeared to be related
to the direction of associations between brain function and cognitive performance. We
divided studies into three categories based on whether the older sample was predominantly
male (>67% men; n=10), predominantly female (>67% women; n=10), or gender-balanced
(<67% men or women; n=26). Studies with greater or equal numbers of women in the older
sample were slightly more likely to observe positive compared to negative correlations
(predominantly female: 70% positive vs. 30% negative, gender-balanced: 73% positive vs.
50% negative), whereas those with more men had mixed findings (100% positive vs. 70%
negative).

Two studies had a longitudinal component, permitting inferences about the temporal
relationship between changes in cognitive performance and changes in brain function. In a
study with repeated assessment of both cognition and brain function (19), older adults were
assessed at baseline and after 8 years with PET imaging during a recognition memory test.
Overall cognitive performance did not change significantly in this sample, but longitudinal
increases and decreases of brain activity were observed. Positive relationships between brain
response changes and performance changes were seen in temporal and parietal regions; and
negative associations were found in temporal and frontal regions. The findings suggest some
degree of reorganization of cortical networks of older individuals in the context of preserved
cognitive performance, with both beneficial and detrimental regional changes observed. In a
retrospective design in which cognition, but not brain response, was measured
longitudinally, Persson et al (20), compared measures of brain response between two groups
of individuals — those who had stable memory performance over the previous decade and
those who had declined (although none had declined out of the normal range). Brain
response during verbal encoding was measured with fMRI, and analyses of brain-behavior
relationships were conducted within frontal regions activated by both groups. Greater
response was found in right ventral prefrontal cortex among individuals whose memory
performance had declined compared to those whose performance had remained stable.

Uniqueness of Brain-Behavior Correlation Pattern in Older Individuals

Thirty-three studies included a young comparison group in which the relationship between
brain response and cognitive performance was also examined. Many studies found strong
correlations in both younger and older groups. Most identified some brain regions in which
similar brain-behavior correlations were observed in both age groups, but many also
reported regions in which correlations were significant only in one group. An interesting
category of finding was the observation of brain regions in which the relationship between
performance and brain response was opposite in direction in the two age groups. In 13
studies (40%), the correlation with performance was much more strongly positive in the old
than in the young group, and in many cases the relationship was negative in younger
individuals (30, 31, 51-60). In contrast, positive correlations among the young group and
negative associations among the old also were observed in some studies; this was somewhat
more likely to be the case in posterior and medial temporal brain regions (30, 31, 35, 46, 48,
54, 55, 57, 59, 60). In a small number of studies (32, 41, 61, 62), brain-behavior correlations
were much more pronounced in the old group than the young, but the opposite pattern (no
correlations in old and multiple significant correlations in young) was not seen in any study.
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Relationship of Brain-Behavior Correlations to Nature of Age-Related Changes

An aim of this review was to understand whether older individuals who display qualitatively
different patterns of brain response perform better than those with a more youthful pattern.
Although few studies examined this directly (48, 58), we were able to classify age effects
into those that were broadly supportive of HAROLD and PASA and then examine the
direction of brain-behavior associations in these studies. We found 14 studies in which
group aging results were broadly consistent with either HAROLD (n=7) or PASA (n=6) or
both (n=1). Of these, 10 studies reported positive correlations between brain function and
cognitive performance in some region and 7 reported negative correlations in some region.
Six studies found positive correlations in frontal cortex (4 found negative correlations) and
no other region had more than 3 reports of significant function-cognition relationships,
either positive or negative. Thus, studies that demonstrated altered brain patterns in older
individuals consistent with HAROLD and PASA models were slightly more likely to find
these changes to be beneficial rather than detrimental, but findings of negative relationships
were also prevalent.

Discussion

In our review of studies addressing how brain function relates to cognitive performance
among older individuals, we found frequent support for the notion that increased brain
responsiveness is associated with better cognitive performance. Positive correlations
between frontal cortex brain response and performance were much more frequently reported
than negative correlations, and positive associations were more often observed in frontal
cortex than in other regions. Positive correlations also outnumbered negative ones in parietal
and temporal cortices, whereas findings were more mixed for both occipital cortex and
medial temporal lobe. The predominance of positive correlations in frontal cortex is
consistent with findings of our review of the relationship between brain structure and
cognitive performance in late-life, in which frontal findings were also the most numerous
and consistent (9). Interestingly, although greater size of medial temporal lobe was also
fairly consistently linked to greater cognitive success (9), the directionality of relationships
between brain function in this region and cognitive performance was mixed. This suggests
that a simple model of: bigger structure — greater brain response — better cognitive
performance may not be accurate, and points out the necessity to measure both brain
structure and function in the same study in order to test more complete models.

Positive correlations with performance, particularly in frontal cortex, have previously been
interpreted as compensatory in nature (13). Specifically, it has been theorized that frontal
cortex must become more active in order to support good performance in the face of
deficient responses elsewhere (63). Although many studies observed positive correlations
with performance, most did not directly test how this might be related to deficient brain
response in other regions. It was also not always clear how performance of the highest
performing seniors compared to that of high performing younger adults. Thus, it was
difficult to know whether brain response in regions of positive correlation with cognitive
performance was truly compensatory or, instead, represented an aftempt at compensation
that was only partially successful. It was also difficult to evaluate whether there was a
benefit to qualitatively different patterns of activation as opposed to quantitative differences
in response in the same brain regions (48). Among studies that demonstrated a group effect
of age consistent with HAROLD or PASA, positive associations between brain response in
these regions were more frequently observed than negative ones. Mixed results were found
in two studies examining this question more directly using working memory tasks; Reuter-
Lorenz et al (58) found that older adults with a more bilateral activation pattern performed
more quickly, but Zarahn et al (48) found only one qualitatively different pattern of brain
response among older adults, which was associated with worse performance. Clearly, further
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work is needed to develop techniques to classify the pattern of brain activity among
individual participants and examine cognitive consequences of those patterns.

The exceptions to findings of positive correlations between brain response level and
cognitive performance, perhaps suggestive of de-differentiated responses, are potentially
illuminating. Most notable is a quasi-longitudinal study in which individuals with the
greatest cognitive decline had the most subsequent frontal overactivity (20). If excess frontal
response is compensatory, one might expect to observe it most in individuals who maintain
good cognitive performance. However, as the authors point out, it could be that extra brain
response in frontal cortex is only recruited when other systems begin to fail and that
decliners’ brains were attempting a reorganization (in response to hippocampal and white
matter deficits observed in this group) while those who were stable did not require it (yet).
Of the six cross-sectional studies that found only negative associations between brain
response and cognitive performance, three involved inhibitory processing and/or
overcoming prepotent responses. Frontal overactivity may be detrimental for this particular
type of cognitive activity. Another pattern that emerged was one of negative correlations
with performance in posterior regions but positive correlations in anterior regions. This
appears to be consistent with the concept that individuals who show the PASA pattern have
the best cognitive performance. Still, if one postulates that anterior shift occurs in response
to loss of posterior function, it is perhaps surprising that those with the most residual
posterior function would have the worst cognitive performance. Perhaps earlier sensory
processes require a more focal response that, once weakened in the course of aging, cannot
be compensated for by greater posterior activation. This might suggest that only those
individuals who can strengthen and broaden their anterior response and reciprocally quiet
their posterior response can continue to perform at a high level.

The above discussion highlights the largest gap in our knowledge regarding the link between
brain function and cognition in old age — i.e., how it may change along the course of
development. Many theories posit a dynamic process (e.g., (63, 64)), in which functional
increases occur in response to structural changes that decrease focal responses elsewhere.
Direct evidence addressing this dynamic process is extremely limited. Only one study
measured both brain function and cognitive performance longitudinally (19). Results of this
study were mixed and cognitive changes were minimal, so we do not yet know how the
brain may reorganize itself in people who maintain cognitive performance levels versus
those that decline. The reviewed studies comparing brain-behavior associations among
younger versus older samples generally supported the notion that the association strengthens
and becomes more positive with age. Although this may sometimes have resulted from
restricted variability in the younger sample leading to lower correlations, in some reports
there were significant negative correlations in the young group and significant positive
correlations in the old group. This suggests that a switch may occur at some point in
adulthood so that more brain response is better instead of worse. This could perhaps be
consistent with antagonistic pleiotropy in which effects of certain genes are detrimental at
one point in life but beneficial at another (65). When and how such a switch may happen is
currently unknown. Longitudinal functional neuroimaging, in combination with genetic
studies, may be a particularly powerful combination for better understanding individual
trajectories of neural aging (66).

The finding that additional brain response is generally positively associated with cognitive
success in old age emphasizes the existence of continued functional plasticity which should
lead to optimism about improving cognitive function in old age. Cognitive training is one
type of intervention that is gaining in popularity and evidence for efficacy (67). Changes in
brain function after cognitive training may result in a more youthful, unilateral pattern of
brain response rather than a strengthening of the HAROLD-like response of untrained
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seniors (68), however. This raises the possibility that some interventions might be
restorative for brain functioning, while others may result in patterns that more closely
resemble the brain’s naturalistic compensatory changes.

There are several limitations to this review, including that, in spite of our best efforts, we
might have missed some relevant papers on this topic. Also, as with any review, there may
have been publication biases that influenced the type of results available to include. In
addition, our review only focused on functional correlates of successful cognitive
performance and did not address other aspects that may contribute to quality of life in old
age, such as emotional well-being (69). Although functional neuroimaging has been applied
to understanding emotional disorders in late life (70, 71), few studies have addressed brain
correlates of individual differences in emotional outlook among healthy seniors (72).

The conclusions we drew could also be influenced by limitations of the reviewed papers.
The studies’ sample sizes, although typical for neuroimaging investigations, were relatively
small for examining correlations. Study participants were highly educated, which could limit
generalizability of results. Also, studies varied greatly in terms of their selection criteria,
cognitive tests administered, imaging techniques used, and analysis methods employed,
making it difficult to summarize findings across studies. As discussed above, very few
studies examined cognitive correlates of coordinated brain networks and many did not
statistically compare correlations between young and old groups. Finally, few studies
directly addressed the concern that observed brain response-behavior correlations may be
accounted for partially or wholly by associations between cerebrovascular function and
cognition (73). Future studies that measure blood flow, metabolic rate of oxygen, and blood
oxygenation dependent response in both younger and older participants may help determine
the relative contribution of vascular versus neuronal components to individual differences in
cognitive performance, and how these may change with age.

In summary, results of this review offer support for the view that augmented brain response,
particularly in frontal cortex, serves a compensatory role in older adults. In some cases,
however, extraneous activation might be detrimental, such as when it occurs in posterior
regions or during tasks that require inhibitory processes. The existing literature does not
fully address the important question of how such relationships are built up or may change
across adulthood, although there is some suggestion that positive brain function-cognition
relationships strengthen with age. Whether there is eventually a point at which compensation
fails and how the timing of such changes might relate to other genetic or environmental
factors will be a productive area for further exploration.

Acknowledgments

This work was supported, in part, by the Sam and Rose Stein Institute for Research on Aging, by grants from the
National Institute of Mental Health (P30-MH080002), and by the Department of Veterans Affairs.

AstraZeneca, Bristol-Myers Squibb, Eli Lilly, and Janssen donate medication for an NIMH funded research grant
awarded to Dr. Jeste entitled “Metabolic Effects of Newer Antipsychotics in Older Patients.”

References

1. Reichstadt J, Depp CA, Palinkas LA, Folsom DP, Jeste DV. Building blocks of successful aging: a
focus group study of older adults' perceived contributors to successful aging. Am J Geriatr
Psychiatry. 2007; 15:194-201. [PubMed: 17322132]

2. Baltes MM, Wahl HW, Schmid-Furstoss U. The daily life of elderly Germans: activity patterns,
personal control, and functional health. J Gerontol. 1990; 45:P173-P179. [PubMed: 2365973]

3. Rowe JW, Kahn RL. Successful aging. Gerontologist. 1997; 37:433-440. [PubMed: 9279031]

Biol Psychiatry. Author manuscript; available in PMC 2013 May 02.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Eyler et al.

10

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 9

. Depp CA, Jeste DV. Definitions and predictors of successful aging: a comprehensive review of

larger quantitative studies. Am J Geriatr Psychiatry. 2006; 14:6-20. [PubMed: 16407577]

. Salthouse TA. The processing-speed theory of adult age differences in cognition. Psychol Rev.

1996; 103:403-428. [PubMed: 8759042]

. Wilson RS, Beckett LA, Barnes LL, Schneider JA, Bach J, Evans DA, et al. Individual differences

in rates of change in cognitive abilities of older persons. Psychol Aging. 2002; 17:179-193.
[PubMed: 12061405]

. Raz N, Gunning-Dixon FM, Head D, Dupuis JH, Acker JD. Neuroanatomical correlates of cognitive

aging: evidence from structural magnetic resonance imaging. Neuropsychology. 1998; 12:95-114.
[PubMed: 9460738]

. Gunning-Dixon FM, Brickman AM, Cheng JC, Alexopoulos GS. Aging of cerebral white matter: a

review of MRI findings. Int J Geriatr Psychiatry. 2009; 24:109-117. [PubMed: 18637641]

. Kaup AR, Mirzakhanian H, Jeste DV, Eyler LT. A review of the brain structure correlates of

successful cognitive aging. J Neuropsychiatry Clin Neurosci. (In press).

. Meltzer CC, Becker JT, Price JC, Moses-Kolko E. Positron emission tomography imaging of the
aging brain. Neuroimaging Clin N Am. 2003; 13:759-767. [PubMed: 15024959]

Dennis, NA.; Cabeza, R. Neuroimaging of healthy cognitive aging. In: Craik, FIM.; Salthouse,
TA., editors. The handbook of aging and cognition. 3rd ed.. New York: Psychology Press; 2008. p.
1-54.

Cabeza R, Grady CL, Nyberg L, Mcintosh AR, Tulving E, Kapur S, et al. Age-related differences
in neural activity during memory encoding and retrieval: a positron emission tomography study. J
Neurosci. 1997; 17:391-400. [PubMed: 8987764]

Cabeza R. Hemispheric asymmetry reduction in older adults: the HAROLD model. Psychol Aging.
2002; 17:85-100. [PubMed: 11931290]

Cabeza R, Daselaar SM, Dolcos F, Prince SE, Budde M, Nyberg L. Task-independent and task-
specific age effects on brain activity during working memory, visual attention and episodic
retrieval. Cereb Cortex. 2004; 14:364-375. [PubMed: 15028641]

Landau SM, Harvey D, Madison CM, Koeppe RA, Reiman EM, Foster NL, et al. Associations
between cognitive, functional, and FDG-PET measures of decline in AD and MCI. Neurobiol
Aging. 2009

Stern Y. Cognitive reserve. Neuropsychologia. 2009; 47:2015-2028. [PubMed: 19467352]

Logan JM, Sanders AL, Snyder AZ, Morris JC, Buckner RL. Under-recruitment and nonselective
recruitment: dissociable neural mechanisms associated with aging. Neuron. 2002; 33:827-840.
[PubMed: 11879658]

Rajah MN, D'Esposito M. Region-specific changes in prefrontal function with age: a review of
PET and fMRI studies on working and episodic memory. Brain. 2005; 128:1964-1983. [PubMed:
16049041]

Beason-Held LL, Kraut MA, Resnick SM. I. Longitudinal changes in aging brain function.
Neurobiol Aging. 2008; 29:483-496. [PubMed: 17184881]

Persson J, Nyberg L, Lind J, Larsson A, Nilsson LG, Ingvar M, et al. Structure-function correlates
of cognitive decline in aging. Cereb Cortex. 2006; 16:907-915. [PubMed: 16162855]

Gron G, Bittner D, Schmitz B, Wunderlich AP, Tomczak R, Riepe MW. Variability in memory
performance in aged healthy individuals: an fMRI study. Neurobiol Aging. 2003; 24:453-462.
[PubMed: 12600721]

Rabbitt P, Scott M, Thacker N, Lowe C, Jackson A, Horan M, et al. Losses in gross brain volume
and cerebral blood flow account for age-related differences in speed but not in fluid intelligence.
Neuropsychology. 2006; 20:549-557. [PubMed: 16938017]

Hazlett EA, Buchsbaum MS, Mohs RC, Spiegel-Cohen J, Wei TC, Azueta R, et al. Age-related
shift in brain region activity during successful memory performance. Neurobiol Aging. 1998;
19:437-445. [PubMed: 9880046]

Langenecker SA, Nielson KA. Frontal recruitment during response inhibition in older adults
replicated with fMRI. Neuroimage. 2003; 20:1384-1392. [PubMed: 14568507]

Nielson KA, Langenecker SA, Garavan H. Differences in the functional neuroanatomy of
inhibitory control across the adult life span. Psychol Aging. 2002; 17:56—71. [PubMed: 11931287]

Biol Psychiatry. Author manuscript; available in PMC 2013 May 02.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Eyler et al.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 10

Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the
cognitive state of patients for the clinician. J Psychiatr Res. 1975; 12

Bernard FA, Desgranges B, Eustache F, Baron JC. Neural correlates of age-related verbal episodic
memory decline: a PET study with combined subtraction/correlation analysis. Neurobiol Aging.
2007; 28:1568-1576. [PubMed: 16904794]

Daselaar SM, Veltman DJ, Rombouts SA, Raaijmakers JG, Jonker C. Neuroanatomical correlates
of episodic encoding and retrieval in young and elderly subjects. Brain. 2003; 126:43-56.
[PubMed: 12477696]

Grady CL, Bernstein LJ, Beig S, Siegenthaler AL. The effects of encoding task on age-related
differences in the functional neuroanatomy of face memory. Psychol Aging. 2002; 17:7-23.
[PubMed: 11931288]

Grady CL, Mclntosh AR, Craik FI. Age-related differences in the functional connectivity of the
hippocampus during memory encoding. Hippocampus. 2003; 13:572-586. [PubMed: 12921348]
Grady CL, Mclntosh AR, Craik FI. Task-related activity in prefrontal cortex and its relation to
recognition memory performance in young and old adults. Neuropsychologia. 2005; 43:1466—
1481. [PubMed: 15989937]

lidaka T, Okada T, Murata T, Omori M, Kosaka H, Sadato N, et al. Age-related differences in the
medial temporal lobe responses to emotional faces as revealed by fMRI. Hippocampus. 2002;
12:352-362. [PubMed: 12099486]

Madden DJ, Turkington TG, Provenzale JM, Hawk TC, Hoffman JM, Coleman RE. Selective and
divided visual attention: Age-related changes in regional cerebral blood flow measured by Ho 150
PET. Hum Brain Mapp. 1997; 5:389-409. [PubMed: 20408243]

Madden DJ, Gottlob LR, Denny LL, Turkington TG, Provenzale JM, Hawk TC, et al. Aging and
recognition memory: changes in regional cerebral blood flow associated with components of
reaction time distributions. J Cogn Neurosci. 1999; 11:511-520. [PubMed: 10511640]

Madden DJ, Langley LK, Denny LL, Turkington TG, Provenzale JM, Hawk TC, et al. Adult age
differences in visual word identification: functional neuroanatomy by positron emission
tomography. Brain Cogn. 2002; 49:297-321. [PubMed: 12139956]

Madden DJ, Spaniol J, Whiting WL, Bucur B, Provenzale JM, Cabeza R, et al. Adult age
differences in the functional neuroanatomy of visual attention: a combined fMRI and DTI study.
Neurobiol Aging. 2007; 28:459-476. [PubMed: 16500004]

Madden DJ, Turkington TG, Provenzale JM, Denny LL, Hawk TC, Gottlob LR, et al. Adult age
differences in the functional neuroanatomy of verbal recognition memory. Hum Brain Mapp.
1999; 7:115-135. [PubMed: 9950069]

Madden DJ, Turkington TG, Provenzale JM, Denny LL, Langley LK, Hawk TC, et al. Aging and
attentional guidance during visual search: functional neuroanatomy by positron emission
tomography. Psychol Aging. 2002; 17:24-43. [PubMed: 11931285]

Mattay VS, Fera F, Tessitore A, Hariri AR, Das S, Callicott JH, et al. Neurophysiological
correlates of age-related changes in human motor function. Neurology. 2002; 58:630-635.
[PubMed: 11865144]

Stebbins GT, Carrillo MC, Dorfman J, Dirksen C, Desmond JE, Turner DA, et al. Aging effects on
memory encoding in the frontal lobes. Psychol Aging. 2002; 17:44-55. [PubMed: 11933895]

van der Veen FM, Nijhuis FA, Tisserand DJ, Backes WH, Jolles J. Effects of aging on recognition
of intentionally and incidentally stored words: an fMRI study. Neuropsychologia. 2006; 44:2477—
2486. [PubMed: 16757006]

Reuter-Lorenz PA, Marshuetz C, Jonides J, Smith EE. Neurocognitive ageing of storage and
executive processes. European Journal of Cognitive Psychology. 2001; 13:257-278.

Brassen S, Buchel C, Weber-Fahr W, Lehmbeck JT, Sommer T, Braus DF. Structure-function
interactions of correct retrieval in healthy elderly women. Neurobiol Aging. 2007

Colcombe SJ, Kramer AF, Erickson KI, Scalf P. The implications of cortical recruitment and brain
morphology for individual differences in inhibitory function in aging humans. Psychol Aging.
2005; 20:363-375. [PubMed: 16248697]

Biol Psychiatry. Author manuscript; available in PMC 2013 May 02.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Eyler et al.

45.

46.

47

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 11

Langenecker SA, Briceno EM, Hamid NM, Nielson KA. An evaluation of distinct volumetric and
functional MRI contributions toward understanding age and task performance: a study in the basal
ganglia. Brain Res. 2007; 1135:58-68. [PubMed: 17210145]

Stern Y, Habeck C, Moeller J, Scarmeas N, Anderson KE, Hilton HJ, et al. Brain networks
associated with cognitive reserve in healthy young and old adults. Cereb Cortex. 2005; 15:394—
402. [PubMed: 15749983]

. Tessitore A, Hariri AR, Fera F, Smith WG, Das S, Weinberger DR, et al. Functional changes in the

activity of brain regions underlying emotion processing in the elderly. Psychiatry Res. 2005;
139:9-18. [PubMed: 15936178]

Zarahn E, Rakitin B, Abela D, Flynn J, Stern Y. Age-related changes in brain activation during a
delayed item recognition task. Neurobiol Aging. 2007; 28:784—798. [PubMed: 16621168]
Rehman HU, Masson EA. Neuroendocrinology of female aging. Gend Med. 2005; 2:41-56.
[PubMed: 16115597]

O'Hara R, Miller E, Liao CP, Way N, Lin X, Hallmayer J. COMT genotype, gender and cognition
in community-dwelling, older adults. Neurosci Lett. 2006; 409:205-209. [PubMed: 17029783]
Rypma B, D'Esposito M. Isolating the neural mechanisms of age-related changes in human
working memory. Nat Neurosci. 2000; 3:509-515. [PubMed: 10769393]

Rypma B, Berger JS, Genova HM, Rebbechi D, D'Esposito M. Dissociating age-related changes in
cognitive strategy and neural efficiency using event-related fMRI. Cortex. 2005; 41:582-594.
[PubMed: 16042034]

Rypma B, Eldreth DA, Rebbechi D. Age-related differences in activation-performance relations in
delayed-response tasks: a multiple component analysis. Cortex. 2007; 43:65-76. [PubMed:
17334208]

Rajah MN, Mcintosh AR. Age-related differences in brain activity during verbal recency memory.
Brain Res. 2008; 1199:111-125. [PubMed: 18282558]

Stern Y, Zarahn E, Habeck C, Holtzer R, Rakitin BC, Kumar A, et al. A common neural network
for cognitive reserve in verbal and object working memory in young but not old. Cereb Cortex.
2008; 18:959-967. [PubMed: 17675368]

Grady CL, Mcintosh AR, Bookstein F, Horwitz B, Rapoport SI, Haxby JV. Age-related changes in
regional cerebral blood flow during working memory for faces. Neuroimage. 1998; 8:409-425.
[PubMed: 9811558]

Mclintosh AR, Sekuler AB, Penpeci C, Rajah MN, Grady CL, Sekuler R, et al. Recruitment of
unique neural systems to support visual memory in normal aging. Curr Biol. 1999; 9:1275-1278.
[PubMed: 10556091]

Reuter-Lorenz PA, Jonides J, Smith EE, Hartley A, Miller A, Marshuetz C, et al. Age differences
in the frontal lateralization of verbal and spatial working memory revealed by PET. J Cogn
Neurosci. 2000; 12:174-187. [PubMed: 10769314]

Scarmeas N, Zarahn E, Anderson KE, Hilton J, Flynn J, Van Heertum RL, et al. Cognitive reserve
modulates functional brain responses during memory tasks: a PET study in healthy young and
elderly subjects. Neuroimage. 2003; 19:1215-1227. [PubMed: 12880846]

Wierenga CE, Benjamin M, Gopinath K, Perlstein WM, Leonard CM, Rothi LJ, et al. Age-related
changes in word retrieval: role of bilateral frontal and subcortical networks. Neurobiol Aging.
2008; 29:436-451. [PubMed: 17147975]

Gutchess AH, Hebrank A, Sutton BP, Leshikar E, Chee MW, Tan JC, et al. Contextual interference
in recognition memory with age. Neuroimage. 2007; 35:1338-1347. [PubMed: 17355910]
Heuninckx S, Wenderoth N, Swinnen SP. Systems neuroplasticity in the aging brain: recruiting
additional neural resources for successful motor performance in elderly persons. J Neurosci. 2008;
28:91-99. [PubMed: 18171926]

Park DC, Reuter-Lorenz P. The adaptive brain: aging and neurocognitive scaffolding. Annu Rev
Psychol. 2009; 60:173-196. [PubMed: 19035823]

Greenwood PM. Functional plasticity in cognitive aging: review and hypothesis.
Neuropsychology. 2007; 21:657-673. [PubMed: 17983277]

Williams GC. Pleiotropy, natural selection, and the evolution of senescence. Evolution. 1957;
11:398-411.

Biol Psychiatry. Author manuscript; available in PMC 2013 May 02.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Eyler et al.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Page 12

Mattay VS, Goldberg TE, Sambataro F, Weinberger DR. Neurobiology of cognitive aging: insights
from imaging genetics. Biol Psychol. 2008; 79:9-22. [PubMed: 18511173]

Papp KV, Walsh SJ, Snyder PJ. Immediate and delayed effects of cognitive interventions in
healthy elderly: a review of current literature and future directions. Alzheimers Dement. 2009;
5:50-60. [PubMed: 19118809]

Erickson KIl, Colcombe SJ, Wadhwa R, Bherer L, Peterson MS, Scalf PE, et al. Training-induced
plasticity in older adults: effects of training on hemispheric asymmetry. Neurobiol Aging. 2007;
28:272-283. [PubMed: 16480789]

Eyler, LT.; Kovacevic, S. Neuroimaging of successful cognitive and emotional aging. In: Jeste,
DV.; Depp, C., editors. Successful Cognitive and Emotional Aging. Washington, DC: American
Psychiatric Publishing, Inc; 2010.

Smith GS. Neuroimaging in geriatric psychiatry. Am J Geriatr Psychiatry. 2004; 12:551-553.
[PubMed: 15545323]

Kumar A, Aizenstein H, Ballmaier M. Multimodal neuroimaging in late-life mental disorders:
entering a more mature phase of clinical neuroscience research. Am J Geriatr Psychiatry. 2008;
16:251-254. [PubMed: 18378550]

Murty VP, Sambataro F, Das S, Tan HY, Callicott JH, Goldberg TE, et al. Age-related alterations
in simple declarative memory and the effect of negative stimulus valence. J Cogn Neurosci. 2009;
21:1920-1933. [PubMed: 18823239]

Wierenga CE, Bondi MW. Use of functional magnetic resonance imaging in the early
identification of Alzheimer's disease. Neuropsychol Rev. 2007; 17:127-143. [PubMed: 17476598]
Rosen AC, Prull MW, O'Hara R, Race EA, Desmond JE, Glover GH, et al. Variable effects of
aging on frontal lobe contributions to memory. Neuroreport. 2002; 13:2425-2428. [PubMed:
12499842]

Lustig C, Buckner RL. Preserved neural correlates of priming in old age and dementia. Neuron.
2004; 42:865-875. [PubMed: 15182724]

Fera F, Weickert TW, Goldberg TE, Tessitore A, Hariri A, Das S, et al. Neural mechanisms
underlying probabilistic category learning in normal aging. J Neurosci. 2005; 25:11340-11348.
[PubMed: 16339029]

Rosano C, Aizenstein H, Cochran J, Saxton J, De Kosky S, Newman AB, et al. Functional
neuroimaging indicators of successful executive control in the oldest old. Neuroimage. 2005;
28:881-889. [PubMed: 16226041]

Biol Psychiatry. Author manuscript; available in PMC 2013 May 02.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Eyler et al.

Eligibility Screening |dentification

Included

Page 13

256 records identified
through database
searching

20 additional records
identified through other
sources

l

l

276 records

l

276 records screened

143 records excluded:
2 did not use
PET/fMRI, 96

A 4

A 4

contained no cognitive
measure, 36 did not
have a healthy group, 3
did not relate brain
function to cognition, 3
did not include elderly,
3 were reviews

133 full-text articles
assessed for
eligibility

—» 86 full-text articles
excluded: 24
contained no cognitive

measure, 1 did not
have a healthy group,
61 did not relate brain
function to cognition

47 studies included in

review

Figure 1.
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information through the different phases of the systematic review

Biol Psychiatry. Author manuscript; available in PMC 2013 May 02.



Page 14

Eyler et al.

UM UOIIBI3II0 SO “auljaseq ‘s bupoouF
1O "SNJIAB [eju0ly BppIW ¥ Ul (Ne} Jou INg) nw
UNM UOIIBI3II0D SO "aUljased “SA [ENIIIY A

nw Jo sainseaw papaIA
uoINQLISIP SWI} UOIIEeaI
0] pally dAIND URISSNED-X]

pauodal auoN

LI} UONOB3I UBAL Y)IM
UO13e[8.400 JURdIIUBIS
BYdIym ur sjod

annebaN “asreuuonsanb
Buusaios uo
13d  swajqoid yyeay Jofew oN

abuel abe ‘G4, ‘0'T, = abe
uesw :Q ‘z-0z = abues abe
‘IN9:H9 ‘/T'€Z = abe ueaw A

‘usppeiN
se auwes)
CT:0CT A

pue Bulby ‘6661
“Ie 12 O[NI09 ‘UapPeiN

‘abe Jo ssa|p.ebas onel [endiooo/[eiuoly T ul
1189831004 < [[B994P009) ! CQOZ < {va
189381004 "SA [[2294p009 O Ul [end
PRIONRY /2I8H100d 'SA [[8I9POOD A Ul
[ejuo.y paloney ojel [e3di1900/[eIuoiS “[endiooo
Ul (YON < YOS) 1189941004 < [[B93HP00D
10 ![BIUOIY U] [[29Y100d < [|e98HPOOD) : A

‘pajjesal
SPJOM JO JaquINU 10} O =

A ‘sdnoifgns ||edayl00d pue
116994P009) UIYIA “(SpIom
2'2T>) [[e99yI00d pue
(splom '€T<) |[2984P00D
ynm dnoabans pajeald
‘sdnof O pue A UIYIAN

*aqo| [edodwa} jo di} Jougue
pue snJAB ayejnbuld/feuoiy
[eIP3W 813M UOIRI31I09 DFN
1591816 J0 suoifial ‘asIm-]axon
uQ "2qo] [endid20 ul UoIEeI0SSE
SOd ‘snuAB [ejuoly Jouajul

pue ‘ajppiw ‘10uadns ul ayel
210qeIBW Y}IM UOIBID0SSE HIN

‘Burddew opyswesed
1B913S13B1S 8SIM-|8XOA
‘0S|V 'SIOY [e211100 GT

"W/N :(s)senuod ‘sewn

G pajfesal pue ‘yuedioned ayx

Aq pnoje pea. ‘Ajfensia pajussaid
yoes (sa1106a1ed dNURWSS ¢ WOJY)
SPIOM 9T JO SISI| G YNM (LTTAS)
158) BuluIeaT [BQUBA [eLIBS

‘[ewou
Ajaamubo usaias bnip

auun ansod ‘ssaul|l

oure1yoAsd ‘aouspuadap

/3snqe 8ouBlsgns ‘asn

uoIeaIpaW aA1IeoYIASd
'SUOISN|OXT "UOIRUIWEXD

13d Ju1e1yaAsd pue [edlpsiy

T°9T = UOI}eINP? JO SIeak
uesw ‘/8—09 = abuel abe
‘g'g/ = abe ueaw :Q ‘6702
= abuel abe ‘y'eg = abe uesw
1A 31dwesgns ‘45E1INGE
‘18-0z = abue. abe |jesano

9T :0'9T A
10195NS 0S|y
‘(abe J0 apesap

1ad 0T) 02=N

aouewIopad Alowaw
1nyss320ns Buinp AlAnoe
uolfiai ureiq ut Yiys
perejal-aby ‘66T “[e 19
wnegsyong ‘w3 N8|zeH

(YON < yOF) wioysny

g pue ‘sndweaoddiy 7 ‘D4d [eJsie|osiop

g :A ueyl adojs SO aJow O ‘ereriisaid [eipaw
pue [eJodwa) ajppIw Y :0 ueyy ado|s SO4
alow A (N < yOS) aveinbuo souaisod
pue ‘jejuolya.id [eipawosiop ‘uelAjAstiad

Ul SUOIR[B1100 DTN ‘BlellIseIXa pue
[EJU01401q0 Y Ul SUOIIBI31I09 SO O Pue A

awiy uonoesy

"UoIIeA1IRap 31eINBUID BuI|PIW
pue uein|Asiiad Y ‘Jojowaid

7 ‘[eluouyaid ¥y pue uoieAnde
leyuolgaid Joajul g Ul O

< A ‘(uoneAnaesp pue uoleAnde
100) 81eLISeIXS Y pue
uoljeAlloe [eyuolgaid [eialejosiop
T UL A < O :S19913 [[eI8n0

sisAJeue ufeiq 8JOYM

‘sAejap BuLIBJIP JO 198119
auIWexa 0} pasn sisAjeue sarenbs
1589 [ened Yo./3u00 JojowIoSuss
‘SA Alowauw Bulyiom 1senuod
*(a1dwres-03-yorew pakejap)

S30B} 10} Yse} Alowsw Burop

‘uonouNy
urelq 19ae bW 1eyy
17221PaW IO S3seas!
13d M 8s0u} papn|ax3

4SINTT ‘9T

= UOI}INPA JO SIedA uesw
‘99 = afe ueaw :O ‘4EINOT
‘9T = UOI}eINP3 JO SIeak
ueaW ‘Gz = abe ueaw : A

9T O ‘€T A

$90®} 10} Alowaw
Bupyiom Burinp mojy
poo|q [eiqalag euoibal
ur sabueyd parejal

-abv ‘866T “|e 18 Apeio

'snIAB

|eJodwsa) Jouadns ‘aye|nbuld JoLgiue ‘ensul
'snIAB [esodwa) fe1paw g ul (N < YOS)
1Y Yim uone|alod 93N ‘9 vd T pue

ago| [eralted Jouadns g ul Aiuw = d._OZV
1Y YNM UONBJ3LI0d SO -[2AUSD

‘SA papini@ ‘sniAB [ejuoly Jouadns auljpiw
‘ledodwa) Jouadns Y ‘snuAB esodws) jeipaw
aul (N < YDS) LY UM UONE[31100
93N ‘Xa109 [elodwa) JoLajul ] ‘WN|[83ga1ad
‘eaured Jouadns Y ‘feyuoly 1 (g < WON)
14 YNM UOIBI3II0 SO “aMISSEd "SA PapINIg
O 'SnJAB [eiuoy Joriadns ¥ Ul UOIR|81I0D
93N ‘ledodwalondidgo 7 pue [elsried Jopadns
1 U1 UOIIBIBLI0D SO 184380 "SA PapINa
‘[eJodwa} 01I3jul g pue [BIUOLY Y Ul UOIR|91I0D
93N ‘snuAB 1endio20 Jouspul pue ‘ajenbuld
Jougue ‘felalted Jouadns Ul 1Y yum
UOIR[B1I00 SO -NISSEd "SA PaPINIG ‘SNIAB
[euoly a|ppiw pue [eiodws} Joradns Y ul 1y
UMM UOIIRI3II0d DTN [BNISSBL “SA [EAUBD A

B
uooeal Ues|y

‘eInsul T Ul A < O ‘SnJAB [ejuouy
3|pPIW T UI O < A :SUOIEAOR3P
‘snJAB [euouy alppiw o ‘snIAB
[ewuoy Jonadns 7 ‘areinbuid
Jousiue Ul A <O ‘8T Vg

Ul O < A :SUOlfeAndR yeAus)

SA PapINI ‘O = A ‘SUOIIRAIOR3D
‘snIAB [ejuouy ajppiw

710} A < O ‘snIAB wioyisny

g 10} O < A :SUOIRAIDR .8//SSEd
S/ papinig ‘sniAB [eluoly a|ppiw
Y 10} O < A :SUOIBANIRAP
‘aye|nbuld Jousue J0j O <

A ISUOIIRANDR "3//SSB SA [2AU8D

184UBD SA PapING
‘dNISSES SN PAPINIQ ‘dNISSES SN
1843u80 (s)isenuo) ‘(Aeite 1ans|
6 Ul a1aymAue s1ania| 10bJe) omy
10 3U0 10} %00]) papIAIq ‘(Aelre
10 J3JUa2 Ul s1ax9| 1961E) Z JO U0
10} %00]) [esua) ‘(ssaid uonng
ajeulalfe pue Aelre 1ans| 18 400])
AAISSe( :SYSE) UonuaNe [ensIA

‘saljIfewIouqe
Jeanyonus 1o Aydoue Aue

10 931} YN "A10jusAul

uolssaidap 329g uo G >

pue gz< JO ISINIA "wexa
Buiusaios o160joinau

annebau “aireuuonsanb

Buiusalos uo

13d  swajqotd yyesy Jofew oN

uolyeanpa AJepuodas

-1s0d awios paya|dwiod

pey |[e 42T:INCT ‘2.-09

= abues abe ‘G'G9 = abe uesw
10 'H0:INZT ‘82-T¢ = dbuel
abe ‘gg g = abe ueaw : A

[AR{CIrARIN

13d Aq painseaw mojy
poojq [eigais0 [euoifal
ur sabueyo pajejal
-afy :uonuane |ensia
PBPIAIP pue 8AINd8|8S
‘L66T “'[e 19 UsppeiN

“gINSUl Y Ul |[edal YyIm Aiuw = d._OZv
UOIR[31100 HFA :PaUIqWId O pue
A U1INg ‘suoie|a1iod Juearyubis-uou Ao

Aoeindoe |[edas pakelaq

(13d

ZONI:AONI< 134:0)
X809 [ejuouyaid 7 ‘snaundaid
/snaund ‘(L34 S ON3I tA

‘134 < ONJ :0) Xau02 [endidd0
134 ‘gnsul g A < O (13
ZON3:0 ‘ON3I < 134 :A) 8jod
[ejuoly [e1paw 13y ‘are|nbuid
Joigyue Jousyul ‘(ON3 < 134 ‘0
‘134 < DN :A) Xau09 |eljodwa)
7 ‘aye|nbuid Jouaiue Joadns

10 < A-feAaLial 'sa Bulpoous

118931 *SA UOIIUB0IBI
pue/eAaLias 'sA Bupoaus

0} AIIR[a] SaoualayIp dnoib

abe Jo sisAjeue sasenbs Jses|
|erued :(s)isenuo) 'sired piom

10 (Jenainnal pue uoniubooal yioq)
leAaLyal pue Buipoaus d1posid3

‘440

193)J€ PNOI Jey} UONIPUOI

10 UOIIRDIPAW JO 3sh

10 ssau|1 oL3eIYdAsd Jo

13d  [edtbojoinau jo Aloisiy oN

09T =

uoI¥eINPa SIeaA UBAW ‘4/:ING
‘G/—/9 = abuel abe ‘g, = abe
ueaw :Q :g’/T = uolreanps
sIeak ueaw ‘49:N9 ‘TE—6T =
abuel abe ‘9z = afie ueaw : A

[AR{OIARIN

Apnis

AydeiBowio) uoissiwa
uosnsod Vv :JeAatiial
pue Buipoous Alowsw
Burinp AnAnoe Jednau
1 S90UBIAYIP Palelal
-3bv '/66T “|e 10 Z3gRD

(s)198443 10 UOIIL410D JdURWIIOMA]
/55900NS

uoleUIWIaIdQ
90UBWI04Iad
/85900NS

uonouny
ureag ui (s)aouaaylq aby

paulwex3
(s)uoibay
ureag

paisal whipeed

Buibew|
j09dA1

JAuyesH,,
10 uomuyaq

syuedionied
10 sonsLIBIoRIRYD

syuedionied
10 JaquinN

uonend

'S3IPNIS PAMBIASY /4 Ul 80UBLWIOYIad 8ANIUBOD pue asuodsay urelg JO UOIRIDNSSY 0] JUBAS[RY S)NSay pue sonskaloesey)d Apnis Jo uoday [eaibojouoly)

NIH-PA Author Manuscript

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



Page 15

Eyler et al.

‘pouiad asuodsal sy} Burinp uoneAnode
[eju0.a1d [137R|0SIOP PUE | ¥ JO UOIIR|31I09
SOd ‘A ”?&OZ < {va pouriad asuodsal
3y} Buninp uoijeAnde [eluolyaid [esajejosiop

pue | Y JO UONRIBLI0I DIN O SIaXT £ [V

‘3wl uonoeal ues|y

‘sjuawiadxs

33143 |[e Ul UoIIPUOd peoy ybiy
ui poisad asuodsal Burnp xa109
|ejuouyaad [2181R|0SIOP Ul O < A

‘sasaydsiway Y pue |
SS0.10e vmmm‘_m>m X809
[eyuosgaud (L pue G

‘i seale s,uuewpo.g)
|eJayejoiuaA pue (91
pue 6 Seale s,uuewpolg)
|esarej0sioqg

‘ulfaseq
'SA polLiad [eAaLIa] ‘ulfaseq

'SA poriad douruduew ‘aulaseq
'S/ porsad Buipoous :(s)isenuo)
‘(¢ dx3) »sey ojdwes 01 yorew
leneds+193[qo o [eyeds 1o 195(qo
parejal-1uanse {(z pue T dx3) peoj
Aowsaw (s18n9] 9) abue| Jo (s1ans|
2) 1[ews © yym sey asuodsal
paAe[ap [eqlan paje|ai-lusng

‘0T

> AI0jJusAul uolissaidap

299 pue 92 < IS

pue BIIUSWP JO 0UBPIAD

ou pey O "uonedIPaW

uonduasaid Aue

10 ssau|1 o1reIYdASd Jo

14NS  ‘[ea1Bojoinau ‘Jealpaw oN

89T

= UOI1BINPa SIedA ueaw ‘4
IINE ‘T2-99 = abuel abe :0
{G'GT = UOIBINP? SIedk uesw
‘42 NV ‘62—0¢ = abuel abe
‘A -€ 'dX3 !§'¥T = uoneanps
SIeak ueaw ‘4¥:INZ ‘€8-GS

= oburl abe :Q ‘sieak 9T =
uoIeINPa SIL3A UBSW ‘HE:INY
‘9z-6T = abuel abe : A -z
*dx3 {9°/T = uoeanps siesk
ueaW ‘4€:NE ‘z8-T9 =abuel
abe {0 ‘¥'GT = uoieanpa
sleak ueaw ‘4E:NE ‘0E

—12 = obues abe : A -T 'dx3

Alowaw Bunjiom

uewny ui sabueyd
pajejal-abe swisiueydow
[eanau 8y} Burye|os| ‘0002
‘oysods3,g pue ewdAy

'SUOITe|81102 JuedHIUBIS ON

‘[eneds ‘eale Jojow Areyuswajddns [esare] Ya)
UOIIR[31100 HFA ‘311S0dW0D YIM SUOIIR|31I00
weaiubis ou A (N < WOS)

520019 7 YIM [ ¥ JO UOIR|31I0d DIN

‘(WON < WD) sl0d Jouaisod 7 'sjod

T 112 Ym 31sodwod 81095 Z JO UOLIR|31I09 SO
0 :[eqiaA :dnoub ajoym WIN = VIS :Jeireds
*(esaieqiq y1oq) Anfelae] ease sea0ig ul

WVON = VS :(Ajuo Y = YON ‘[esale|iq = ¥OS)
X310 [ejuoljald [esalejosiop Jo Aljelale] o
STUNON < YOS IS UeIpaw 1Y ([egian

"3WI} UOIIBAI UO Paseq
111ds ueipaw e Buisn sisAjeue
leuonippy “Ajsesedas

953U} JO YIea Se |[am

se '1991109 JuadJad 10} 3109
-Z 9y} WOJJ Paloe.gns s
uooeal abelane 10) 8109s
-7 10 ainseaw aysodwo)

‘(eate 1010w

Areyuawajddns Y - uoifaigns
auo ul uass Ajuo usened Joexa
siy3 ybnoyye ‘o ur 1=y ‘A

u1 7 < ) SIOY JOLIBJUE |[e SSOJoR
d pUe 7 Usamiaq aoualaip

‘0 < A :[eneds ‘(ease seoolg

- uo1Baigns auo ul usas Ajuo
ulaped j9exa siy3 ybnoylfe ‘O ul
¥="T AUl <) s10Y Jousiue
| SS040e ¥ pue T UssmIag
Q0UBIBHIP 10 < A :[eGIIA

's|0Y [1e pue ‘Jouaisod
‘10113)UE 10} paje|ndfed
81095 doUBIAYIP
Aujesare| ‘suone|aliod
104 's]0Y Jouisod
pue JoLIBUE OJUI
PBPIAIP ‘ainjesdll] wody
S10Y [elere|iq (feneds)
86 pue (jequan) 68

‘yorew [eneds

aeIpawILl *SA Yoyew [eljeds
Pafelaq ‘Yorew [eqan ajelpaLLl
'S Yojew [equan pafelaq
:(s)1seU0D ‘syise) ajdwes 0}
yoyew pake|ap [eneds pue [eqiaA

‘dnoib A mojaq st

< douewloyiad [erreds

pey J1 sisAeue wouy

papn|axa siuedionted

O "UOISIA [ewiou

0] P31981102 10 [ewou

‘salI0)s1y [e2160]04nau

13d annefau ‘papuey ybry

9T = UOIJeINPA SIeak ueaw
‘e/-29 = abuel abe ‘y'/9

= abe ueaw :eneds ‘9T =
uoIeINPa SIEaA UBSBW ‘G/—29
= obuel abe ‘6’69 = abe uesw
‘[eQUAA O ‘GT = UOIIBINPA
sIeak uesw ‘Gz—8T = abuel
abe ‘g1z = abe ueaw :eneds
‘INO:48 ‘ST = uofesnpa sieak
uesl ‘0g-Tz = abuel abe
‘e'ez = abe ueaw :[eqlan : A

0T
10 ‘0T :A ise)
[eneds 9T :0 ‘8
SA Dfsel Jeqlia

13d Aq pajeanal
Arowaw Buryiom
|eneds pue |eqan Jo
uorez|esale] [eyuoly ay}
u1 saduaJIapIp aby ‘0002
[e 19 ZUal0T-JaNay

‘SuonIpUod
IS1 USBMIS] S0UBI3YIP parenius)ie pue
ansoddo : A “anoqe 01 pasedwod uisned asianal
S| BuoT X809 [euoiyaid [eipawosiop
pue snwejey Jouasod ul Aiuw = d._OZV
UOI7R[31100 SO ‘Tend1990 [esiop pue [eJodwa)
ul (N < WOS) PIousaiy) uoneuILILISID
UM UOIR|31109 9TV :ISI Hoys :Ajuo

O "an0ge 0} patedwod usened asianal :|S| Buo]
‘[eJodwaiolajul pue [ejuosgaid Josyul ‘winjers
i} 9&0@ = d._OZv U01e|81109 SO ‘[endidoo
ul (YON < YD) PIOUSaIU} UOHRUILILISIP
UHM UOIR[3L0d 9T :IS| MOYS O pue A

(18maq s1 Jamoy)
PIOYSaIY} UoIRUIWLISI]

(paulwexa sulayed Joineysq
-urelq Ajuo) papodas suoN

sisA[eue ufeiq 8JOYM

(BunoA

'sA pjo) dnolb pue suonipuod
1S1 paysinBunsip 1o 0} UOWILLOD
919M JeU) SUOINR[31102 JOIARYS]
-urelq Jo asenbs 1sea [erued
:(s)isenuo) *(sdnoib ussmiag
A9e1ndoe/ANo1Ip Yyorew

01 Bunsalaid) urede (S| Buoy)
29s5W 000y 40 (IS Hoys) dasw
006 Jayua pajussaid sbuiesb
9ABM 3UIS OM] U9aMIaq Aouanbaiy
lerjeds Jo uoneUIWLIOSIQ

1531 AJe|ngesoA e pue
JSININ uo abuel [ewlou
13d u1 pue yieay poof uj

6/-09 = abues abe
‘Go = afe uesw :Q ‘0€-0Z =
abuel abe ‘gz = abie ueaw : A

6:0 0T ‘A

Buibe

Jewuiou Ul AJowsw [ensiA
yoddns 01 swaisAs [einau
anbiun Jo swiNIeY
‘666T "'[e 19 USOION

OQOZ < {va suoifal Jousisod

|BIBASS Ul SUOIR|31I0d DFN éq.uw = d.ozv
SnJAB [eluouy a|ppIw Y Ul UOIe|a1l0d

SOd O ‘snJAB [ejuo1y 3|ppIW ¥ Ul UONR[31I0d
SOd A :UORIPUOD [eA3LI13Y pue auljaseq
xd.uw = d_ozv SnJAB [eiuoly a|ppiw

o pue snIAB [edwesoddiyesed Yaj ur soualayIp
4901 YIM 90UaJaKIP 1Y JO UOIe|a110d

SOd 0 :uoiipuod Buipodu3 pue auljaseg

*SUONIPUO duljaseq
pue [eyuswIRdXe UsaMIag
30UBJRHHIP AW} UONIRSY

"Xa1109 [eyuosyald g ul A <

O ‘SNWefey U O < A :auljaseg
SNUIW [BA3LIISY ‘SnWwefeyl Ul

A < O :auljaseg snuiw Bupoous

‘4901

jueaiyubls Jo suoibal Jo
BUWIXEW [20] 1€ San[eA
10} AJuo sisAjeue ssadons
‘sisAeue urelq aJoymn

auljaseq
‘SN [BASLIJ9Y PUE 8UI[aseq “SA
Bbupoouz (s)isenuod ‘(uswbpnl
uoniubooal ou/sak) [ensiay

pue ‘(quswbpn( uoirezifended
'palsal 8¢ JOU |[IM SPIOM Jey) pjo3)
aurjaseg ‘(quawBpnl Buialjuou
/Bul. euonusiul) Buipoou3
:uonuhodas pue Bulures)

PIOM 10} SUOIIPUOD 3{SE) 881y |

‘saljIfewiouqe

10 9313 4N "A10JuaAuL

uoissaidap ¥deg uo 9 s

pue 8z= J0 ISNIN "wexs
Buiusalos a160j0Inau

annebaN -alreuuonsanb

Buiusaios uo

13d  swajqold yyeay Jofew oN

"Jooyas ybiy paysiuty
pey syuedioued [fe ‘6.-29 =
abuel abe ‘|NG:4. ‘0'TL = obe
uesw :Q ‘6g-0¢ = abues abe
‘N9 49 ‘2T°€Z = 8be uesw 1A

(AR IrARIN

Alowsw

uoniubogal [eqlan Jo
Aworeuroinau [euonouny
aU} Ul SRQUBIBIP

abe )Inpv ‘666T “'|B

19 uoBUBYIN ‘UsppPeIN

snJAB [esodwia) as1aAsUel} T Ul Ne} pue

NW Y30q YIM pue ‘snaund Y Ul ney ym ‘ajngoj
[e3a1ied JOLIBJUI Y Ul NW YIIM SUOITR|91I00
93IN ‘0T g ¥ Ul nel yum pue sniAb

[€3U0.} BIPPILL Y Ul NW YIIM UONR[B1I00 SO
‘auljaseg “sA [eralay ‘sniAb redwresoddiyered
7 pue snJAB [ejuoly a|ppIw Y Ul ney

*(11e3 “usuodwiod

Jenuauodxa ay Jo ueaw) ne}
pue (abpa Buipes| “usuodwiod
UBISSNES) 8 JO UBSW)

'666T "'[e
19 ‘uoibuniin] ‘usppen
Ul PaAIasqo usaq pey

‘auljaseg
‘SN [eAS1419Y PUB 8UJjased ‘SA
buposuz :(s)isenuo) ‘(uawbpnl
uoubodal ou/sak) [ensrlay

pue ‘(uawbpn( uoiezifended
‘palsal aq 10U |[IM SPIOM Jey) pjo3)
auljaseq ‘(quawbpnl Buialjuou

ewiouqe
10 981} YN “A10jusAul
uoissaidap Xdeg uo 9 s
pue 8¢< JO ISININ “wexs
Buiusaios d160j0Inau

"Jooyds ybiy
paysiuly pey sjuedionred |1v
‘0’7, = abe ueaw ‘6/—z9 =

(666T “I®
19 ‘uojbuInL

suonnquisIp swn
uoroeal Jo sjusuodwod
UMM pajeldosse

MO} POO|q [eJgaIad
Jeuoibai ui sebueyd

(5)108J3 10 UOIIR[81I0D) S0URLLIOLIS]
/85900NS

uoneuIWIBRg
80URWIOLNAd
/55300NS

uonoun4
ureag ui (s)asusiaylq aby

paujwex3
(s)uoibay
ureag

paisa) whipeted

Buibew|
JoadAL

JAuiesH,,
40 uonuysqQ

syuedionaed
J0 so1sLIBloRIRYD

syuedionied
0 J3quinN

uonend

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



Page 16

Eyler et al.

(yON < v09)

A wouy juaiapip Apuesiyiubis

10U Sem Jeys ‘uoifal 1y} Ul UoIe|31I0d
SOd WuedIubIs-uou ‘|lews :Q ‘e)elis

*S|9XOA [el0dWd}

101I34U1 W] puR B1eLIS YB| By}
10} SBN[BA JUNOD PAZI[BWIOU
pue 1Y pazipJepuels

*ajel Uoljejuasald 1o uoneinp
10103443 U1 S90UBIAYIP bk oN
‘(L€ vg) Xau02 [eJodwa) Joajul
Ul A <O ‘XaM09 [ejaLied Jo
uoleAIIoesp pue (LT \g) Xauod
9JeLI1S 7 JO UOBAIDB Ul O < A

ESLETTE]
abe J0 eWIXRW [€20] UL
Pa1onpuod Ajuo sasAjeue
$s929ns ‘sdnoifb abe jo
uosiiedwod 10y syseu se
pasn synsal dnoub a)buls

‘9)el uoeasaId

Buoj 'sn uoisIaap [ealxaf

ajel uoneussald 1oys ‘uoneinp
LI0YS "SA UOISIIaP [8IIX3] UONEIND
buoy ‘uonipuod (Yotess [ensin
o1dwWIS) apUBLISSUOU *SA LUOIIPUOD
UoIs198p [8a1x397 :(S)1seuod
'sajel uoljeuasaid pue

UOIRIND JUBJBHIP JO SUOIIPUOD

€ UM (UOIFRUIWILIOSIP PJOMUOU

‘Aljewlouqe
61s no ajni
01 pamalnal I4IN L2 =
JSININ "adreuuonsanb Aq
paulwialep ‘(A19bins Leay
pue ‘|IN ‘VIL ‘8johs “ulw
G < $$9USNOIISUOD JO SSO|
yum Ainfur peay ““6°a)
SIUBAS [eDIpaW JURdIIUBIS
snoinaid Jo swisjqoid

GL9T

= uonedINps ‘'49:N9 ‘0L
—z9 = abuel abe ‘0’9 = abe
ueaW :Q ‘/9'GT = UOIIRINPd
‘49:IN9 ‘6202 = 8buel

13d Aq AworeueoinaN
Jeuonouny
:UOIIRIIIIUBPI PIOM
[eNSIA Ul S30UBJBJIP
abe )Inpy ‘2002

7 Ul 4924 UIM 1Y JO UOIR[BII0I SO ‘A U33MJaQ SUOIIR|21I0d UDSIBad  :dul|aseg SNUILW UOISIIap [edIXaT] 'sisAeue urelq aJoYymn /PIOM) 3{SE)} UOISIIAP [edIXa] 13d U3esy Jua1nd oN abe ‘gg'eg = abe ueaw : A 2T:0'2TA ““[e 13 Aa)BueT ‘uappen
‘sisA[eue
abe 10y passasse os|e aA/sod SA
anlebau pue yeanau ‘sh arIsod
*Aluo dnoib O 1 abe yum ‘1eInaU “SA aAnEbaU ‘auleseq
'snIAB ‘SA [BAINAU ‘3UII3SEq *SA aAIjSod 'SuondJeUL
ledwes-oddiyesed pue ‘(sa)B6ue10a1 J0 8Z1S aANe|al |ejuspIoul Jo 831} 1Y
‘(11evas sndwea-oddiy ‘efepbAwe Buibpnl) suiyaseq “sn antjebau 2L 492 108))e p|nod Jeyy 0°9T = uoneINpa 14N} Aq pajeanal
‘suofje|a1iod 2InB1y pue ‘[jedal plom g :0 < A :UORIPUOD [eN3N Ul pa)oNpUod sasAjeue :(S)isenuoD ‘92UdeA [eUOROWS SUONEIIPAW ON “MBIAIIUL sIeak uesw ‘z/—z9 = abues Se 908} [BUOIIOWS 0}
eayIubis ou t A xiOZ < iowv ‘Buryew-jren ‘joquwAs ubip)  ‘snIAB JejnBue Y ‘sniAB enbull ¥ $s829Ns ‘sdnoJb abe jo lesnau Jo ‘(Addey) annsod uo paseq asnge joyooje  abe ‘49:IN9 ‘2’9 = abe ueaw sasuodsal aqo| [eiodwiay
(quearjiubis Ajfenpiapul [[eda) piom Ajuo) s1sa) [ealBojoyoAsdoinau ‘snuAB Jedweooddiyesed 4 :0 < uosiedWOd Joj SySEW Se ‘(Bunsnbsip o A1bue) annebau 10 Bnup Jo ‘saseas! 10 ‘8'GT = uoneonpa sieak [e1paW 83 Ul S30UBI3HIP
sndwesoddiyeled ¥ JO UOITRAIIOR [|RJBAO pue 1noy 4o Jusuodwod A :UORIPUOY 8AINSOd ‘elepBAwre pasn synsal dnolb a)buis Yum saoey Jo Japuab ayy Buibpnl oureIydAsd ‘saseasip ueaw ‘49:\9 ‘9€—6T = abuel parejal-aby ‘2002
yoAsdoinau [eqo)h ussmiaq UoIe|81I03 SOd ‘0 ledioutd 3s114 8Y3 UO 81093 7:0 < A :UonIpuod sAnehaN :sIsAJeue ureiq 8oy :uondaaiad aoey [euonows I4NS  [eaiBojoinau jo Aioisiy oN abe ‘7'z = abe ueaw : A 2T:0 ‘2T A “le 19 epe)O ‘eXep
‘3<d:0™<IA)
are|nbuld Jolsiue pue [eyuolyaid
Ul O < A-UORIUB0ISI SN
buiposu3 “1eyuolyaid |essye|osiop
¥ Ul O < A Xau09 Jojowsald
pue [esodwa} Jougiue 7 UL
A < O-uonuboasy “(uoniuboaas ‘Jenatial
'SA BuIpoaus J0 15e1juod 'SA BUIPOIUB ‘[04JU0I “SA [BASLIE]
. Ul PaWLIIJUOD) SPJOM PapodUd ‘1043109 *SA BUIPOIUS UM
w:o_mmhhwm_w_mwwxw cu&mm%mqu ME(MO_%LV_ Aimojreys o uoniubodas pue payeroosse susaned Jo sisAjeue
vollo MBQEMQS:M m.%Q .mco_mw._ ) Buipoaua mojreys Bulinp suoibal salenbs 1sea] [eied :(s)senuod
_ﬁ“ us -l } JoL8Isod 1 1hal ¢ 3saYI Ul O < A ‘sNyL ‘O ul "$Hse) uonubodal 8210yd
reuoyeid 7 uIm (YN < 7OS) uonealiod 013103 *SA 098 PUE [eUORUSIUI -paoioy panjoaul sseyd [enstay
S0d :Bulpoaus [ejuspioul deag 10 pue A og ysinBunsip Ajuo A ut (sniAb *(wuawBpnl ssaujuesea|d yim "abuel [ew.ou /'GT = uoljeanpa Klowaw a2e} Jo
'XaJ09 [ejuougaid ¥ pue [endiodo pue fesodussy ayenbuid ‘o10wsald 7 ‘feuosyeid |eauapioul quswbpnl uoneuaLIo u1 A1ejngeaon pue ISINN sleak ueaw ‘4G:N9 ‘6/-29 Aworeueoinau feuonouny
Jouzisod g ul OQOZ < {va Aoeinoge yum q) /043102 A uolIuboaI |[e UL [eJuapIoul ‘[euoiualul Sjans| {I4IN UO Ssanifew.ouge = obues abe ‘0, abe uesw 3y} ul S3oUBIAYIP
UOIIB|31103 SO O ‘a10d [eJodwia) ] ‘Xa109 pue (efepbAwre 7 pue jeyuoigaid ¢) Buipoaus Bunnp uone|ndiuew 0ou ‘uonouny ureiq 10 ‘LT = uoneosnpa sieak parejal-abe uo
leyuolgongio ‘sndwesoddiy g ur A9einade ypum *Koeanaoe uoniubooal 10L134UI) J043103 *SA BUIpOIUS Buissaooid Jo sjanaT "Saoey 10} 109448 Jey) SUONeDIpaW  UesW ‘49:N9 ‘82—0Z = abuel >se) BuIpooua J0 108449
UOIIB[31I03 SOd A :uomuboday pue Buipodug  Jo sisAjeue alenbs ises| [ented 11e ysinBunsip yeyy suoifia uresg sisAeue ureiq aJoyMm leAsinal pue Buipoous o1posid3 13d 10 Saseasip ON abe ‘g’z = abe ueaw : A TT:0 CT:A 3yl ‘200z “1e 18 Apei
‘leyuolgaid JoLIglUe Y| Ul YON = A 1881 ‘Mol JND B

< VDS ‘[ewolgaid Jousiue 1ybu Ul YOS = YON
> A ‘Teluoiyald [esare|osiop Y Ul WYON = VYOS
< A ISBAUOD [[931-92IN0S ‘[J3IR|0IIUBA P3|

BuusesT [egiaA eIuIoyED
pue 8]eas AIOWSIN 3|SYIaM
WoJj SIS3)ANS JO 21008

‘dnoib

J1828: *SA A10ww
824105 pue AIoWaw 92.1nos “sh

poo|q [eigalad Bunoaye
UOIHPUOD [ed1PaW
UMM 1O UOIJedIPaW Uo

—e9 = abuel abe ‘6’69 = abe
uesW yON ‘4v:NY ‘8.-19
= abuel abe ‘g9 = abe ueaw

synpe Jap|o u Buiwiopiad
-ybiy ur Ananoe
(8 ureq Asoresuadwion

I'YDS < WON = A 'Tewougaid [esaje|osiop Aiowsw 811s0dwiod uo paseq aInus Aq pe1eAnde /23y :(S)ISenuo ‘spIom paipms auoN "Aloisiy oupelyoAsd DS ‘4S:INL 'Se—02 = dbuel 2WON ‘8 :1WDS) :AlInga0eib Buiby
T UL'YON = VDS < A :ISBAU0D 32IN0S-|[203Y WON 'SA YOS 0JUl papIAIg payodal auoN suoifal [ejuouyaid Apusdal oy Alowsw d1posid3 13d 10 2160j0INBU ON abe ‘g’z = abe ueaw : A 9T:0 ‘2T A ‘2002 “'[e 19 ¥ BZageD
‘dnolb A

"X8100 [ejuoiyaid [eis)e|osiop ¥ Ul

‘B3l 10 < A ‘L pUe OF seare
[eonied Y ‘v eae Y ‘Xali0d

'0002
‘[ 18 ZUBI0T-43IN3Y

Yoyew
[8QI8A SIBIPBLULLI “SA YIqew!
18G19/ pafelaq :(S)isenuo) ‘ysel

MOJ30 QST < sduew.opad
leijeds 41 papnjoxa
sjuedionted O “uoIsSIA
81031109 10 [ewiou
‘sal0)s1y [e2160]0Inau

40:NZT
‘2,19 = abues abe :0 ‘40

(s1sAJeue ssa2ans
104 0002 |2

10 ZUBJ0T-I3IN3Y
wouy syoalgns
UMM pauIquiod)

sassaooud

9AIINJBXd pue afelols

10 Buisbe aAniubosoInaN
‘(zv) T00T

OQOZ < {va 1d yum uonejslod 93N -0 aWI} uooeay Jejuolyaud [el8le|osiop H (A < O 40 S)|Nsal uo paseq S|0Y a)dwes 01 yorew pakelap [eqiaA 13d annebau ‘papuey by INZT ‘0-6T = abuel abe : A 210 2T A “|e 18 ZUa107]-18IN9Y
uoleuIWwIa1dQ paujwex3
(s)108443 10 UOIIL[B1I0D BOURLIIOLIA] aouewI0)Iad uonoun4 (s)uoibay Buibew| JAuesH,, syuedionaed syuedionied
/55920NS /55329NS ureag ui (s)aouaiayiq oy ureag paisa) whipeaed J0 adAL 0 uonluaq J0 so1sLIBloRIRYD 0 J3quinN uoinen

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



Page 17

Eyler et al.

[eAd1113Y "0 AIOWBIN [BWION Ul UOIIeZI[RIa)e]
1a] ssa] Ajybiis “Jasn|o fedweaod
feutyusd ul (N < WOS) O Alowsin
paonpay < O AIOWSIA [ewloN = A :Buipooug

uo sauewopad Jay1BYm

uo paseq O Alows\ [ewIoN
SNSIaA O AIOWBN paonpay
out sjuedoned O papIAId

pauodal auoN

sisAJeue urelq ajoym

‘(ssaud uonng ybLI/Ya])

S} 8UI3SE] UM paxiwaul
‘(suawibpnl ssaujueses)d) spiom
104 Buipooua a1posida [eyusprou|

juawureduwi jeaiBojoyoAsd

Jojpue d160]0Inau

ou ‘suorjealpaw

14N} aAnoeoyodAsd Buiel auoN

abues abe :Q ‘6'G = (ajeds
uiod /) 8109 UoIIEINPa
‘40'NLT ‘Ge~0€ = 8buel
obe ‘7°zg = abe ueaw : A

Ul [eAdi3al pue Buipooua

*snJAB appiw T pue snIAB

[ejuo.y JoLIajul Y Ul AJowsw |[edal aelpaLul

Unm pue ‘LA [ejuoly a|ppIW pue JoLIajul

7 ur Alowaw Bunjiom yum A{OZ < {va

UOI[31I09 SO 1O ‘arenbuid

7 u1 Aowaw BUIOM Y)IM UONRI3II0D SO A

*afpajmou pJom ‘uolyeanpa
‘Buruoseal ‘Alowsw Burjiom
‘paads Buissadoud ‘|[essl
AK101s pakejap pue ayelpawiwi
‘snyels [ejuaw [etausb :jo
sainseaw [ea1fojoydAsdoinaN

(oury="7'Au
H < 7 :|[eJ8A0) UOITRAIIE [eJUOL)
a|ppiw pue Joladns 7:0 < A

uAB

a1e|nBu1d pue [ejuoly
JoLiajul ‘alppiw ‘Jopadns
g :[enpIAIpUI Ydes Wouy
S301[S ¥ U0 Pages) S|0Y
Aq paysew dnolb yoea
ul sisA[eue urelq ajoyA

"BUIPOIUS IIJUBLISS-UOU *SA
1UeLAS (S)ISEU0D "SUOISIIap
(9se2.19M0f S/ asealaddn)
91UBWSS-UOU 10 (28909

'SA JopAISge) J1URWAS JaY)a
Burinp Buipoous piom [eusplou|

‘SaljIfewIouqe
|ea1BojoydAsdoinau

ou pue

uoleuIWexa [e2160]0INaU

pue [ed1paW pey pue

Apnis s18plQ snoibiay

3y} WoJj a1am Q ‘ssaul|l

14IN4  [ediBojoinau jo Aioisiy oN

§'/T = Uoljeanpa
sIeak ueaw ‘4ET:NZ ‘28-G9
= abuel abe ‘G'9; = abe ueaw
10 !2'9T = UoIeINPa sIeak
uesw ‘HZT:INE ‘2€-2¢ =
abuel abe ‘g'gz abe ueaw : A

‘6T :0 Alows 21posida JO Sale|a1I0d
|ewloN) |ediwoyeue0INAN
Ov:0‘.T:A  '€00Z “[e18 NS Jeejaseq
$300|

[euoly sy} ul Buipoaus

Aiowaw uo s}oays buiby

STIO'ST:A ‘2002 “'[e 18 sulqgals

‘paniodal

10U sabuey s1s8) Alowaw
1noy uo 3931109 uoniodoid
uo jualaylp Bis sdnolh

'suoifal ¢ |[e u
A = VON "Odd Jouiajut ybu ul

*(dnosb
paulquiod ul AlAIOe
10 SseaJe Uo paseq)

‘(19848 buissaooid
40 18/3}) Buipoaus anueLs-uou

‘uoniuboa 1o AjiAr
Je|NISeA 193jJ 0} UMOUX
uo1edIpPaW JO ‘S10)0e)

€'9T :UuoIeINPa
10 S1eak ueaw ‘TT:NE
‘18-T9 = abuel abe ‘T, = abe
ueaw :Q ‘€'.T = uoneanpa

Alowaw 0} SUOHNQLIUOD
(2 87/0] [eIU0.) U

‘[eju0} JOLIBJUL Y PUe ‘[ejuol) JoLidjul Aiowaw moj pue yby :(Joud A < VIS ‘04d [e1paw / 10usjue |e1uoy} [e1paw / JoLiglue S onjueLES (s)isenuo) “(ubisap MSH JenaseA ‘oLe1yoAsd sleak ueaw ‘4€:NS ‘€6-6T = 'WON ‘L 'WDS) Buibe Jo s198443 3|qeLeA
‘[eluouy [e1paw / JoLBUe 3UL Ul W ON < YOS sleak g) Buluaios Alowsy pue 08Ul Y3] Ul A = VOIS ‘D4d Jouagul Y pue 320]q) yse} Buipoaus [eqiaA 19 *2160]04N3U 10} UBBIOS abuel abe ‘yz = abe ueaw : A $T:0'8:A ‘(1) 200Z ““1e 18 ussoy
86T
= U0I7eINPa SIeaA uesw ‘09,
= abe uesw :d/00 !.'LT
= UOIYeINPa SIeaA uesw ‘G’
= afe uesw :9/00 'Z'LT
= U0I3eINPa SIBaA uesw ‘G'z9
*(o1wepeyy pue ‘feuosyaid = abe ueaw :d/OA ‘€8T
‘le1anred) siasn|o asaydsiway = UOIeINpa SIedA ueaw ‘€9
70T40/ uMm (a1nqo| _Eo:mﬂw = abe ueaw :9/OA 1z Med
. J1ouajul pue snAB [euoly a|ppIw 47\ ‘€'6T = UoIeINpa
(yOS < vON) sia1sn|o asaydsiway /T JO s1eak Ueall ‘g/—g/ = mm:m: v (d
s1a6Je1 0) 1 Pamojs Ylim pajeloosse Z Ul OA < 0O :Z Med ‘wiojisny ‘0T >9pos  9Pe'T'g =sfeussw:04g  /OO)100d PIO
UOIeAIIOR pasealoul ”mq;m |ejuoy) ajppiw 7 ‘arenbuid ¥ ‘snwefey) uolssaidaq@ duyelsD IINT '6°9T = Uoleonpa sieak pIO 9 (9/00)
T uruoneuod 93N (YON < ¥OS) *(1994109 048/ >) $10449 “e116ueb [eseq ul O pue ‘JA pUE 97 < 40 ISNIN ueal ‘z/—z9 = abuel abe poo9 PO PIO
1Y 13618} Ja)sey pue ‘gouewiopiad 9 < s1swiopiad Jood ‘(3984402 ‘WIN < A :(09) s19bae] 's1a1sn|o ‘duljaseq aney 01 peyos <0 ‘6°89 = abe Ueaw JA ‘4f ‘9 (d/OA) Jood
19613 ‘oueWIOpBd UOMIGIYUI J8NB] 9568/ <) UOISSIWWIO Jeluouyaid 7 adnnwi ‘9 vg 'S/ S8 981109 PUR UI[3SEG “SA 111puod [eaibojoinau IINE ‘T'LT = Uo1eINpa Sieak pIO BunoA ‘v
pue uoIeAIIOE [elaLied o US3MIaQ UOIIeId0sSe J0 s10118 G S suawioptad dul3A ‘VIA ‘A <O s1asnpo ‘dnoib suoises| e spabirel 1994100 1SeNUOD SNINWINS J0 [ea1bojoyoAsd jusiind ueaw ‘Gg-g¢ = abuels abe {(9/OA) pooo uedp a}1] 3Jnpe ay} Ss01oe
S0d :31dwes a1nud ssolay dnoib 00 poob :sjuedioied  dlwe[eyl-|eleLlS ul O pue ‘JA ‘A Ul UOIJeAIIE Juedlyiubis 1981102 Ajsnoinaid 0} asuodsas 10 Jo Aiosiy ou ‘Buibew ‘e'ep = abe uesw YN ‘4p p1O BunoA 1023u02 Asonqyul Jo
ur paaunououd jsow Jojow Areyuswajddnsaid J1ap|o 0z 4o dnoibgns > VN ‘AB wiogisny pue [euoly 10} BLI9)LID 18W ey} 10 uonigiyul Buniinbai snyy (A 10 10 douewWIopad Bundaye N9 ‘G'GT = uoljeanpa sieak :ZMed 8:0  Awoieurolnau [euornouny
o U1 108J9 8ouewWI0Iad ‘snuiefeys ] pue eale ul souewIoyIad uonigIyul a|ppIW ¥ Ul O pue ‘JA ‘YN asouy} |Je ‘sIasnd /2 12 X) 1inwins Bureussije o1 apew si SaseasIp 1o saourIsqns uesw ‘Te—8T = abuel abe ‘6 13A ‘L IVIN 3yl ul saoudlalIg
Jojow Arejusws)ddnsaid g ui YOS < WON 1130 JO J|ds uelpaN <A :(090N) uoniqiyu] ;T Med  1ed ‘sI8sn|d £ 1T Med asuodsal YaIym ui >sel 0) ON/0D 14N ‘suo1yeaIpaw oN ‘G'Gg = abe ueaw A 1T Med ‘0T *A T Med ‘2002 “*|e 18 UOS|3IN
“IAIN 2L pue
T.L uo payejal-abe [ew.ou uonouny
‘wnji3gaied o "Win|[8gaJad g ‘X810l anoge sabueyd Juesyiubis Jlojow uewny ul sabueyd
‘X31109 [ed1990 7 X210 [elaLed ] ‘eale Jojow learied g ‘usweind 7 ‘Jojow 1581 *SA Yse] Jojouw (S)ISenuod ON ‘SuoIjedIpaW 45:NL ‘65 pale|ai-abie Jo saje|aLI0d
Areyuswaddns auljpiw ‘ease sojowsaid [essie| g Aseyuswalddns g ‘eare Jojowaid “8]e]s 1531 © ynm Buijeussyfe Jua.Nd ou ‘swajqoud = obe ueaw ‘v/—-0G = abuel |eaiBojoisAydoinaN
‘X840 Jojow Arewnid g ut CQOZ < <va |eJare] o ‘Aiosuss Arewnd pUBY JUBUILLOP YIIM XSE)} J0j0W |ea1paw Jo ‘ouyelydAsd abe :0 4T:IN6 ‘ve-vC = 2002
13 01393dsa) Y)m SUONe|BII0d OFN O aWI} UoIdeal ues\ Y ‘Jojow Arewnd g A <O 'sisA[eue ureiq ajoymn Luonng ysnd,, paoed Ajjensia [RSTAS ‘a16ojoinau jo Aloisiy oN abuel abe ‘gg = abe uraw : A 2T 0 ‘0T :A “le 19 alo)ssa] ‘Aenen
“aje|nbuid
Jous)ue g pue sniAB feJodwil
aIppIW Y Ul UOIRARORSD P3PING “SA UORIUNIUOI “2.1n1es) TN
A < O :2Injeay snuiw psping ‘SA papIng ‘ainieay sn uonounfuod uo AJljew.oude [eInjoniis
'X31109 31elIISe.IXd [eJUSA :(shsenuod :(10]02 awes ul 10 Aydoure Jueslyiubis
d pue XsHod ajels Y ul O si0)aeasIp g + 196.e)) uonounfuo)n ON "/Z < ISINN 13dAq
.A<OZ < <va uolnea4i0d < A :papinb snuiw uonounfuo)d pue ‘(10j02 BWes Ul $1030eASIp uuonsanb Bujuaaids uo1eanpa [ooyas ybiy ises) Awojeueoinau [euonouny
SOd 10 suoifial Jayyo Auew :Q snIAB esodws) 'snAB [esodwsa) ajppiw "asuodsal yser 2 +1801e)) paping ‘(si030ens1p e AQ paulwIalap Se ‘Slusna 1e pey salgns |je ‘2,09 = ydJeas [ensiA Burinp
3IPPILL Y Ul A Ul UOIR|31I00 HFN diow H 10 UONBAIDESP A < O :X8M0D  4gDJjuediyiubls jo sease /T ||e woly J0j0d Ag paysinbunsip |eoipaw Jueaiyiubis  abuel abe ‘471 NG ‘g9 = abe aouepInb [euonuane
‘snJAB [euoly a|ppIw Y pue wealns Buissasoid aJelliselIxa pue sjelIs Yy Ut O ul Ajuo sisAfeue abe yum 196.e1) Binjes :SUOIIPUOD snoinaid 1o swiajqoid ueaw :Q :£z-0z = abuel abe pue Buiby ‘200z “1e
[EJJUBA Ul A UI UONR[BII0D SO 3I0W 0 < A "oeas [ensiA Jo Aoeindoy < A :@2InJesy snuiw uondunfuod sisA[eue urelq ajoym € UNM S} UoJeas [ensiA 13d Uyesy Juaund oN ‘4LIINS ‘0°€Z = 9be ueaw : A 21021 A 19 UoBUBN L ‘UsppeIN
uoleuIWwIa1dQ paujwex3
(s)108443 10 UOIIL[B1I0D BOURLIIOLIA] aouewI0)Iad uonoun4 (s)uoibay Buibew| JAuesH,, syuedionaed syuedionied
/55920NS /55329NS ureag ui (s)aouaiayiq oy ureag paisa) whipeaed J0 adAL 0 uonluaq J0 so1sLIBloRIRYD 0 J3quinN uoinen

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



Page 18

Eyler et al.

J0113dNS Y Ul ¥ YIM UoIR|81I0d HFN pue
x{OZ < <va snaun) Y pue ‘axejnbui)
101I31S0d ‘SnaunDd ¥ Ul YD UM Uo1e[al10d
S0d 0 ‘sniA9 [elodwa] Jouiajul Y pue ‘snik9
[eA3UB2IS0d Y Ul 4D YNM UOIRIBLI0I SO ‘A

pasn uo1edNpa Jo sIeak pue
‘1s91gns A1e|nqeIon ¥-SIvVA
‘UOISIB/\ URDLIBWY YLUON
-1s91 Buipeay INpy MoN

30 jJusuodwod fediound 1si14

pauodal suoN

sisA[eue ufeiq 8Oy

1013u09 Asowawuou "sA (Aoeinaoe
%G/ 03 payen} Ajjenpiatput

6usj 1s17) sadeys anbiun

30 1s1] Jo uoniuBodas pue Buipoous
jse} Alowaw uoniubodal [elss

pue ‘siaplosip

|ea1BojoyoaAsdoinau pue
‘ouze1yoAsd ‘(enuswap

Aj[e10adsa) o160j0nau

13d |91 IO} U3IIS

= obuel abe ‘T/ = abe ueaw
'O !2°9T = uo1eINpa sIeak
uesw '4ZT:N. '82-6T =
abuel abe ‘ez = abe ueaw : A

LT:O'6T A

13d ® :syser Alowaw
Buninp sasuodsal ureiq
[euorouny saye[npow
aAJasal aAIIUBoD
‘€002 "[e 19 SeawIeds

“eap! s1y} ajebnisenul Ajarenbape

0} [|ews 00} sem ajduwes Ing _A{OZ < <va
O U1 snuAB Jeuibrewesdns Y pue sniAb

[e3UO.} [BIPBW Y Ul SUOITR|31I09 SO YeaM

“UORIGIYUI 1081100 JUBDIRd

‘sjuedionJed Japjo ut

158184 uodn jJuaiayip Apueaiiubis
10U SJ3ISN|2 9Z 4O 1IN0 6T

*1IAB [elu0ly B|ppIW pue [eIpaW
Y ‘uaweind T pue ‘wnasnefo

7 'ainqoj [eatted Jopapul
‘snJAB [euoly JoLBul TIA < O

*dnouf auo 1ses)
18 Ul BLIJLIO 30URdIIUBIS
18W Jey} s1aIsN| 97

‘9UIfaseq “SA saun|
1081109 pue auljaseq “sh sjabie]
198109 :(S)1SeU0D "SNINWINS
1981102 Ajsnoinaid 0} asuodsas

10 uonigiyui Buniinbai snyy (A 10
X) 1inwns Buieussyje o} apew Si
asuodsal ya1ym ul ¥se3 09 ON/0D

*Ajuo syuediored

J1ap|o Joy Asanreq
|ea1BojoyoAsdoinau

esnid (0T > sA9 ‘9z <

ISININ) SNIEIS [eUOHOWS

14N} pue aAubod [ewoN

48:IAIE ‘8T = U0[eINPa SIeak
uesw ‘g'z/ = abe uesw :Q
4/ ‘LT = uopeonpa sieak
uesW ‘7°gz = abe ueaw : A

(awn puodss

© palsal 200Z e
19 Jaxdauabue]
wouy

a|dwesgns a1am
O)TT:0 TT:A

s)npe Japjo
u1 uonIqIyui asuodsal
Burinp juswiinigal
[eluo.14 ‘€002 ‘UOSI3IN
pue Jax2aushue]

‘erepbAwe [eiare] Y ‘sniAB

Jesodwsa) Jouadns [eipaw ‘sndwedoddiy Y
‘snAB [elodwa) s|ppiw [eJare] o ‘SnJAB [ejuo.y
JoLI3juI Y ‘[eluoiyald JoLIaIUR pue [ea)e|0sIop
aul (yoN < yDS) eduewiouad yum
UOIB[31103 SO :||B984 WNWIXB ‘SNWE[ey)
Jougyue 7 pue ‘are[nfuid Jouiaue ‘sniAb
Jeluol} a|ppIw pue Jousyul 7 ‘sndwesoddiy

o ‘HAB [edwreosoddiyesed pue ‘wioyisny

‘fenBulj Buipnjoui fesodwial-011d1920 eipa
01 snJAB endiooo ajppiw Buipnjour) suoibas
[endiooo ut (N < yOS) dduewoyad
UMM UOIIBI31I09 SO :Buluses] [emiu] :0

'$Y00]q [[e081
pajeadal JaA0 1081100 JaquInu
40 BAIND U} JBPUN BAIY

*snJAB [eluouy [eipawl
ur (OA < OO0) UOIERI31I0d SO
‘snaundaid Y pue Jeuiaind ¥y ui

(00 < OA) abe yum uoie|a1I0d
9FN :|[edal wnwixepy arenbuid
Jouaiue Ul (OA < OO) abe yum
UOI[31109 SO :Butues] femu|

sisA[eue ufeiq 80U

Y20/q 8931 [BIIUl SA %90]q
18281 winwixew Buiuies) o3e|
‘S Bupuiesy feniuyf (S)isenuo)

"usened ay} Jo |[edal pue susaned

joe115E JO BUIpOdUa [eUORUBIU|

‘sjurejdwod Alowsw

annoalgns ou pue bunsey
|ea1BojoydAsdoinau

pue ‘|eaifojoinau

‘[eaiBojoipel ‘Aloisiy

14INS |eatpaw uo ABojoyred oN

JTTINET ‘9/-96 = abuel
abe ‘v'9 = abe uesw :0

v¢:0

Apnis 14N}

Uy :s[enpiAlpul Auesy
pabe u1 souewlopiad
Aowaw ur Ajigeiep
‘€002 “'[e 18 U0ID

*a1e|nBuID JoLIaue [esiop pue

‘snaundaid ‘Xali0J [BJUCJ0NGIO Ul SUOITE|3II0D
93N ‘eInsul Y ‘LA [ejuouy B|ppIW g

Ul SUOIR[31I00 SO :BuIpodua pioA ‘[eluoiyaid
[eJ8]R[0JIUBA Y Ul SUOIIBI3II0D SO Buipoous
193190 :0 = A ‘[esodwia} Jouadns pue ‘[exdiddo
[esiop ‘[ejuouyaid [esarejosiop :BuIpodus IO
(AuoIn TyoN < yosl o utsod)

A < O ‘[eiodwa) J101134ul ‘B1eLIISeIIXd [BJIUBA
‘[eJuo.y [esiuaA :BuIpodud pIoA ‘fesoduwisy
Jouadns ¥ pue ‘J0jOWLIOSUSS T ‘snwefey)

Y :Bu1podua 103l90 (ly g < woNl

O UI9FN ‘A uraamisod) O < A “drelisenxa
JenuaA ul 9&0@ = d_OZv SUOIe|a1109

93N ‘[eraiied Jousjul pue ‘feJodwsy

Jouadns ‘feuoyaid ut (yoN < YO S)
SUOIR31I09 SO :Buipoaus 1980

:Ajuo O ‘erenbuid Jousysod ‘sniAb Jesodway
Jouiadns ‘ajeliselIxa [elpawosiop ul Aoeinaoe
U3 SUOIR[31100 HFA ‘[e1atied T ‘eyuolgaid
[eJ8)e|0SI0p Y ‘BleLISelIXd [eJjuaA ‘[eJodwsa)
Jouayul ‘rewuouyald [essrejonusa ‘sndwesoddiy
7 ut (Ananoe sndwresoddiy o pue) Aoeinaoe
YJM SUOII|81109 SO :Bulpodus 198[qQ :Ajuo A

(swi.eye aspey uonodoud
snuiw syy uointodoud)
Aoeinaoe uoniubossy

pauodal auoN

(sdnoif

10 Ul 3oueLIopad

0} diysuoneyas jo
asnesaq uasoyd) suoibal
paas jedweosoddiy

JYBLI YIM UOITR|31I0D
ueol1ubIs Jo suoifay

Ageinaoe uotjubosa. 0} Ao
Buipoous piom 1o Bulposus
1931qo 4o diysuonelas 3o sisAfeue
sasenbs 1ses| Jerued :(s)isenuo)
‘(6 uou/b! ) Ysel

anuewss e Bulnp sbuimesp aur|
pue spiom Jo Buipoaus [euopuaiu|

abuels fewiou

ut Asejngeaon pue ISININ

{IYIN UO salujewlouqe

ou ‘uonouny urelq

1989)J® Jey) suoledIpaw

13d 10 S9sB8SIP ON

ST

= UoIeINPa SIedk uesw ‘49
N9 ‘e/-8G = abuel abe ‘99 =
abe ueaw :Q ‘9T = UoledINPa
sIeak uesW ‘49: N9 ‘82-6T =
abue abe ‘gz = abe ueaw : A

(AR SIN

Buipoous Alowsw Buinp
sndwesoddiy ay3 jo
ANAIDBUUOD [eUOIOUNY
3} Ul S90UBIBKIP
paje|a1-aby ‘€00z M1eld
2 ‘Ysowo ‘Apeso

'SNIA9 [eluoi4 Juj

ur A < O AIOWSIA paonpay :$s809NnS [eAsLISY
'SnIA9 [eu0i4 Ju] T ul ?QOZ < <va

O Alows paonpay = A < O Alowsy
JewoN ‘Xa109 [endiodQ pue ‘wnjjagaled
‘reuifreweldns 7 ‘fesodwia ] s|ppIN o

‘elnsul UL A = Ad.um. = (OZV O Aows N
JewIoN < O Alowa| paonpay 1dwany

‘dnoib A
3y} JO UeaW 8y} Uey) Jayealh
10 UBL) SS8] SBM XSE) JBUUBDS

‘paziuboass

AJ198.1109 “SA Pajaalai AJ128.1109
‘(ss909Ns [eABLINB)) P312aIa
11981109 “SA paziuboaai A1328.4109
‘(3dwiane [enaLlal) suljaseq

'S PAjIa[au AJ198.4109 ‘3U1jaseq S/
PapPoIUS AJfyssaaans (S)isesuo

‘THIN [eAmONAS uo abe
10} [ea1dAze sanifewouge
Jlworeue ON "ISNWIN

U0 Gz < O ‘aireuuonsanb
yjeay [esaush uo papodal

€'G = 91028
uoIeINPa UesW ‘z'99 = abe
uesw :O AIOWSN paonpay
'9'G =2109S UOIIRINPA UBaW

‘99 = abie ueaw :O Alows|N

[eUW.ON :40:INOY ‘T.—€9

(T2 :0 Aows\
paonpay

s109lgns
Al1ap|a pue BunoA

(5)108J3 10 UOIIR[81I0D) S0URLLIOLIS]
/85900NS

uoneuIWIBRg
80URWIOLNAd
/55300NS

uonoun4
ureag ui (s)asusiaylq aby

paujwex3
(s)uoibay
ureag

paisa) whipeted

Buibew|
JoadAL

JAuyesH,,
J0 uomuyaq

syuedionaed
J0 so1sLIBloRIRYD

syuedionied
0 J3quinN

uonend

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



Page 19

Eyler et al.

(WON < YDS) 0v va ul peoj

$S010€ AJI[10EIS | ¥ pUe UOIBAIIOR Pasesloul
uaamiaqg diysuoiie|al SO PaMoys ‘A 1ou Ing ‘O
‘9 H U1 PRO| SS0.0€ 1 JO AUIIGEIS YHIM PUE ‘Of
‘) V9 ¥ Ul peo| ssode Aoeindde aouew.oyiad
10 AN|IQEIS YNM UOIIBAIIDR JO SBSealoul

*3WI1} UoNIBa) pue Ageinaoe

'SUO1oBIAII PeO| x abe

(uoneredaid)

Ov ‘2 g 3109 [e1atied
Jouslsod pue ‘(uoisioasp)
X31109 31e|nbuId

Joug)ue ‘(uorresedaid)
9 'Sy ‘6 V'8 8102

10} S[ELI} PEOJ-MOJ "SA pEO|
-ybi1y ui abueys Jeubls abelane
:(s)1senuod ‘(peoj ybry ‘moure
wouy uondalip aysoddo) ssaud
uonng anibuoaul ue Jo (peoj
MO] ‘MOLJE Se UOI}aIIP SWes)
ssaid uoyng jusniBbuod e Jayua
aeuw 0} J9adxa 0} and ‘UoIeXI}
and-aid jse} (Aousjodald

RESENTY
aAlesauabapoInau

J0 [ea1Bojolnau Juesyiubis
10§ papn|aXa a1am

Jap|o ‘swajqo.d [eaipaw
SN pue [edifiojoyoAsd
10} papn|ox3

‘{A1ameq anniubod

/'€T = UOIIeINpa sieak ueaw
‘4EIINS ‘6’18 = abe uesw :0
'G'yT= UOIIRINPA SJeak ueaw

plo 1sspjo

38U} Ul |0JIUOI BAIINIAXA
|NISSIINS JO SIoTedIpUl
Buibewroinau feuonoung
‘(L) 5002 1218 "H

pare|al-peo| JO UOIRIAII0d SO (O PUe A peo| moj| snuiw peoj ybiH ouing ‘o pue ‘6 ‘L vgul O < A lejuouyaud [eisielosioq 3WoIBAQ 0} Butiedaid) dOd 14N ' U0 aBURI [BWION  ‘HTT:ING ‘0°€Z = 9be ueaw : A 8:0‘0C A 191SUsZ1Y ‘D ouesoy
‘[eyarred Jousyul ‘sniAB redwesoddiyesed
o xauod Jojow ¥ Ul [y g < woNI
O<A .xﬁmuou __N_NR mcmwcw .—__m__n_umEEw“ w_ww_ﬂw *(uorreAnoesp Jo asuodsai ou 1043109 Buieu/buIpea. JUs|ISs
g e E,E 1d [eIPALIOSIOP T ‘Xa1109 [e1uokald A ‘suofiennoe Q) sniAB [ejuoly 'S/ SWY Papoaus-Afjenidaoad
JoLia4UI pue JoL3IE g Ul (A Ul [ewWs 10 93 Jousyul Y ‘sndwesoddiyered 0 uoniuboaal ‘Jo.1uo0o bulweu
pue [\ 1~a] O UISOd) A < O 'seale 7 E.m_smc_o Jlonsyue /BUIPRA JUBJIS “SA SWaJI PIPOIUS s)npe pjo pue
YON < VOS [eNs0l : A < O ‘(UoneASESp O -Ajpeanuewss 10 uoniubosal "aBuel [ew.lou €T = UoIyeaNpa BunoA ur souewniopiad
Jelanred pue [e)d1200 ¥ pe ‘[esodwsl T ‘[ejuocly ‘asuodsal ou A) [esodwia) JoLiapul :(s)isenuo) iser (aimoaid jo ur ArejngedoA pue ISININ sleak ueaw ‘4G:N. ‘G8-8S Aiowaw uoniubooal
donisod Ul (g < ) SuonelaLI0 ¥ ‘[esodwiay Jouiadns T “(asuodsal 321S 10 SPIOM J0 ase9) [emdasiad ‘| UO samjewulouqe = abues abe 'p'0/ = abe ueaw 0] UOIJR[31 SH PUE X3}10D
93N 'snajonu srepned  ‘snIAB ayenbuid ou O ‘suoneAnde A) [elsred *(sIsAJeue aoueLIBAOD 10 (Buiaruou/BuiAlf) anuewas ou ‘uonouny ureiq 10 ‘99T = uonedNpa sieak |equolyaud ur Ayanoe
Jouzisod pue Jouzjue ul ?QOZ < <va Jouaul Y pue ‘sndwesoddiy sasenb 1ses| [enued) e BuInp papoaus sBuimelp auij 1084J€ Ty} SUOITRDIPaW uBaW ‘49:IN9 ‘62-TZ = abuel parejal-yseL ‘500z reld
90UeWI04Iad Y)M UOIIBI3II0I SO 0 = A Sy JO Jaquinu ueajy ‘snJAB [eodwal 3|ppIW T :0 < A SISAJeue ureiq 8JOYM\ IO SPIOM 1oy Alowaw uoniufodsy 13d J0 S3seasip oN abe ‘9’z = abe ueaw : A 210 'CT A 79 ‘USOWON ‘ApesD
(YON < v28)
|eraured pue Jojow Areyuswajddnsaid
‘ayepned ‘[euolyaud ui Aoeanaoe
UM UONEIaLI0dSOd (YN S < YON)
1endia20 pue snwefeys ‘eysried
‘leyuolgaid Ul 1Y YIM UONR[BII0 SO O
‘snwiejey) pue ‘eale sedaolg ‘[elalted ‘ayepnes
‘leyuosgaud JoLiajul pue [elare|osiop ul Aoeinaoe
Y}IM UO[1B|31102 3, 'Sy20ds 1noy 49:N6 Buibe jewiou
‘lend1a90 ‘ajepned ‘ayeInBuld ‘[ejuoy [erpaw 550498 043109 Jojow [enidaarad 'SUOIEDIPAW JUBLND  ‘§'9T = UOIELINPa Sieak uesw u1 Buiuses| A1oBayed
‘1j0j0wald ‘Jeyuotgaid Ul 1Y YlM SUOIe|a1I0d 'syooda ‘leoled g A <O ‘SA UORIIPAIT 13YJam ISenuoD U0 oLeIYIASd ‘1°29 = afe uesw :Q ‘46 qeqoud BuiApspun
SOd A "UMOUS 8.8 SUOIe|31100 SO 40 YJea Ul Wi} Uuonoeal ‘[eyuouyaid g ‘areinbuid Jopsisod 4159)  uonoipaid Jayream,, 10 [e21paw ‘[eaiBojoinau 1IN ‘2'9T = Uo[ednpa sieak swisiueydsW [eanaN
AJuo pue sIsA[eue [euOIIe|3.1109 Ulelq SJOYA pue 1081109 abejusdlad pue JoLBJU. ‘31epneD 10 < A sisA[eue urelq aJoym :Butuses) 1063182 onsijiqeqold 14N Jua.1INd 4o A10)SIY ON uesw ‘G'Gg = abe ueaw : A GT:0'8T:A  ‘(92) 500z “"le18 "4 eled
48:IN2T 'G'9T
‘aulfaseq = uo1IeINPa UBaW ‘479 = abe suewny Buibe
'SA JUaNIBUoIUI :1SeU0D 'pajaliod uBsW :\YON ‘40T:INOT ‘€'9T u1 uonouny Aiougiyui Ui
[ersaur [eriuaiul Buoj yum 819M 0g/0Z > 1S3} UOISIA = UOIJEINPa uesw ‘g°/9 = abe S80UBJBHIP [ENPIAIPUI 10}
'SeLs ‘auljaseq pare[aI-1uand (SMOLIE J310eNSIp ‘papN|OXa /Z > ISININ - UBaW DS ‘48T:NZZ 'L8-2S ABojoydiow ureiq pue
jJuanJBuod Jano JusniBbuodul “eale Jojow Arejuswajddns 'SA S[BLI} JUaNIBUOUI UL jusniBuoaul Jo Juanifuod YIM O “IYIN Ul palsel = abues abe 'G29 = abe uesw (0z JUSL}INIIA [€D1}0D JO
10} BWI} UOI}ORaI Ul 3Sealoul / 81enbuld JoLisjue sdno.f ssoJoe uoIjeAl}de AqQ papunolins moue [esuad ag 01 A|1qe pue ‘aseasip 0 ‘46:INTT ‘82-6T = abuel 2WON ‘02 :'V2S) suorjedjdwi ay L ‘5002
'SNUAB [e)uoly 3IpPI 1 1y DS < YON jua24ad Jo Jds uelpsiy ‘snAB [eyuoly s|ppIW g A < O Jueol1ubIs Jo suoibay 10 UonalIp Anuapi) 1s8) Jaxue|q 14N 2160]0Inau 10} U9aIOS abe ‘g'gz = abe ueaw : A 07 :0‘0Z:A  “|e 18 Jswely ‘9quiod|o)
'$10Y a18ydsiway
d snofojowoy ut Jou ‘sisAjeue /€T = UoI1eaNnpa
urelq ajoym Uo Jou ‘(suordnpai ‘SpIom sIeak ueaW ‘4TZ:INZT ‘€6-T9 eluawap pue abe pjo
10d Lv/Sy V4 awn pamoys sdnoib yloq) spsom “(9/py PUR LY/SY YD) M3 "SA pajpadad :(S)ISenuo) yse) = abuel abe ‘¢'g; = abe uesw u1 Buiwind Jo sarejaiIod
ul (YON < YD) LY paonpai pue Auanoe UOI30®a1 Ul UOIIONPaI PRONPUL MU 'SA pajeadal 0} [0 18y)8 ul snJAB [eyuouy JoLiayul UOIIeILISSE|d dnuBWSS B Bulinp 0 = 9[eds 10 ‘49T:NST ‘7€-8T = abues |eanau pantasald ‘(L)
PadnpaJ UssMIag SUONBIII0 SO ‘0 = A -uonnadai Jo apnyube asuodsal Ufelq ul S8ouaJayIp ON 7 Jo suoibas om | spJom Joy Butwnid uonnadey [PSTATS Buiyes enuawap [edau1d abe ‘e'zz = abe ueaw : A €€:0 ‘YA Y00z ‘18udong 7 Bisn
snaund 1A ueyy
3do|s SO4 aiow O ‘[enusdsod ‘[esodwia] Jul Y
‘A ey adojs 93N aiow O (g < YIN) ‘uonIuboIss
sniA9 [edwesoddiyered 7 pue / Buuies| 199lqo pajeadal ‘urelq

‘snuA9 [euoi4 Ju] ‘sniko areinbul) ‘a|nqo]
|e18Lied Juj 7 ‘snuA9 esodwa ) Jouadng
d ‘BInsuj-wnsne|d 7 ‘sniA9 [esodwia L

(4D) antasal
aA11UuB0d JO AInseaw e se

Atowsw-uou “sn uoruboaal
/ Buuiesy adeys :(s)isenuo) (e
4oea uo pajuasaid adeys awes)

au 4O 1IN Buiusains
'$108443 aAINUB09 10
Je[NOSEA UM SUOIRDIpaW

GT = UoI1eINpa
J0 S1eak ueaW ‘46:IN8 ‘T8—65

s108lgns Ajiap|e pue
BunoA Auyesy ui Apnis

(5)108J3 10 UOIIR[81I0D) S0URLLIOLIS]
/85900NS

uoneuIWIBRg
80URWIOLNAd
/55300NS

uonoun4
ureag ui (s)asusiaylq aby

paujwex3
(s)uoibay
ureag

paisa) whipeted

Buibew|
JoadAL

JAuyesH,,
J0 uomuyaq

syuedionaed
J0 so1sLIBloRIRYD

syuedionied

Jo J3quInN uonend

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



Page 20

Eyler et al.

Jouajur ¥ ut (N < y0g) Adenode yum
SUOIEI3II09 SO O ‘SnJAB [edwedoddiyesed

S0UBJBYIP UBDLIUBIS
0U :||299Y SOUBIPIP

-Al[euonualul ay} 10} »se} |[edal
pand-wa)s ‘Juawhpnl Buialjuou
/BUIAIL yim y1oq ‘Yse) Buipess

ou ‘urejdwod
Alowaw ou ‘pajedtpawiun
‘s19pJosIp [ed1bojoinau Jo

(uoreanpa jo sieak
10} A > 0) 49:IN9 '€9-GG =
abuel abe ‘gg = abe uraw :O

13d V :8u1josp Alowsw
21posida [eglan palejal
-afe Jo Saje|a.100 [eIndN

13| Ul A9BINIIE YIM UOIE[BII0I SO A Aoeinage [[edas pan)d Jueayubls ou :Buipooul sisA[eue urelq aJoymn pue BUIPOJUB [BQIBA [BUORUSIU| 13d ‘a1i1e1yoAsd ‘eaipaw oN ‘49:IN9 ‘G'zg = abe ueaw : A 210 2T A ‘1002 "'[e 38 preulag
[eUapIAUI < [BUONUBUI
. 'O '[euonuaUI < [BIUBPIdUI 'SPIOM PapoIus “elqoydouisne|d
o SUOIe[3L100 JueoyIubls : A) snuAB [endo20 ajppiw -Apewaprour .m\_m.\o\m%h%m&s 10 bom_“ oc: ,_o;oo“m
ou : A "sruAB [ejated Jotiaul g pue sniAB sISA[BUE Urelq 3J0UM 1O < A PazIUb02a1 A1198.1109 *(JEASIINR aAISS39Xa 10 SBnIp
akeinBuio Jouaisod 8 Ul (g < yON) ‘[eUONUBIU| SA [EJUBPIU] ‘SNIAB \NJS39NS) PaI3fas A1198.4409 “SA [BUOIIE3131 JO BSN ‘GG uoneanpa APIS [HINS UV :SPIOM
AKoeinade yum suone|a110d 93N (sishjeue |edwesoddiyeted Y siaisnjo PazIub0Ial Af198.109 JO SIsAfeur <dg 91|0ISeIp ‘uoIjedIpaw JO [9A8] 10} paydrew palols Ajjeiuaprout
10y wouy) sniAB fedwedoddiye.ed g pue 2 :sishjeue 10y ‘sniAB [eyuoigaid Pa1BJaI-1UaAS (S)1SeU0D) ‘SPIOM aAnoeoyaAsd Jo asn s108lgns ‘29-g9 = abuel pue Ajfeuonuaiul
(s1sAeue urelq sjoym wiouy) sniAB fenbur| 7 pue [eIpaw g :sisAJeue urelq *sa1pn)s snolasd |aA0U pue ‘Papodus-AjjeluspIoul JUa1IND ‘ssau1 oLeIydAsd abe ‘40:NZT ‘L+9 = abe 10 uonubogal uo Buibe
snuAB [eduresoddiyered 7 ul ?&OZ < iowv swayl paziubodal  SJOYM :A < O :pardafas A3oariod uo paseq s|0y pue ‘papooua-Ajjeuonuaiul 10 [ea1Bojoinau ueaw :Q ‘Lz-€z = abuel abe 10 s108y3 ‘9002 e
A9eIN2IE Y)IM SUOIR|SII0I SO O A11931109 abeUsdIad 'SA paziubodai A[1981100 sisA[eue urelq sJoym 104 [eABLIIBI 21POSIda [eqIaA 14 ‘[eatpaw o AI0ISIY ON  ‘HO:INZT ‘T°GZ = abe uesw : A 210 T A 19 3N0I- ‘UBBA Jap UBA
aouabij[aiul
pinyy u1 jJou Ing pasds
paiejal |jis alem Ul 90UaIaYIp pale|al abe
(annnodaxa auo pue paads omi) sysel € Ajuo 10} JUNOJIE MOJ} POO|q
‘dnoib Ajspa sy uiynm abe oy buijjo.nuod Moy ‘SuonIpuod [ea16ojoInau 1€l [e1ga.82 pUB BLUNJOA
lsyv ?QOZ < {va 's1s8] 0T 40 1IN0 s1s9) [ea1BojoyaAsdoinau |euoibai Jou ‘urelq poojq [eliape 10 ‘uoisuapadAy = abe ueaw ajewsay ‘gL = urelq ssoub uj sasso]
g8 Uo aouewlopad 0} 49D JO UONE|a1I0d SO 0T UO 80UBWIOMAd UBAIBION 8y} OJUI MOJ4 PoO|q [B10 L 1594 JO aunseaw [N ‘sajaqelp Jo aouasqy  obe ueaw ajew ‘H0v:NGZ 1O 69=N ‘9002 'Ie 19 niqaey
(abues
|ew.ou) souewloyiad Alowsw
J1amoy *Bis e Je Buipua |eluoly
‘suOIeN[eAs yioq Je auljosp [eJJUSA Y ‘[ejuoly [esiop 0°0T = UOI1eINPA SIeak uesw
‘Bis :Buiuioaq ‘(suoneniens o ‘[euouy Jouiagul uolexty sn buipoaus (S)Isenuod $10)9B) YSI Jejnasen ‘4ET:INL '0°99 = abk uesw Buibe ur auioap
€) pouiad Jeak QT JaA0 Syse) ‘[euoy fesiop 7 :sdnoib *(81910U09 "SA J0R1ISqR) u1 saoualayip dnolb ou :9|ge1s ‘0T = uolyeanpa 02 :91qe1s aAnubod Jo sajejaliod
[e)u04a1d [enuan Alowsw ¢ uo sduewlopiad 410Q Ul UOIJRAIJE U0 3se) uoleziiohared e fulinp G2 2 ASININ ‘swajqoud sreak ueaw ‘4ET:INL ‘0z :Bulunoaq) uonoUNY-2INIINIS
o Ad.uw < d..ozv 81qe1s < buiuiosg Buibueyoun :ajqe1s pauodal sUON  paseq 1saialul Jo suolbay spJom o Buipodus [eyuspiou| [RSTATS |ea1Bojolnau pauodas oN ‘e'G9 = abe ueaw :Bululjdeg ov :0 ‘9002 “"|e 18 Uosslad
“Juawaoe|dal
(¥Ds < ¥ON) 3UOWIOY PUE [013U0D YMIg Al1apja ayy ut Buissaooid
[endi220 Jouajul Y pue [eyuo.gaid buyorew adeys 1da0xa uonesIpaW JuaLINd 08-09 uonows BuiApispun
[eIpaw pue [esI0p T YHM | ¥ JO SUOIIR|31I0D leyuouya.d [eipaw ‘SA Butyoyew uonow3 (s)senuo)d ON ‘swajqoid jeaipaw o = abuel abe ‘47:Ng ‘29 = abe suoiBal ureiq Jo AlAnde
SOd -0 ‘wioyisny Jousisod g ‘[eyuoiyaid 7 pUe [BJJUBA g 1A < O ‘WIoIsny “(predge o Aubue) Buiyorew ‘a1yeIydAsd ‘[eaifojoinau ueaW :Q 620z = abuel abe ay} ul sabueyd |euonound
[€SI0P T YNM 1 JO SUOIR[3II0I SO ‘A Aoenade pue awi} uonoesy Jouaisod g ‘ejepbAwe ¥ 10 < A sisA[eue urelq ajoymn uolssaldxa [e19e} [euoiows 14N 10 K10)s1y ON ‘49:IN9 ‘G = abe ueaw : A ST:0'2T:A ‘G00Z '1e 19 2I0MSSA L
(‘sasealosp
MOUS O pue A}nd1yIp ysel *SUOINPUOD LONILB0I3.1/6UIPOIUS
UM SBSB3IOUI MOYS A) X381100 paey ay} o} uonIuboIB./buIPoIUS
aueded g ‘ereinbuld sousisod ASea a3y} Woly uoleAnde
“4-SIVM 7 ‘aqo] [e¥atred Jouisgul ‘snIABD iomiau ul abueyo :(s)isenuo)d
8y} Jo 1s8)qns AJe|ngedo lenbul] ¥ :0 < A (sesealoap ‘(uompuoa p.rey) A2eIndde 9,6, ST synpe
pue 159 Buipeay ynpy MOUS A pue A}NdIIp Xsel yum e sem aouewIopad 1eyy os yibus| ‘BIUSWIAP 10 = UOIJBINPA SJeak uesw ‘NOT plo pue BunoA Auyyeay
9&0@ < d._OZV uole|a1I0d 97N O ‘abe Aq MaN 8y} uo asuewopiad $8S3JOUI MOYS O) wninasado paresiny Jo (Uonipuod Ases) auo Jo Juawlredwi aAubod oN INL ‘6°0L = 9be uesw :Q ul anJesal aAubod
paJagIp Jeys suoifial sy uym asuodsal urelq pUE UOIEINPS JO SIeaA WOy g pue ‘snwefeyl ‘ensut ‘sisAjeue yibuaj 151 yum sadeys [egsanuou 'SUORIPUOD JYeIYdASd 10 {2'GT = UOIEINPa SIedk ueaw Y)M PaJeId0SSe SYI0miau
UMM BAISBI BAINUBOD JO UOIIRIBII0ISOL T A 8102S 10)oe) dAJasal aAlubo)  Jouaisod ‘sndwesoddiy Y :A < O UoIeIIBAOD UTeI] 30U 104 >se} uoubodal snonunuoD 13d  ‘[ediBojoinau ‘[ealpaw ON  ‘4ZT:INS ¥'E¢ = bk uesw : A 1T:0'02:A urelg ‘500z “'[e 19 ulals
(sdnoib yloq
u1 asuodsay pue Aejag Buunp
"1y 01 8np Ajurew peoj ynm aseasaul ‘sdnoib yyoq ‘0T > 1ag ST
S30URJBHIP dsuodsay ‘Aoeinaoe 0} anp Ajurew 62— ut Buipoau3 Burinp peoj yum ‘peo| Alowsw yaes 10y sporiad ‘92 < ISINIA ‘uoieaipaw = UOIIEINP? JO SIedA uesw 14INS palejal
seouaIBlIp Buipoous .?QOZ < <va 01 6°' = 8bues :Q ‘9p'T- asealoap :|eusA ‘Ajuo porad asuodsay pue ‘Agjaq ‘buipoaus uonduosald o asn ‘4i:INE ‘€8-GG = abuel abe -Juana Buisn Aouaioiyye
D4d [e11usA 10} AejaQ-ale] pue 01 85'T = abuel : A ‘81005 Aeja@ ul sdnoib yjoq ur peoj yum (pautyap Ajjeolworeue) bunnp auljaseq “sn Aintjoe pue JapJosip duie1ydAsd ‘2°0L = 8be uesw :0 ‘0'9T |einau pue ABajens
Buipooug Bunnp {D4d [eslop 1o} asuodsay pue -z Buisn (O pue A y1oq) asealoul :[esioQ) D4d [eliusn %3140 [ejuouyaud (Lt ueaw :(s)ysenuo) “(ubissp Jo ‘[eaibojoinau = UOI7eINPa JO SIeak ueaw aAnIubod uy sebueyd
Buipooug Burinp souew0iad YIM UOIIR|31I0d awin uonoeal pue AoeIndge Jo pue esiop ui sporad |je Burnp ® 'St ‘v V) [eUsA pate[al-1uane MO|s) SIaNs| 8—T ‘[ea1paw Jayo ‘4% NV ‘92-6T = abues parejal-abe Buneloossig
SOd O ‘9duewi041ad Y)M UOIBISII0I DIFN A 9109s douewloplad ansodwod peoj yum diysuoneai ur A = O pue (9% 7%® 6 \Yg) |eSI0Q  9ZIS 18S YNM >se} uoniubodal-way 14INS ‘uoisuapadAy 1oy U9aIOS abe 'G'6T = afe ueaw : A 9:0'8:A ‘5002 “'|e 19 BWdAY

‘aseyd (JeL Jo S 1se]) uoIsioap
10 (18147 4O S6 3Sity) uoleredald

(5)108J3 10 UOIIR[81I0D) S0URLLIOLIS]
/85900NS

uoneuIWIBRA
80UBWIOLNIAd
/55300NS

uonoun4
ureag ui (s)asuaiaylq aby

paujwex3
(s)uoibay
ureag

pa1sa) whipeted

Buibew|
joadAL

JAuiesH,,
40 uonuysqQ

syuedionaed
10 so1sLIBloRIRYD

syuedionied
0 J3quinN

uonend

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



Page 21

Eyler et al.

= A :Aeja@ ‘Aoeinade yum A{OZ < {va
UOI[31I09 S04 = O :Bulpoous :D4d

[enudA (Y ON < ¥DO'S) LY Uim uone|aiiod
93N weaylubis-uou ‘(\YoN < YIS)
A2eIN39E Y)IM UOIIB|31I09 SO

=0 ‘14 YIM UONR[3II0ISOd = A [eAdIIdy
‘AoeInde yim ?QOZ < <va uo11e|31109
SOd = O ‘A9eINd2e YIIM UOIR[31100 DFN

'speo|
Alowsw ssoJoe Aoeindde

‘(L '8 'Sv'yy va) snuAB
|ejuoly JoLisjul :Xap09
_mu:otma |eljus A\ pue

(9 72 6 vg) UAB [ewuoly

Jowadns pue a|ppiw

‘qUIfasEq SN asuodsay

‘suiaseqg sn Agjaq ‘suljaseq

'SA Buipoou7 (s)1senuo)

'SI9)19] 8 pue T UdaMIaq

ZIS Ul palleA Jey) sians| Jo

S)35 JO [eA3LI}31 PUB ‘dduBUSUIRW

0T

> a9 pue ‘'9z< ISININ
‘uoneaipaw uonduosaid
1O 9sn ou ‘saLIoIs1Y JO
Buiusalds 1s16ojoinau uo
paseq JapJosip aLielyaAsd
J0 ‘[eaiBbojoinau

‘[eaipaw Jayio Aue

1o ‘uoisuapadAy se yons

S'pT = UoIeINP3
sIeak uesw ‘gg—-GG = abuel
abe ‘4¢:INE 70/ = abe ueaw
:0 {0°9T = uoneanpa sieak
ueaw ‘9z—6T = abuel abe

sisAjeue
Juauodwod-sjdn|nw v
:syse} asuodsal-pake|ap
Ul suoriejal aouewiopad
-UOIRAINOR Ul S30UBJ3JIP
pajejal-aby ‘2002

JuedyubIs-uou = A .6UIpooug :J4d [esioq pue (1Y) awi uonoeay ‘paniodal suoN X809 [ejuouyald [esioq ‘Buipoous :yse} asuodsal pakelaq 14N parejal-abe oN 4y AP ‘G'6T = obe uraw : A 9:0'8:A “le 18 yiaip|3 ‘ewdAy
‘(Jou Jo
palojod Ajanbiun 1861e1) adAy ey
pue ([elinaN 10 PapIND) UoIpUOd
Uoea 10y (39SUO [eL} 810430 S9 ‘sallew.ouqe
3y} 0} pasedwiod 13sUO [eld) Jaye Jued11UbIS JO 9314 8q
sz Joy) abueyp [eubis abejusaiad 0} pabpnl sabew! YN Z1
40 8AINJ J3pUN Bale :(S)ISenuo) '6 S Alojuaau] uoissaidaqg
‘A UeYl O Jo} Jayealb Ae|dsip Jo 3oag pue ‘2z 2 ISININ Apnis
*adA} [e1dy Jo uonIpuOI JO uoieinp (paiojoa Ajanbiun Bulaq ‘alreuuonsanb Buiusaios G'.T = uoleonpa 1..Q PUe 1YIAl} pauIquiod
‘(VON ssa|ptebal |0y (3Inqoj [earied 10 90URYD /T pey 1961e)) [elINaN uo panodal moly poojq sIeak uesw ‘zg—09 = abues \/ :UOIUSNE [eNSIA JO
= VOS) STUAB wiogIsny Ul UONe|a1100 SO “(ou s pasojoa Kjanbiun Jouadns pue LIAB [euiBreweldns 10 (si03ensIp € 0} pasedwod Jeigaiad Jo Buiuonouny  abe ‘Ng:48 ‘029 = abk uesw Awojeueoinau [euonouny
alow 10 < A (N < YO S) Angoj [elaLed 219M ey s1obae) usemiag 1y pue tejnbue) erared BEEIEI] paJojod Ajanbiun Buisq Jo aoueyo SA1NIUBOD 103)J 0} UMOU 10 {£°9T :uoneanpa siesk 3} U1 S90UBIBHIP
Jo11adns pue spjaly A3 [eJUOL) Ul UI UOIRI31I0D Ul 8duaiayip abejuaiad) awinl pue (snJAB [ejuouy a|ppiw ‘spjaty J0 suoiBai [ea1u0agns /¢ pey 18buel) paping :suonIpuod uonealpaw Jo swajqoid ueaw ‘gz-6T = abues abe abe )npy ‘2002
SOd 310W : A < O :UOIIPUOD PBPINS  UONIELAI UO 103)4d adA) Jabue | 94 [e1U04Y) [0 Ul A < O pue [e211109 [eaye|iq €T OM] U)IM XSe) yoleas [ensiA  (1.La Pue) 14N} ya[eay Juealubis oN ‘INg:48 ‘¥'eg = abe ueaw : A 9T :0 ‘9T :A ““[e 38 |oluedsS ‘uappein
"Alaneq
|ea1BojoyaAsdoinau
e uo abe Joy e116ueb [eseq ay) ur Apnis
aouewIopad [ewou pey V :9ouew.oyad ysey
'SIYJO [[8 *SA O '6 > 9|eds uoissaidag 8T = UoI1eanpa pue abe Buipueisiapun
S106.8) 1051109 *1SEUOD "SNINWNS oIR8 ‘22 < ASINN sleak ueaw ‘48:INE ‘L2-19 pJeMO} SUOHINQLIIUOD
"8Jepned Y pue snpijfed snqojByusweind 7 ut 1981109 Ajsnoinaid 03 asuodsas ‘uomuboo Burousnyur = abuel abe ‘g gz, = abe uesw (c00z e 14N Jeuonouny
s1awiopiad poob < siawiopiad 1ood : A ‘snpijjed ‘sjet1} 196.1e) 1981109 10 uonigiyul Burinbai snyy (A 10 $10)98} |ROIpaW 10 ‘LT = uoneanpa sieak 19 Jaxoauabue] pue 21138WNJOA
snqo|B/usweind g ul Ad.uw < d..ozv Ju324ad Uelpsw uo paseq ‘snpijred snqojbyusweind ‘snpi|ed snqo|f X) 1nwins Buieulsyfe 03 apew si Jay10 Jo [eaibojoinau ueaW ‘4/: NV ‘ze-Gz = abues Se JWes) 10UNISIP JO UOIeN[eAd Uy
s1awoyiad poob < siswloylad Jood :0 sdnoab z ojur uyds O pue A A <O '9lepned :0 < A / usweind pue sjepned asuodsal YaIym ul >se} 09 ON/0D 14N ‘alyeIYdAsd Jo A10ISIy ON abe ‘1°gz = abe ueaw : A TT:O‘TT:A ‘2002 “[e 18 1adausbue]
suoljaalal
108.109 10§ punoiby2eq mau ISIANIN
(¢ON < D) fewonaid esaiejosiop /399lq0 Mau s punoibyoeq U0 0g 40 1N0 /Z 1583
€ U1 uoie|a.1I02 aANIsod 1O diysuoie|al SnIAB S|OY [BIU0LY BIPPIW /0 / 18I0 M3U SIXSNU0D JBIfILLIB) 12 ‘MOJ4 POO|q [Jg8I80 /67T = U0IeINpa uesw
ON :A :suonejaliod ”?&OZ < {va |edodwsa) a|ppiwy/seinbue 7 ‘sniAB ¥ pue [eyuo.gaid Jouadns ur s1981qo janou 4o uoiIafal Bunoayye suonipuod ‘¥8-09 = abuel abe ‘44 T:IN9
snIAB [euoly a|ppIw yBLI pue [e1pa lenBuij/auteafed 7 ‘are|nbuld |e1paw ‘suolyeloosse :(s)1senuo) ‘spunoiboeq 10 SuoIedIpPaW JO ‘0T'89 = abe ueaw O ‘88'YT abe yum
ur A = O uoniuboaay poos > O uoniuboIay (ands ueipaw pue Jongisod ‘a1einfuld Jonsiue douewoyiad JeljIWweun Jo Jefjiwe) Yium 881} ‘yijeay [eaibojoyohsd = UOI7eINPA JO SIeak ueaw Atowsw uorubodal ut
1004 ‘[ejuoiyaid [elayejosiop o Ul A SNONUIU0J Y1og ‘,\/) $8109S ‘[eju0.4 3| ppIW J0LIBIUE 10} Xa109 [ejuolgaid 1090 papooua-Ajjeuonuaiul pue ‘feaisAyd ‘gz—-8T = abuel abe ‘40T 80UBJ8JIBIUI [ENIXBIUOD
> O uonuboaay poo9 > O uonuboIsy J0od uoleUIWLIdSIP uouboIay ‘[euolgaud [esslelosiop g 10O < A UI'S|OY pue ureiq 3joymn 104 Klowaw uopiuboday 14N} ‘[eaiBojoinau poof uj IINOT ‘G0'Tg = abe ueaw : A 02:0'02:A '002 ‘1€ 19 $S8y2IN9
"ASNIN
lewuou pue A1aieq
|ea1BojoyoaAsdoinau
uo (ueaw mojaq sT ueyy
*109)J8 dno.b Jo suoibal S$S3| 0U) SanJeA [ewlou
X340 u1 Ajuo sisAjeue sseoons 'SDIOM [84313U JO UOIIUBOIAI 49D 10948 p|N0 ey} uswom Apisple
[eyuouaid Y Ut A9BINDJ. YiM UONR|31I00 SOd 's)ynsal dnolb uiyim 198.4100U1 “SA UOIILUB0IE] SUOIIPUOJ 10 SUOIedIpaW 4T:NO ‘T.—09 Ayijeay ui [ensial
*A ‘(snuAB [elodwiay 8|ppiw Y pJemo) pusiy) Aq paysew sisAjeue 1081109 :(S)1SeU0D) "SPIOM = abuel abe ‘6'y9 = abe uesw 1981102 JO SUOIIEIBIUI
snIAB |eodwis) sippiw T Ul (YO N < YOS) spJom payosfal/paziubooal  'snAB [esodwial s|ppiw g i A < O 8oualaylp dnoio |eJINau pue pasus|eA-A|[euonows ‘ssau||1 ou1e1yaAsd Jo 0 ‘4PT:INO ‘€8-TZ = 9buel uolRUNY—8INIINAS
A9BIN22E YIIM UOIBI3II00 SO O A[1981109 J0 JUNOWY ‘snJAB [eyuouy Joadns Y 10 < A 'sisA[eue ureiq 3|OYM 4O [eAsLial pue Buipoous o1posid3 14N} [ea1Bojoinau jo Aioisiy oN abe ‘9’z = abe ueaw : A ¥T:0 ‘YT :A ‘1002 “'|e 10 uasselg

SnJAB [ejuouy JoLIBUL
d 1A < O ‘sndwedoddiy 7 ‘sniAB [ejuouy

UON8|AWI0I-Wals SA

[/893.1-pana ‘Bulpeal “sh buposus
:(s)1senuo) ysel uonajdwod
-W)S pue SPIOM PapoIUd

“Buibew
14N UO Sanifewouqe

sisAjeue
UOI1e[31100/UONIRINS
pauIquIod YIMm Apnis

(5)108J3 10 UOIIR[81I0D) S0URLLIOLIS]
/85900NS

uoneuIWIBRg
80URWIOLNAd
/55300NS

uonoun4
ureag ui (s)asusiaylq aby

paujwex3
(s)uoibay
ureag

paisa) whipeted

Buibew|
JoadAL

JAuyesH,,
J0 uomuyaq

syuedionaed
J0 so1sLIBloRIRYD

syuedionied

Jo J3quInN uonend

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



Page 22

Eyler et al.

suoiBas [eyuouyaid Y Ul | ¥ Yim uoie[aiod
93N pue (VON=VDS) Adeinage yim
UoIIe[3.1103 ou O :Aduaday ‘sndwesoddiyered
d Ul 1Y YHM UOIE[31I03 HF pue Adeinade
UHM UOIIe[31100 DFN ‘[eiuoyaid ¥ Ul 1Y ynm
UO11]31109 SO pue A2eindde Yiim UOIe|a1iod
93N A Ad.uw < (OZV sndwesoddiyesed
d Ul 1Y YHM UOIR[81I00 SO4 pue Adeindde
Ynm uonejelI0 93N (N < YO S)
suolbai euouyald o Ul 1 ¥ YUm 93N pue

syuawbpnl Aouadal
pue uoniuboaal Joy Ajsreledas

uoniubooay
pue Aousday Joy |ejuolyaid
¥ ‘snaundaid T ‘|ersnied

Aseg

"SA NI pue ‘uoniufodsy
sA Buiznageyd|y pue Aouadsy
‘uoniubooay "sa Aouaday
‘Buiznageyd|y 'S [eAsLlay

10 sisA[eue sasenbg iseaT [eled
:(s)isenuo) iser buiznageydfe
aul[aseq e 0 pasedwod

3430 Yoea 0} SUOIIeId0SSE
Q1JUBLUAS INOYMM JO YJIM SPIOM
JO SIs1| papodus Ajjeuonuajul oy

$109)49 abe Juealiubis Jo
suoibai ur Ajuo sisAjeue

0€ J0 N0 /2 uey)
13121 $3100S ISNIN |18
‘s1apJosip JuyelydAsd 1o

08-29 =
abues abe ‘4z:IN9 ‘2"z/ = abe
ueaW :Q ‘Ge-Tg = abuel abe

Alowaw Aduadal [eglan
Bunp Aianoe ureiq ul
S30URIBYIP pare|al-aby

A2eINJ2E Y)IM UOIIR|81I09 SO 1O :uoniuboday 3w uonoeal pue AoeINddY d ‘sndweooddiyered ¥ A < O $S320NS ‘urelq ajoypy  Suswbpnl Aouadas Jo uoniubodsy 14N ‘|ediBojolnau ‘jealpaw oN ‘411INT ‘9'Ge = afe ueaw : A 8:0'‘8:A  ‘800Z ‘USOWIIN 7 yeley
'SUOIIe|9.1100
0U I A ‘WN|[308439 Jo1aIsod ¥ pue win|agaisd Wn|jaqa1s JoLaue
Jowgiue ‘snAB [eyuoly s|ppiw ‘sniAB pue snojns ‘snIAB [enBul g ‘winjj8qeiao
Jeruoy Joadns ‘snAB elaited Jouadns ‘ejnsul Jouaisod ‘sniAB [edwesoddiyered
Jousyue ‘suenbuetsy sied pue stiejnasado : 31nqo] [esusoesed
T e o
< A3y tbaruf p jow spe[nbut pue ‘snuAB wiogisny ‘sniAB 1581 'S/ [BUOLIISHPOSILIOU
71 'VINS 7 pue eale Jojoul Arejusuisiddns reaured Jouadns ‘snikB sejnbue 4584 "SA [2UOIIAIPOS! (S)ISeU0D)
Y 'sniAB rmzcmummog JoLayut ‘snojns/snIAb ‘snIAB [esoduwa) Joiadns ‘sniAB 581 pUE (paxal} 100}/papualxa suossad
_m::m%mo Jop13dns 7 -uoKeAnde Ul O = A pue snans [eyuoy Jotiadns ‘sniAb puBy 03 PapUBIXad J004/Paxal) AJap|8 ut souewlopiad
alsym suoibal ul (N < YOS suoe|aiiod [EJUOY SIPPI ‘stienBuel) sred pUBY:[eUOI}931IPOSILOU) SUOIIAIIP 1010W [NJSS89NS
SOd -0 :[euoiioalIposIuON "sUOle|8llod ou tA SnJAB [euouy Jousul ‘suenalado apsoddo Jo (papusixa yoq '9Z 2 ISINN 10} S824N0SaJ |eJnau
‘Win||3ga190 Joualue Y ul puaiy ‘UAB fenuadisod sted sniAB [ejuoly ‘ejnsul 10LisjuR 0} Paxal$ Y10q :[euo1I8.1post) "UOIIBIIPALL BAIIOROSEA 2.-29 = abuel |euonippe Buninioal
PuUe [e1)u8da.d 7 :UOIBAIJE UI O = A 313ym "(100} pue puey UsBMIBY T Ul A < O :[eu019311poSIUON UOI19841p BWES Ul 31am 10 aAnoeOYdASd abe ‘4ZT:AYT ‘LG9 = abe :ureuq Buibe ayy uy
suo1fai ut uoneuIp100d YIM (YO N < YOS) 10413 aseyd Jo asianul) {X8110J Ie|nsul JoLisjue ey} SIUBWISAOW 100} pue puey 10 asn 10 aseasip ueaW :Q Gz—-0z = abuel abe Anonsejdoinau swaisAs
SUOITR[31I00 SO O :[eU011931IPOoS| A9eInade uoieuIpI00D Ul A < O :[euonaalIpos| sIsAJeue ureiq 8oy 16211949 ‘(O 04 J9MOJS) paded 14INS  [ea1Bojoinau jo Aioisiy oN ‘49:IN9 ‘¥'zg = abe ueaw : A 92:0 ‘2T A ‘8002 “'Ie 18 X>{duIunaH
'SNUAB [eyuoly a|ppiw Ul (g < YON)
1Y YM UoIIe|31103 SO ‘HAB [esodws) ajppiw
pue Jouadns pue ‘ejnsul ul CQOZ < <va
abueyd 1Y Y)m uoie|a1i0d 93N
‘snJAB enuadaid ui 9&0@ < d_OZv Aaeinaoe
YNM UoIIR|a1100 9 :Alowaw [enbi-4
'snIAB fedwesoddiyered ut (yoN < YOS)
abueyd 1Y YIM uoe|aLi0d 93N (Mol -uawend
pasealoap 0} pajejal souewloyiad pasealour) pUE ‘snAB [end1290 ajppIL
sniAB feloduisy Jowadns ul ()G < YON) ‘lesaued Jowiayun ‘sndwiesoddiy 'SIBUIO Y1OG S/ LOIIPLOI
abueyd moj3 poojq ynm abueyd Aaeinoge 71 Jouis)sod ‘Iayew auym 4ea 10} 108448 T JBIA S/
40 UOIR|R1I00 DN ‘(MOJ} pasealoul 0} pajelal |ewuolyaid ¥ pue Jouadns g ui 6 1834 ‘S)SE) |[e 104 S108)D [ LA “dn
souewIopIad paseaiout) sniAb |enusaisod S9SBaIoUI ‘a1epned pue ‘sniuefeyl 'SA 6 /89 Je|iwis o uonounfuod -MO]|0} Jeak 6 Je [ewiou
/31d *(90uewuI0ad Ul asealoap Jajeal 0} pajelal ‘aye|nBuid s|ppiw pue Jolsjue ‘Alayesedas uonipuod yoes AjaAnubod pawasp
MOJ} Ul 35ea193p 19Yealf) [eyatred JoLiajul ‘leJodwi) Jefnsul pue ouadns 10} TIP3 A S 61834 (S)1senuo) £19pI0SIP JeINISEAOIPIED
pue [eiodwa} JoLdgut ul A{OZ < {va ‘[euoiy [e1paw pue Jouadns *UORIPU0J 183l B pue sainbiy 819A8s 10 ‘oLire1yoAsd €'/T = uonedanpa (Apnis uonouny ureiq Buibe ui
abueyd moyy poojq yum abueyd Aseinage 's1eak g Jan0 (ANANISUSS) ¥ U1 S3se8193p [eulpn}ibuol JO SPIOM papodua-A|feuonuaiul Jofew ‘wasAs snonsau sIeak ueaw ‘40T :INST ‘8'29 leurpnuibuol sabueyd euipniibuo °|
4O UOIE|81I00 SO Alowsw [egA :O Aoeanaoe ui abuey) :SUOI}IPUOI |[e 0} UoWWOD SIsAJeue ureiq 8oy 10} Alowsw uoniubodray 13d |eluad Jo Aloisiy oN = auljaseq Je abe uesw :Q 19K 8)GZ:0  ‘800Z “’|e 18 p|oH-uoseag
(yDS < YON)
1daoseiul 1y pue adojs 1y yioq pue
asuodsal Aejap juspuadapul-peo] Jo UoNe[31100 snAB Jedwesoddiye.red asuodsal pue
93N aiow ‘adojs 1y pue AyjIgeuIuLosIp 1yBu1 Buipnjoul 8uo pue Xa10d ‘Aejap ‘Buipoous buinp sabueyo
yroq pue ssuodsal Buipoua Juspuadap Jojowsalid Yyaj| Buipnjoul suo JuapuaAapUI-pEO] PuUR JUSPUSASD €61 se]
-PeOJ JO UONE[81I0d HIN 8I0N A <O ‘$y0m)au [eneds 0M) 10} A < O -peo7 (s)isenuod ‘(siens| = UoI7eaNpa sJeak uesw ‘41T B60a1 wan pake|sp
(w05 < wON) shdwesoddiyered papnjout 1daosepur  :pousad Aejap ayy Burinp asuodsas Ul paLeA Jey) sieng| Jo pajuawisp AL ‘YyL = 9be uesw :O e Buiinp uoneAnde
ey} J0)oe} Juale| J119ads-AjIap|a JO uolssaIdxa 14/T pue ‘adojs 14/T 1eiq ui sabueyo juspuadap ‘sisAjeue S18S JO [eASLIIA) pUR ‘BoURUBIUIRW -uou ‘ssauj|l [ealfojoinau  {/°GT = UOIFEINPA SIBAA UedsW urelq ui sabueyd pajejal
pue adojs 1Y Usamiaq Uoie|aLI0d DN 10 ‘9 9215 195 Je AN|IqeuIWLIdSIq -peoj Jo} Ajuo sjoays aby UOIJe1IBAOD UTeI] B]OUYM 00UB >iSe) asuodsal pake|aq 14N} ‘46:INTE 'T'Gg = b ueaw : A 8T:0 'OV :A -9V ‘2002 “'Ie 18 uyesez
(DS < WON) LY UM uonea1i0d Sod
= O :[eA311ay ‘AJeINdJR Y)IM UOIIR|81100 D FN
uoleuIWwIa1dQ paujwex3
(s)108443 10 UOIIL[B1I0D BOURLIIOLIA] aouewI0)Iad uonoun4 (s)uoibay Buibew| JAuesH,, syuedionaed syuedionied
/55920NS /55329NS ureag ui (s)aouaiayiq oy ureag paisa) whipeaed J0 adAL 0 uonluaq J0 so1sLIBloRIRYD 0 J3quinN uoinen

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



Page 23

‘BunoA= A ‘pasiney-a|eas aouabi||aiu] NPV J9ISYI9M=4-SIW Yoelle J1Wayas! Jualsuell=\/| 1 ‘UOI.IASP pJepuels=as ‘Buibe aAnIubod |nyssadons=yS ‘awil uonoeai=1y
“1S811U1 JO Uo168I=]0Y ‘[eAsIII8I=1TY ‘MO]J POO|q [e4geiad [euoiBal=4gDJ ‘WbLI=Y ‘aAnIsod=S0d ‘AydeiBowol uoissiwa uonsod=13d ‘pjo=0 ‘aAnebsu=93N ‘Buife aANIUBOD [eWIoU=YDN ‘Wex3 Snye1S [elusN-IUIN=ISINIA ‘UonaIRJuI [RIPIRI0AW=IA ‘BJeW=|A ‘Ud|=T]
‘[eAJBIUI SNNWINS-IBJUI=|S| ‘9[eaS Uolssaidaq dLIeLIsD =S 9 ‘Buibewi aoueuosal ansubew [euonouni=|4IA} ‘sfews= ‘Buipoous=N3 ‘Buibew Josus) uoisnyip=]1qd ‘WalsAs SNOAJBU [e]IUBI=SND ‘Al0JUBAU] UoIssaldaq dag=]dg ‘eale s,uuewpoig=yg ‘[essre|ig=9g :310N

Eyler et al.

[E3UOJY JOLIBJUL Y ‘BINSUl ]

ur 9&0@ = d_OZv SUOIR|81I0d DTN ‘Shajonu
WLIOJIUB| pue ‘snwiefeyl ¥ ‘[eluo.y JoLisgul

ut (N < YDOS) SUONEJRLI0 SO 10 MO
‘snJAB [enuadaid ¥ pue sniAb [ejuo.y Jouadns
d Ul (YOSA < WOS) SU0Ie[81100 97N ‘snajonu
wiognua| T ‘snwefeyl g ‘sniAB [ejuouy Jouadns
7 ‘snuAB Jejuoly [eIpaw g ‘Gy g o ‘SnIAB
|04y Jouayul g ul (WIS < WISA) Adeinaoe
UM SUOIB|31I00 SO 0 YBIH ‘snJAB [eyuouy
Jouiadns Jousjue g ‘snwiejey) 7 ‘WnjeLlsosu
qul ?.Um) < ,QUmv Aouae| asuodsas
Y)IM SUOIR|81I0d 9FN ‘SNIAB [eiuoly ajppiw

7 pue snuAB [enusdaid ¥ ul (YOS < YISH)
A2eIN22€ YJIM SUOIR[31I0d DFN

‘snJIAB [eu01y J0LIBJUI Y ‘SNBJINU WUOJNUS)

7 ‘snwefeyy o ul ?QOZ < {va Aoeinaoe
UM SUOIB|31I00 SO O ‘SNUAD [ejuoly
J10113dNs pue [BIUOJJ JOLIBJUI Y Ul SUOITR|31I09
OFN ‘wnieLIsoau ¥ ‘a1enbuld Jousue |
‘snJAB euoly ajppiw 7 ‘sniAB [eoly Joriadns
71 Ul A9BIN22€ UM SUOIRIII09 SO A

‘uonnqisip

lepowiiq e 03 anp (%/8

>) AdeIndde moj pue (%606 <)
Adeanage yBiy ojur papiAIpgns
os|e ‘Aouare| asuodsal

pue Aoeinaoe BuiweN

‘snIAB
|enBui| 1 pue ‘xal02 uelAjAsLad
g ‘X81102 10JOWIIoSUas o ‘SnIAB

|ejuouy Jouapul Y ‘anbojowoy
520019 ¥ ‘X31I09 Jojow

g ‘eale Jojow Aseyuswajddns

Jouaisod g ‘aye|nbuid Joriaiue
o ‘a1eInbuId [ensoi g A < O

'suoibal

[e211102QNS pue [eIU0}
ul Ajuo sisAjeue ssadons
‘sisAeue urelq aJoymn

"BUIMBIN a/1ssed “SA

Burwreu Jo sisAjeue pajejal-juang
:(s)1senuo) "uonipuod BuIMaIA
anissed e pue sa|91YsA pue s|o0}
‘srewiue Joy Burweu ainyoid UsAQ

'SUOIeIPaW dA119B0YIASd

ou ‘sisoufeip

oureIyoAsd ‘uoisuspiadAy
pajjonuooun

‘aseas|p Je|NISeAOIp.Ied

‘adA1 onsauwre

-juswiredwi aAmubod

pliw ‘enuawap ‘aseasip

14N} [ea1Bojoinau jo Aloisiy oN

G9'qT

= U0I}eINPa SIedA ueaw
‘40T:INOT ‘v/8-89 = abuel abe
‘6'y7, = abe uesw :O 'G8°GT

= UOIBINPA SIeaA UeaW
*40T:INOT ‘7€-0C = dbuel

obe ‘TGz = abe ueaw : A 02:0'02:A

SYI0MIBU [eD11I0I0NS
pue [ejuo.} [else|l

J0 8]0y :|eAslIBI pJOM
u1 sabueyd parejai-aby
‘8002 *"[e 18 eAUBIBIN

“aseyd

Buipooua ysey adeys Burinp anlasal a. 602
10 suolre|a.109 a1soddo spJemol Aduapual Inq

‘ A Ul U335 %J0MI3U Juspuadapul-ysel ay) Yyum
SUOIe|1102 JUBdIUBIS ON ()G < WON
pue N < Y)S) snuefeyy

pue [ejuouy Buipnjaul 3iomiau ul AJAIOR
Jeuo1Ba1 Y3IM SUOIR[81I0d SOL PUE HFA JO Xiw
.OQOZ < {va |eAaLilal Jana) 1oy ‘[eratred
pue ‘ayeinbuld ‘[ejuody Buipnjoul sJomsu

B Ul AJIAIOR Y)IM UOITR|31I09 SO 'UOIURII
18189] 10} A{OZ < {va el16ueb [eseq pue
‘lesodwia) ‘feraied ‘feuouy Buipnjoul sJomiau e
ur AJIAIOR YIM aAI9sal aA1UuB0D JO UOIYe|81109
SOd ‘Bulpodus Jans| 104 :0

leseq pue ‘[eJodwsa) ‘[e1aLred ‘[ejuoly Buipnjour
3I0MIBU B Ul AHAIDE LJIM 3AISSS. JO UOIR[31I0
93N ‘Ajuo Bulpoaus J1aa] Ul ‘[ejuoy [elpa

158 Buipesy ynpy

asuodsal

pue ‘Agjap ‘buiposus burinp
sabueyo pajelal-peo7 :(s)isenuo)d
‘(sadeys €'2'T ‘s1em8] 9'€'T) 9zIS

8'GT = UoIeINPa
sIeak ueaw ‘HOT:NTT
‘g'G/ = afe ueaw :Q ‘L 'VT
= UO13eINPA SIeak Ueaw ‘42T
INZT ‘0t = abe ueaw : A
»yjse1 adeys "€°GT = uo1eINPa
sieak ueaW ‘TT:NL ‘V'vL = 12

*p1o 10U Ing BunoA
ur Alowsw Buijiom
193[q0 pue [equan

pue Jouiadns Buipnjour yiomiau e ur AjALOe leuoieN pue AsejngesoA U1 paLsen Jey) sadeys 10 s1ana| J0 enuawep  abe ueaw O {2'GT :uolEINPa 10 ‘YT 1A Disel Ul 9AJasaJ dAIIUBOI 10}
UMM 9AJ3S31 SAINIUBOD JO SUOIISII00 HFN pue d-SIVM Jo Bunybram ‘sisAjeue S18S JO [eASLIIA) pUR ‘B0URUBIUIRW ou ‘ssau|i oureIyoAsd sleak ueaw ‘4OT:NOE ‘T'Gz  adeys ‘8T :0 ‘Ov 3JOMIBU [eINaU UOWWOI
SOd ‘Buipodus Buninp sysey adeys pue J1ana7 A lenba :aAl8s31 aAIUBOD uanib JoN UOIJeLIBADD Ulelq 3]OYM ‘Buipoaus :xse) ssuodsas pakeja@ 14N 1o 9160j0Jn3U ON = abe ueaw : A :)se} Jaye] A Dseluane] V ‘8002 “Ie 18 i8IS
(6 vg un) [epuolyaid
d Ul 1Y YIM UOIR[81109 SO Ppue AJeindde
YUM uonealiod 93 ‘redwesoddiyered y
Ul 14 Yum 97N/ pue A9eInage Yim uole|aliod
SOd A xd.uw < d_ozv ledweooddiyered
d Ul 1Y YIM UOIR[81109 SO Ppue AJeindde
ynm uonejelI0 93N (N < YO S)
uoleuIWwIa1dQ paujwex3
(s)108443 10 UOIIL[B1I0D BOURLIIOLIA] aouewI0)Iad uonoun4 (s)uoibay Buibew| JAuesH,, syuedionaed syuedionied
/55920NS /55329NS ureag ui (s)aouaiayiq oy ureag paisa) whipeaed J0 adAL 0 uonluaq J0 so1sLIBloRIRYD 0 J3quinN uoinen

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2013 May 02.

Biol Psychiatry. Author manuscript



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Eyler et al.

Summary of Study Characteristics for Reports in the Review

Table 2

Page 24

Study Characteristic Summary
Sample Characteristic Young Sample Old Sample
Median Range Median Range

Number of Participants 12 0-40 14 6-69
Gender Ratio (Men/Women) 1 (mean: 1.3) 0-9 1 (mean: 0.97) 0-3
Mean Age (years) 24 19.5-33.4 69.9 59-81.5
Minimum Age (years) 20 18-30 61 50-73
Maximum Age (years) 29 25-49 78 63-93
Mean Education (years) 16 14.5-17.8 16 10.2-19.3

Image Modality (no. of studies) 28 fMRI, 19 PET

Exclusion Criteria (no. of 45 neurological, 37 psychiatric, 36 medical, 35 cognitive, 25 medications, 16 radiological abnormalities

studies) *

Challenge Task (no. of studies)™ 1 rest, 21 episodic memory (phase: 13 encoding, 15 retrieval [method: 4 recall, 10 recognition]; stimuli: 13
verbal, 3 figural, 2 faces, 2 abstract), 8 working memory (stimuli: 7 verbal, 1 spatial, 1 facial), 5
inhibitory, 2 motor, 2 language, 2 visual search, 2 nondeclarative memory, 1 visual attention

Brain Regions Examined (no. of 1 whole brain (single value), 28 voxel-wise with whole brain coverage, 24 region of interest

studies) *
Measure of Cognitive 35 accuracy, 20 reaction time, 4 composite of accuracy and reaction time; 38 based on scanner task
Performance (no. of studies) performance, 9 based on tasks given outside of scanner

*
Note that the number of studies does not always add up to 47 across the categories because a study could be counted in more than one category.
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Table 3

Summary of Brain-Behavior Relationships in the Reviewed Studies

Brain Response

Successful Normal Mixed

Performers Performers Findings

> Normal > Successful

Performers Performers
Any region 38 25 19
All examined regions * 19 6 19
Frontal cortex 19 6 9
Temporal cortex 7 3 5
Parietal cortex 10 4 2
Occipital cortex 6 6 2
Hippocampal / Medial Temporal 5 5 0
Basal ganglia 4 2 0
Thalamus 2 4 1
Posterior cingulate 3 1 0
Cerebellum 3 1 0

*
Note that for 2 studies there were no significant regions that were related to task performance (12, 35), and for 1 study the measure of
performance was not readily classified into “successful vs. unsuccessful” (34)
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