1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

NATIG,

o
R HE

s sy,
D

10

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
J Psychiatr Res. 2015 January ; 60: 56—64. doi:10.1016/j.jpsychires.2014.10.003.

A meta-analytic review of the effects of exercise on brain-
derived neurotrophic factor

Kristin L. Szuhany?, Matteo Bugatti?, and Michael W. Otto?

aDepartment of Psychological and Brain Sciences, Boston University 648 Beacon St., 51" Floor,
Boston, MA 02215

Abstract

Consistent evidence indicates that exercise improves cognition and mood, with preliminary
evidence suggesting that brain-derived neurotrophic factor (BDNF) may mediate these effects.
The aim of the current meta-analysis was to provide an estimate of the strength of the association
between exercise and increased BDNF levels in humans across multiple exercise paradigms. We
conducted a meta-analysis of 29 studies (N = 1,111 participants) examining the effect of exercise
on BDNF levels in three exercise paradigms: (1) a single session of exercise, (2) a session of
exercise following a program of regular exercise, and (3) resting BDNF levels following a
program of regular exercise. Moderators of this effect were also examined. Results demonstrated a
moderate effect size for increases in BDNF following a single session of exercise (Hedges’ g =
0.46, p < 0.001). Further, regular exercise intensified the effect of a session of exercise on BDNF
levels (Hedges’ g = 0.58, p = 0.02). Finally, results indicated a small effect of regular exercise on
resting BDNF levels (Hedges’ g = 0.28, p = 0.005). When analyzing results across paradigms, sex
significantly moderated the effect of exercise on BDNF levels, such that studies with more women
showed less BDNF change resulting from exercise. Effect size analysis supports the role of
exercise as a strategy for enhancing BDNF activity in humans, but indicates that the magnitude of
these effects may be lower in females relative to males.
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Introduction

There is a wealth of evidence that exercise improves both cognition (Roig et al., 2013; Smith
et al., 2010) and mood (Josefsson et al., 2014; Rethorst and Trivedi, 2013; Stathopoulou et
al., 2006), with evidence suggesting that brain-derived neurotrophic factor (BDNF) activity
may mediate these effects (Erickson et al., 2012; Heyman et al., 2012; van Praag et al.,
2005; Vaynman et al., 2004). BDNF is a protein found in high concentrations in the central
nervous system, primarily in the brain regions of the hippocampus, cerebral cortex,
hypothalamus, and cerebellum (Murer et al., 2001). Central BDNF can cross the blood-brain
barrier and therefore be stored in other areas of the body; however, BDNF can also be
produced by tissues in the periphery, making it difficult to identify in humans whether
BDNF changes in serum levels result from changes in central or peripheral BDNF (Erickson
etal., 2012; Murer et al., 2001). BDNF has been implicated in neural development and
functioning, including neurogenesis, dendritic growth, and long-term potentiation of neurons
(Altar, 1999; Gorski et al., 2003; Huang et al., 1999; Lu et al., 2005). Non-quantitative
reviews from both the animal and human literature (Huang et al., 2014; Zoladz and Pilc,
2010) provide evidence that BDNF increases following exercise in rodents and acute and
programmed aerobic exercise in humans. Animal models provide more consistent evidence
for exercise-induced upregulation of BDNF, given the ability to measure BDNF centrally;
however, studies indicate that peripheral (serum and plasma) and central BDNF levels are
correlated in mouse models (Angelucci et al., 2011; Karege et al., 2002), with some
evidence for similar associations in humans (Krabbe et al., 2007). There is also tentative
evidence that peripheral levels of BDNF may have central effects (Schmidt and Duman,
2010). Given the evidence for BDNF increases, exercise can be viewed as a potential
strategy for inducing BDNF activity for application to the enhancement of mood or
cognition.

Indeed, individual studies have demonstrated the effect of higher BDNF levels on numerous
cognitive processes. For example, higher BDNF levels have been associated with better
spatial (Erickson et al., 2009; Rex et al., 2006), episodic (Egan et al., 2003), recognition
(Komulainen et al., 2008; Whiteman et al., 2014), and verbal memory (Grassi-Oliveira et al.,
2008) as well as better hippocampal functioning (Erickson et al., 2012). In addition,
decreased levels of BDNF, particularly in older adults, have been associated with
hippocampal atrophy and may contribute to memory impairment, which may be linked to
cognitive challenges experienced in Alzheimer’s (Erickson et al., 2012; Murer et al., 2001).

Qualitative reviews (e.g., Huang et al., 2014; Zoladz and Pilc, 2010) present significant
evidence that exercise enhances BDNF levels; however, they do not provide the magnitude
or reliability of this effect. The goal of the present quantitative meta-analytic investigation
was to document the level and reliability of the effect of exercise on changes in BDNF
activity in humans. Three distinct paradigms have been used to study this effect: (1) changes
in BDNF levels across a single session of acute exercise, (2) changes in BDNF levels across
a session of exercise following a program of regular exercise (showing changes in BDNF
release following repeated bouts of exercise), and (3) changes in resting BDNF levels
following a program of regular exercise. Each of these was examined separately due to
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evidence that the effects of exercise on BDNF vary across paradigms (Huang et al., 2014).
In the current meta-analysis, potential moderators (e.g., sex, age, assay type, diagnostic
status, and exercise frequency) of the effect of exercise on BDNF were investigated.

Materials and Methods

Search Strategy

Studies published in English through February 2013 were identified using the search engines
PubMed, PsycINFO, and Google Scholar. The following search terms were used in
combination: brain-derived neurotrophic factor, BDNF, exercise, and physical activity.
Reference sections of identified articles and relevant reviews were also examined to detect
articles not captured by this search.

Study Selection and Data Abstraction

Identified studies were selected for inclusion in analyses based on the following criteria: (1)
focus on a human population, (2) use of a precise measure of BDNF concentration levels
(i.e., plasma or serum), and (3) administration of an exercise procedure or measure (i.e.,
acute exercise test, programmed regular exercise). If levels of BDNF were not able to be
determined in the text of the article, such data were requested from the study authors. In the
current report, data were abstracted from the articles by one of the first two authors and
independently checked for accuracy. Any inconsistencies regarding inclusion or data
extraction were resolved in a consensus meeting with the senior author.

Study Characteristics

Within each of the identified studies, several variables were evaluated to determine if they
moderated the association between exercise and changes in BDNF levels from pre-exercise
to post-exercise. These included sex (expressed as % female), age, assay type (i.e., serum or
plasma), diagnostic status, and exercise frequency (defined as greater than or equal to
American College of Sports Medicine guidelines, Garber et al., 2011).

Most studies of programmed exercise included for analysis involved a training program of
aerobic exercise (n = 15); however, five studies included strength or resistance training, with
two studies examining both strength and endurance (aerobic) training. Aerobic exercises
varied among programs, with some programs combining multiple exercises, in the following
frequencies: cycling (n = 8), running (n = 5), walking (n = 3), swimming (n = 1), rowing (n
= 1), and unspecified/individualized (n = 4). Most programs required supervised training
sessions (n = 16), whereas a few offered home-based interventions (n = 2). All but one of
the programs that reported exercise intensity required moderate intensity exercise, with the
other program involving high intensity exercise. Several 0 compared a training vs. sedentary
control (or other active control, such as stretching) group (n = 9); eight studies utilized
within-subject designs.

Data Synthesis

Random-effects analyses were used in this meta-analysis. Random-effects analyses are
considered to be superior to fixed-effects methods, which assume homogeneous population
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effect sizes, due to minimization of type | error rates (Hunter and Schmidt, 2004; Lipsey and
Wilson, 2000) and more realistic representations of heterogeneous effect sizes in the
population (Field, 2001).

Effect sizes were calculated using Hedges’ g (Hedges and Olkin, 1985), a variation of
Cohen’s d that corrects for biases due to sample sizes. To keep samples independent, one
estimate of effect size was used per study; if a study included multiple effect sizes for a
single construct, these effect sizes were averaged prior to data synthesis with other studies.
Effect sizes of exercise at different intensities were averaged for overall study effect size;
however, control groups (e.g., stretching) were not included in the overall effect size. We
completed a separate moderator analysis of active (e.g., stretching) versus non-active (e.g.,
sedentary, waitlist) control groups, which revealed no moderation effects of control group
type across paradigms (Q(1) = 0.06, p = 0.81) or within paradigm (all p > 0.07). Analyses
were conducted combining both aerobic and strength/resistance training as well as with
strength/resistance training examined separately, given the potential differential effect of
these styles of interventions. Effect sizes were interpreted in the following manner: small
effect (g = 0.2), medium effect (g = 0.5), and large effect (g = 0.8), based on Cohen’s (1992)
standards.

For categorical moderators (e.g., assay type, diagnostic status, exercise frequency), effects
were tested by computing Q tests to evaluate if effects varied systematically between
groups. For continuous moderators (e.g., seX, age), we used bivariate correlational analyses
to evaluate significance.

Finally, publication bias was assessed. Publication bias allows for protection against the
“file drawer effect,” which posits that studies with null findings are less likely to be
published and therefore unrepresented in the literature search and following meta-analysis.
We evaluated publication bias using multiple methods. First, we examined the fail-safe N,
which determines the number of additional studies with a null result required to reduce the
overall effect size to non-significance (Rosenthal, 1991; Rosenthal and Rubin, 1988). If the
fail-safe N is greater than 5 times the number of studies in the analysis, the results can be
interpreted as robust (Rosenthal, 1991). Second, we visually inspected the funnel plot for
symmetry relative to the mean effect size. Greater symmetry indicates lesser likelihood of
publication bias. All data analyses were conducted using Comprehensive Meta-Analysis
Software (Bornstein et al., 2005).

A total of 61 studies was initially identified as likely meeting inclusion criteria; evaluation
of these studies resulted in a final sample for analysis that included 29 studies (see Figure 1).
Studies were excluded when sufficient data were not available (following several contact
attempts with authors), when outcomes were not based on BDNF levels following a bout of
exercise, or when BDNF genotypes rather than levels were assessed.
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Table 1 displays the characteristics of the 29 studies, representing 1,111 participants (mean
age = 42.1, % female = 46.6%), included in the analysis. Fourteen studies (48%) examined
changes in BDNF levels after a single session of exercise, eight studies (27%) examined
changes in BDNF levels immediately post-exercise in a design evaluating the effects of a
program of regular exercise, and thirteen studies (45%) examined changes in resting BDNF
levels following a program of regular exercise. Four studies included patients with a
diagnosis of a mental disorder: three of individuals with major depressive disorder
(Gustafsson et al., 2009; Laske et al., 2010; Toups et al., 2011) and one of individuals with
panic disorder (Strohle et al., 2010). Of these studies, three examined the effect of acute
exercise (Gustafsson et al., 2009; Laske et al., 2010; Strohle et al., 2010), whereas one
(targeting depression) examined the effect of programmed exercise on resting BDNF levels
(Toups et al., 2011).

Effect of Acute Exercise on BDNF Levels

Figure 2 shows the effect sizes for the 14 studies analyzing the effect of acute exercise on
change in BDNF levels. For these studies, BDNF levels were measured prior to and
following (from immediately to 60 minutes after) a single exercise session in the laboratory.
Pre- to post-exercise change in BDNF levels across a single exercise session reflected a
moderate effect size (Hedges’ g = 0.46, SE = 0.08, 95% CI =0.29-0.62,z=5.49, p <
0.001).

Effect of Programmed Regular Exercise on BDNF Levels

The effect of programmed regular exercise on BDNF levels was examined for two different
outcome variables. First, we examined the effect of a program of regular exercise, ranging
from 3 to 24 weeks, on changes in BDNF levels across a single session of exercise. In a
sample of 8 studies, pre- to post-exercise change in BDNF levels intensified following a
program of regular exercise (Hedges’ g = 0.58, SE = 0.25, 95% CI = 0.10-1.07,z=2.35, p
= 0.02). Results are displayed in Figure 3.

Second, we examined the effect of a program of regular exercise, ranging from 3 weeks to 2
years, on resting BDNF levels. In a sample of 13 studies, programs of exercise also
exhibited changes in resting levels of BDNF; however, this result was on the order of a
small effect size (Hedges’ g = 0.28, SE = 0.10, 95% CI = 0.08-0.48, z = 2.79, p = 0.005).
Results are displayed in Figure 4.

Effects of Strength Training on BDNF Levels

Removing a resistance paradigm (i.e., arm and elbow strength) from examination of effects
of acute exercise on BDNF levels did not significantly impact the results (Hedges’ g = 0.49,
SE =0.08, 95% CI = 0.34-0.64, z = 6.48, p < 0.001). However, removing a resistance
training intervention from the effect of programmed exercise on acute BDNF levels reduced
the effect size previously observed (Hedges’ g = 0.26, SE = 0.15, 95% Cl = -0.03-0.54, z =
1.78, p = 0.075), potentially due to the very large effect size obtained in the removed study
(g = 3.53). Finally, removing one strength training study and two strength/resistance training
study groups did not significantly affect the observed effect for resting BDNF levels
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following programmed exercise (Hedges’ g = 0.29, SE = 0.10, 95% CI = 0.09-0.50, z =
2.82, p = 0.005).

When examining the five studies which included strength/resistance training groups, the
effect did not reach significance (Hedges’ g = 0.57, SE = 0.41, 95% Cl = -0.24-1.37,z =
1.39, p = 0.17), perhaps due to two studies exhibiting moderate to strong positive effects and
three studies exhibiting negative effects.

Moderators of Exercise Effects on BDNF Levels

Of the moderators of interest, the proportion of women in studies, participant age, and assay
type (i.e., serum or plasma) were not confounded with the type of exercise program. Across
all studies, we found a significant negative correlation between effect size and percentage of
women in studies (r(33) = -0.38, p = 0.03). Effect sizes were smaller for studies with a
greater proportion of women and retained significance when the one outlying effect size
estimate (g = 3.53) was excluded from the analysis (r(32) = -0.37, p = 0.04). Across all
studies, participant age was not significantly related to changes in BDNF levels following
exercise (r(32) = -0.24, p = 0.19), nor was assay type (serum or plasma; Q(1) = 0.54, p =
0.46).

The potential moderators of diagnostic status and exercise frequency were specific to the
type of exercise paradigm; hence, the latter variables were examined only within the
relevant paradigms, albeit at low power. Within studies of resting BDNF levels, exercise
frequency category was not significantly related to BDNF levels (Q(1) = 0.001, p = 0.98).
Of note, effect sizes for two psychiatric samples studied (major depressive disorder and
panic disorder) were at least that of healthy samples for both acute exercise (0.49 for
psychiatric versus 0.40 for healthy; Q(1) = 0.86, p = 0.36) and resting BDNF following
regular exercise (0.40 for psychiatric versus 0.17 for healthy).

Publication Bias

Publication bias was evaluated separately for each of the three paradigms examined.

Acute exercise—Evaluation of publication bias indicated that 191 studies reporting a null
effect would be required to shift the observed effect to a non-significant level. A fail-safe N
of 191 is substantially greater than the number of studies needed for a robust effect (N = 80)
according to guidelines suggested by Rosenthal (1991), indicating that our effect is robust
for this paradigm. Also, the funnel plot is for this paradigm is roughly symmetrical by visual
inspection (see Supplemental Materials).

Programmed regular exercise—The fail-safe N of 50 for the effect of programmed
regular exercise on BDNF levels immediately following exercise equaled the number of
studies needed for a robust effect (N = 50), and the funnel plot appeared roughly
symmetrical by visual inspection. Finally, the fail-safe N of 54 for the effect of programmed
regular exercise on resting BDNF levels was marginally less than that needed for a robust
effect (N = 80). The funnel plot also appears asymmetrical with more studies with small
sample sizes appearing above the mean than below the mean, indicating that studies with
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smaller sample sizes are more likely to get published if the effect sizes are greater. Funnel
plots are presented in Supplemental Materials.

Discussion

This meta-analysis provides reliable evidence that both acute and regular exercise have a
significant impact on BDNF levels. Evidence from 14 studies indicated that a single session
of exercise increases BDNF levels, reflecting a moderate effect size. Moreover, regular
exercise intensifies the magnitude of these effects with increased BDNF responsivity,
reflecting a moderate effect size, following a regular program of exercise relative to those
completing acute exercise alone. Both of these findings are reliable as evaluated by fail-safe
N and funnel plot analyses. Finally, 13 studies demonstrated that programs of regular
exercise also impact resting BDNF levels; however, this effect was more modest than that
seen immediately after exercise, and this effect was not considered robust.

Considering these findings, there is reliable evidence from human studies indicating that
each episode of exercise results in a “dose” of BDNF activity and that the magnitude of this
“dose” can be enhanced over time by regular exercise. The relative importance of these
episodic BDNF doses, relative to the more subtle increases in resting BDNF levels seen
across an exercise program, is not clear. Much more information is needed on the time
course of benefits from exercise, particularly cognitive benefits, and the potential
importance of BDNF activity at the time of learning, rather than as a general prime in the
days before a learning task (Korol et al., 2013). Moreover, the staying power of brief
exercise interventions needs to be elucidated, particularly given evidence in animal models
that cognitive gains from brief exercise training (e.g., 4 weeks) can be lost within several
weeks (e.g., Hopkins et al., 2011).

More generally, animal studies provide evidence for a variety of mechanisms by which
BDNF enhancement from exercise results in improved cognition. For example, as little as
one week of exercise improves subsequent learning in animals, an effect that is eliminated
by blockade of BDNF in the hippocampus (Vaynman et al., 2004). Also, exercise-induced
BDNF activity can reduce the threshold for successful encoding and memory (Intlekofer et
al., 2013) and has been hypothesized to place the brain in a state of readiness for plasticity
(Cotman et al., 2007). The precise mechanism of this readiness is made challenging by the
host of pre-synaptic enhancement of neurotransmitter release and post-synaptic N-methyl-D-
aspartate receptor (NMDA) and a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) receptor changes as well as important downstream activity (e.g., CAMP response
element-binding protein; CREB) associated with exercise-induced BDNF activity (Christie
et al., 2008; Vaynman et al., 2004), all of which could play a role in long-term potentiation
effects. In addition, in terms of longer-term structural changes, exercise appeared to reverse
hippocampal degeneration and declining hippocampal network efficiency in aged animals,
with enhancement of presynaptic densities and greater connectivity (Siette et al., 2013).
These changes appear to explain the observed improvements in recognition memory
associated with exercise in animals (Cotman et al., 2007). In addition to the rescue of
hippocampal neurons from the negative effects of aging, exercise-induced BDNF activity
helps reduce the effects of specific stressors, including oxidative DNA changes (Yang et al.,
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2014) and disruption of synaptic plasticity from sleep deprivation (Zagaar et al., 2013).
Also, relative to models for cognition, models for exercise-induced BDNF effects on mood
have undergone only limited development, drawing from the stress-protective aspects of
BDNF, as well as the effects of antidepressant medications on BDNF (for review, Duman
and Monteggia, 2006), but otherwise not offering detailed mechanisms. Greater
specification of the role of BDNF in mood disorders awaits additional study.

Concerning human studies, we had limited power to examine moderating influences of
interpersonal and exercise characteristics, due to the limited sample size within each of the
exercise paradigms investigated. When examining moderators across paradigms, sex
significantly moderated the effect of exercise on BDNF levels, such that BDNF did not
increase as much in females following exercise as in males. Given these data, we encourage
further evaluation of this discrepancy in BDNF production and the use of sex as a covariate
to hone the evaluation of exercise effects on BDNF, as well as outcomes assumed to be
mediated by BDNF activity.

Also of interest is the magnitude of exercise effects on BDNF levels for psychiatric
populations and healthy populations. In our meta-analysis, effect sizes between these
populations were in similar ranges for acute exercise, but raised the question whether regular
exercise may have greater effects in psychiatric than healthy participants, given a tentative
2:1 difference in mean effect sizes for BDNF changes across exercise (0.40 for psychiatric
versus 0.17 for healthy). More studies are needed to see if these potential differences
become reliable. Yet, our tentative results raise the possibility that programs of exercise may
help rescue the low resting BDNF levels often observed in depressed patients (Brunoni et
al., 2008; Piccinni et al., 2008) and exercise produces effects in a similar range to those of
antidepressants (d = 0.62 for antidepressants, Sen et al., 2008). Future research may also
focus on differences in exercise effects on BDNF in populations with medical conditions. In
our meta-analysis, we did not find significant differences between healthy individuals and
those with medical conditions (e.g., obesity, MS, diabetes), but conclusions are limited due
to few studies examining medical populations.

Future studies also need to examine the effects of strength/resistance training on BDNF
levels in comparison to effects of aerobic exercise on BDNF levels. Our meta-analysis had
limited power to assess these affects due to the small number of studies including strength
training. These studies also included considerable variation in the strength and direction of
effects, with three studies indicating negative effects of strength training (Correia et al.,
2010; Schiffer et al., 2009; Swift et al., 2012) on BDNF levels and two studies indicating
positive effects (Goekint et al., 2010; Yarrow et al., 2010), with one of these studies
showing a very large positive effect (Yarrow et al., 2010). Given the importance of both
aerobic and strength exercises in an exercise program, it would be beneficial to identify
BDNF changes across both paradigms.

Other potential moderators for future study include exercise intensity (e.g., mild, moderate,
vigorous), sedentary status (e.g., sedentary, regular exercise completer, athlete), and

genotype (e.g., val66met) as well as further investigating the potential negative association
between age and effect size. Exercise intensity was reported in several studies as estimated
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% of VOomax. However, several studies failed to report intensity and many studies only
evaluated moderate intensity exercise. Future studies should clearly report exercise intensity
level, utilizing estimated metabolic equivalents (METS) in order to better uniformly describe
results. In addition, future studies should consider investigating the effect of varying degrees
of exercise intensity on BDNF production. Sedentary status (e.g., as quantified by the
Physical Activity Recall Questionnaire: (Blair et al., 1985); or the International Physical
Activity Questionnaire: (Craig et al., 2003)) and genotype expressions were rarely reported
in detail in the studies examined, therefore, making these variables difficult to assess as
moderator variables. The val66met polymorphism in particular may be important for
understanding age-related cognitive decline and degree of BDNF response to exercise
(Erickson et al., 2012; Phillips et al., 2014).

Despite these unanswered questions, the available evidence indicates that exercise should be
considered as a successful strategy for enhancing BDNF activity. Accordingly, use of
exercise to enhance cognitive abilities and living skills has recently been successful in
dementia patients according to meta-analytic review (Forbes et al., 2013), with preliminary
promising evidence in Parkinson’s disease (Ahlskog, 2011), and schizophrenia (Oertel-
Knochel et al., 2014). The fact that exercise offers wide ranging physical health benefits
(Alford, 2010) in addition to effects on mood (Asmundson et al., 2013; Josefsson et al.,
2014; Stathopoulou et al., 2006) and cognition (Erickson et al., 2012; Smith et al., 2010)
encourages the regular application of exercise as a particularly broad spectrum intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study selection process

Studies (n = 11) excluded for the
following reasons:

Focus on genetic BDNF data (n = 6)

Irrelevant paradigms (e.g., no measure
of BDNF changes with exercise)
(n=4)

Review or qualitative paper (n = 1)
Self-reported exercise (n = 6)

Repeated sample (n = 1)

Studies excluded because required data
were incomplete and authors could
not provide supplementary data (n =
14)
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Figure 2.

Effect sizes of the association between exercise and BDNF levels following acute exercise.
s, Serum; a, acute exercise.
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Effect sizes of the association between acute exercise and BDNF levels following
programmed regular exercise. ¢, change after programmed exercise.
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Effect sizes of the association between exercise and resting BDNF levels following
.S, serum; r, resting BDNF levels after programmed exercise.

programmed regular exercise

J Psychiatr Res. Author manuscript; available in PMC 2016 January 01.

Favours E

200



Page 20

Szuhany et al.

351049%3 pawiweabo.d sejnbai Js1)e painsesw 4NAG SIN0Y

Auieay 'sa o1ued ‘1sal 0ToZ “IB
€80 181nb "SA 881049X3 e/u (®WCON (%01) dreIspON 158} |[1wpeal} ulw 0g e/u wnias 6'T¢ GL | zt olued 18 8lyons
Il'wipes. uo 0T0C
810 | Auyyesy 'sa passaidag ’/U UoISNeYXa [eUOIIOA [1IUN 159] 8S19J8X8 [BIUBWAIU| ’/U wnJas €09 00T [ore] aan | “reiweyse
$]0J3U09 6002 “|e 19
120 | Ayyesy sa passaidag ’/U uonsneyxa [nun Jajawobla pazieindwo) B/U ewse|d NN 0S 9e aan uossfeIsne
2102 e
ENRIENE] 19 MOSseY|
820 asuajul 'sA b1 ’/U 1918W0B13 31942 ulw g e/ wnJas €z 0S ov AyiresH -Ipluyos
2102 “Ie
vL0 ’/U ’/U UOISNBYXa [eUOII|OA Buipho '/ wnJas 2z 0 0T AyiresH 19 1jj8unIg
1702 "l 18
8v'0 ’/U B/U wdgosT 0L 1591 9s19J9X8 papelo ’/U wniss 2S¢ 00T 0z AyijesH efisA seloy
103U0d Aleluapas 1881 1102 “IE
1€0 *SA S19S1019X3 B/U uonsneyxs [nun | as1olaxa papelb Jalewobig ’/U wniss Fd 0 It AyijesH 18 U
TT0C
GZ0 e/u /U (®UCON %tr1) drRISPOIN Buijako e/u wnJas ey 9z | s8¢ AyiresH “le1s sog
0ToC
590 ’/U ’/U uonsneyxa [nun Burjoho Jsrewobig ’/u ewse|d 8'62 0 A ApesH | “e1s wayles
SUOIOBIUOD 0Toz e
80°0— ’/U ’/U MO(|9 pue 33Uy [eWIXe|N (moqpayeauy) yibusns e/ ewse|d 9ve 0 9T AyiresH 19 BI9110D
[4r4
680 ’/U ’/U UOIISNBYXa [eUOIIOA [1IUN [[Wpeas] [ewixew aonig e/ wniss 79 ewseld 6T 0 8T AyiresH “[e18 0yD
600C “le ¥
vL°0 I e/u (®U2ON %56-58) UBIH Buimo yy e/u ewseld NN 0 8 AwpresH | usssnwsey
800¢
GE0 ’/U '/ pauiodal 10N Buiddass uiw gt ’/U wnJas NN 0S 9T AuyifesH “le 10 Bue]
(WZo A 800Z “Ie
2L T | sunexogai 'sa ogaoe|d ’/U 10 94G/—GS) S1eI8poN BurjoAo ornewobis uiw g9 ’/U wnJas 622 0 1T AyiresH 19 JUBR0D
9519493 91N9e JaYe Palds||0d 4NAdg
weaboud

6 dnoub jo3u00 | paseg-swoH 3S1949%3 as1olaxa | asio4axa Jo ainseawl aby | srewsy paipnis

s.abpaH /paziwopuey | /pasintadng 10 Aususyu| JoadAL uoneang iNag | uesiy % N | uonejndod Apms

NIH-PA Author Manuscript

S|ans] 4N Pue 8s1019X8 Uaamiaq UOIRID0SS. 8l JO SaIpns 10) sonstiajoeeyd ajdwes

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Psychiatr Res. Author manuscript; available in PMC 2016 January 01.



Page 21

1043U02
Buiydglans ‘paulquiod (m/pg) paurquiod
‘Buluresy souelsisal ‘Buluresy souelsisal | (syuow g) 2102
IT0- ‘3510193 21q0JaY pasiniadng (Yo 9608—0G) a1elapoN ‘9510J9%3 210ty | Syoam 9g wnJas 6'9S 165 | 0ST sajaqeIq “le 18 YIMS
syeam 1102 “IE
220 | Arejuapas 'sa as104ax3 pasiniadng 81eI3POIN Opw/pg) BuippAo oigosay | G ‘sysam g wnJas 44 0 1Y AuresH 18 UL
1041U0D (1eak 1) 1102 “IE
6T°0 | Buyorans s as1o1ex3 pasiniadng (YO 909) 81RI9POIN Bursjiem o1qosay | syeam gg wnJas 999 199 | ozt AuifesH 19 UoSyILIg
Buimos ‘Buiuwnms | (syauow g) 0102
€G'T | Arejuapas ‘sa Bulures] pasiniadng (YO 9%0/) 81RI9POIN ‘Buiuuna ‘BurjokD SYoaM ZT ewseld 862 0 T AyieaH | “le 19 Lases
0Toz “IB
€0 | Areuapas ‘sa Bulures] pasiniadng pauiodal J0N (Imypg) sastaiaxa yibuansg SMeaMm 0T wnJas 212 1’12 9T AuifeaH 19 JUDB0D
NYT *018 ‘sayounto
1043U09 'SA YiBuans 9608—0/ :yibuans (**Uon ‘smod ‘ssaid ‘ana :yibuans 6002 I8
€2°0- 'SA 8ouRINPUT pasiniadng 908) yb1y :9oueINpU] ‘Buruuny :soueINpug SHoOM 2T ewse|d ford NN 12 AyiresH RERETTTIRIS
800Z “Ie
6.0 B/U pasiniadng ajelapow | (ymy/py) BuioAd ssuelnpug SH)9aM G ewseld 122 0 €T AuifeaH 19 Zpe|oZ
as1049xa pawweaboad aejnbaa asye painseaw 4NQg Bunssy
Buyuresy axiq dnjenbe ¢10e
40 'SA Jojewofie pue | pasiasedng (2O 9%09) 81RIBPOIN (im/pg) Butpho | sxeem g wniss | T'TS €19 | es SN | “leis 1sueg
S99M 8002 “le 18
870 [013U0d 'SASIA | pasialadng (*“CON %09) 81e13pOIN (Gimype) Butphd | g 'syeam v wnJas or LeL | ez S oue|[a)sed
(imypz) Buturen 00T "I
¥T°0 ]013u02 "sA Buluresy | paseq-swoH (YO 9509) S1RISPOIN 21¢j0JaR pazijenpiAlpu| SH9OM 8 wnJss 568 89 T4 SN 19 Z|NYos
JUBLIUOIIAUD €102
2€°0- [ednJ ‘sA uegn pasiniadng (YO %SG /) 1eIapOIN Buruuni pue Bujep S)oam ZT wnJas T2 29 174 AuifeaH “le 18 sog
(*HeoN
%07—0€ :SonseuwAp
]043U09 SA SIISeUWAB XRWZH A 9609—-0G sonseuwAB | (syuow 9) TT0Z "B 10
810 'SA Buisem o1pIoN pasiniadng :BuIyjem 21pION) a1eI8pOIN pue Buijem o1pJoN SHIOM 172 wnJas 209 ) 29 AyiresH | yAemeyosny
Buluren soueisisal
pasueyUa J141UBII3 INYT %02T—0S :013U8223 0TO0Z “IE
[ ‘SA Jeuonipel | pasiniadng SNYT %G/ cJeuonipedt | (iwypg) Buluresy souelsisey YoM G wnJas 612 0 0z AuifesH 10 MOLIBA
Buimos ‘Butuwnms | (syauow g) 0102
~ 000 | Asejuspas ‘sA Bulurel | pasiniadng (YO 9%0/) 81RI9POIN ‘Buiuuna ‘BurjokD oM ZT ewseld 862 0 T AulfeaH | “le 18 Wases
o
= uonsneyxa o}
> 1918W06130]942 11581 ‘(M 8002 “Ie
S 960 ’/U pasiniadng a1eIapoIN /py) BuijoAd aourinpuy YoM G ewse|d 122 0 €T AuifesH 19 Zpe|oZ
» weuboud
] dnoub joJ3u0d | paseq-awoH 351049%8 3s1049xa | 9s1949Xa JO ainseawl aby | sjewsy paipnis
s.abpaH /paziwopuey | /pasintadng 10 Aususyu| JoadA) uoneang 4Nag | uesy % N | uone|ndod Apms

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

; available in PMC 2016 January 01.

J Psychiatr Res. Author manuscript



Page 22

“UMOUNUN = N ‘wnwixew uonnadal = Y ‘Yeam/B/[eay = MMM ‘Wuswiredwi sAuBod pliw = |DIA ‘SIS048]9s 8|dn|nw = SNl ‘48plosip aAlssaidap Jofew = QN 910N

(sypuow €) €102

180 eu | pasiaadng (2O 9%G9) dreISPOIN (iw/pg) i1q ‘IwpealL | sqeamgT | wniss pewsed | €'8e 09 | ¢t 38900 | “[es ehely

(sreak ) 210Z e

G20 B/u | paseq-awoH ajeIspoiN (ivypg) payroadsun | sxeem yOT ewseld 6L vy | ozt 8s9q0 | 19 o1diiod

a1q o1renbe [4r4

220 10 Jajewobua pue] pasiniadng (WO 9609) S1RISPON (im/pg) BulpAD SHPIM € wnJas T'1S €/9 25 SN “le 18 1sueg

1043U09

Buiyolaais “sn as1010xa (*eon Gimypy) | (supuow 9) 0102

60 Ausuawut ybiH | pasiatedng %6G8-G.) yb1y 01 a1eJ3pON [eandiyfe ‘aiq ‘JiwpesL | s3eem g ewseld 0L 16 | ee IO | “re18Jedeg

) (*oNn (tmypz) Buturen ¥00Z "e

= 650 10J3u03 "sA Bututes] | paseq-awoH G/ Xew) ajelspo 21gj0JaR pazifenpiAlpu| SHPaM 8 wnJas 568 89 8z SIN 19 ZINYos
-

> ainpuadxa (ainmipuadxa moj) MMIY 10 1102

8 200 ABiaua moj "sA ybiH pasiniadng (aunupuadxa ybiy) MMM 9T paiy1oadsun SYoaM ZT wnJas v'6¥ 98/ 0L aan | “rewsdnol
~

%] weuboud
] dnoub joJ3u0d | paseq-awoH 351049%8 3s1049xa | 9s1949Xa JO ainseawl aby | sjewsy paipnis
s.abpaH /paziwopuey | /pasintadng 10 Aususyu| JoadA) uoneang 4Nag | uesy % N | uone|ndod Apms

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Psychiatr Res. Author manuscript; available in PMC 2016 January 01.



