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 i g  h  l  i  g  h  t  s

Stress  during  adolescence  causes  a  long-term  increase  in  anxiety.
Increased  hyponeophagia  is evident  196  days  after  exposure  to  unpredictable  stress.
Behavioral  changes  are  not  mediated  by  altered  basal  corticoid  “stress”  hormones.
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a  b  s  t  r  a  c  t

Exposure  to stress  during  adolescence  can cause  long-term  changes  in  behavior  and  cognition.  Anxiety
diagnoses  rise  during  adolescence  and  are  increased  by adverse  experiences.  Currently,  it  is unknown
how  long  stress  during  adolescence  alters  anxiety  in  adulthood.  We  found  that  rats  exposed  to  chronic
unpredictable  stress  during  adolescence  expressed  altered  behavior  6.5 months  later;  showing  increased
anxiety  in  a feeding  test  in a novel  environment.  Although  behavioral  changes  indicative  of  anxiety  were
detected  in  late  adulthood,  the  basal  levels  of fecal  corticoid  metabolites  in prior-stressed  rats  did  not
eywords:
dolescence
nxiety
orticosterone
hronic unpredictable stress
attus norvegicus
ovelty suppressed feeding

differ  from  unstressed,  control  rats.
©  2014  Elsevier  B.V.  All  rights  reserved.
Both laboratory and clinical studies indicate that adolescence is
 stage of particular vulnerability to stress exposure [1,2]. Trauma
uring adolescence appears to increase anxiety rates more than
ther forms of mental illness, making anxiety an important target
or research [3,4]. Anxiety diagnoses increase during adolescence,
nd can be amplified by adverse conditions [2]. For example, ado-
escent survivors of the shipwreck of “Jupiter” in 1988 in Greek
aters had a 40.7% chance of developing an anxiety disorder, com-
ared to only 18.4% of a demographic-matched control population
3].
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In addition to increased psychological vulnerability, labora-
tory studies with rodents suggest that adolescents are more
physiologically vulnerable to stress [5]. During adolescence, the
hypothalamic-pituitary-adrenal (HPA) axis that regulates the hor-
monal stress response is still immature [5,6]. Compared to adults
given the same aversive stimuli, adolescents produce glucocorti-
coid “stress” hormones for a longer duration, thus increasing the
adolescent’s overall exposure to glucocorticoids [1]. Chronic expo-
sure to glucocorticoids can cause changes in both the brain and
behavior that may  persist for several months, including altered
neural development and modified dendritic branching [5,7]. Cur-
rently, however, it is unclear how long changes in anxiety persist

after animals experience stress during adolescence (see S1 for a
summary of current studies). This ambiguity is due, in part, to
the challenge of defining the adolescent phase in rodents; studies
vary in timing and duration of stress exposure, making cross-study
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Table  1
Chronic unpredictable stressor descriptions.

Physical stressors
Smaller cage Rat pairs were housed for 4 h in a cage 25% smaller than their home cage [15].
Damp bedding Rat pairs were housed for 6 h with 200 ml  of water mixed into 2/3 of the bedding of their home cage [16].
Cage  tilt Home cages were tilted at a 30◦ angle for 6 h [16].

Social  stressors
Isolation Rats were housed individually for 1 h in a clean cage with a 7.6 cm diameter PVC tube and a

2.5  cm × 2.5 cm × 8 cm pine wood block [6].
Crowding Two  pairs of rats were combined in one clean cage (20 cm × 45 cm) for 4 h [15,16].
Foreign bedding Rat pairs were housed in the soiled home cage of older conspecifics for 12 h [16].

Predation stressors
Taxidermied bobcat An adult male taxidermied bobcat was placed on a wheeled cart and pushed in front of rat home cages for

30  min  [17].
Fox urine Tink’s Red Fox-P® was  sprayed onto cotton balls, concealed in plastic container with 6 small holes for air

flow,  and placed into the rat home cages for 30 min  [18].
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omparisons difficult [8]. Additionally, there are numerous lab-
ratory measures of anxiety that vary in face validity, cost, and
ase-of-execution, again making direct comparisons of such assays
hallenging [9].

The current study investigated behaviors in a novelty sup-
ressed feeding test, which has been used as an assay for
nxiety-like behavior in animals for more than seven decades [10].
his test was selected because it has better face validity than other
odent behavioral assays; at least 2 weeks of daily selective sero-
onin reuptake inhibitor (SSRIs) treatment are required to alter
ehavior in the novelty suppressed feeding test, which is more con-
istent with timelines of SSRI effects and human therapies, whereas

 single exposure to SSRIs has been shown to alter behavior in
orced swim or tail suspension tests [10,11]. Additionally, nov-
lty suppressed feeding tests are based on natural rodent behavior,
otentially making their interpretation more reliable [12].

In a previous study of the effects of adverse social conditions
uring adolescence and early adulthood (from 32 to 77 days of
ge) on novelty suppressed feeding in mice, Sterlemann et al.
13] found increased anxiety-like behavior immediately follow-
ng social unpredictability, but, 12 months later there was  no
bservable difference from unstressed controls. Using a similar
pproach, we investigated novelty suppressed feeding in adult
ats after exposure to a diverse, chronic unpredictable stress
aradigm during adolescence that included social, physical, and
redation stress (Table 1). A variation of this chronic unpre-
ictable stress paradigm has previously been shown to induce

ong-term behavioral changes including enhanced reward loss sen-
itivity, accelerated decision-making, and a negative cognitive bias
19]. The current stress regimen included physical stress, which
ppears to induce longer-term changes in behavior and physiol-
gy compared with treatments that use only social stress [20],
nd also included a short period of early adulthood. We  assessed
nxiety-like behavior 6.5 months after completion of the chronic
npredictable stress paradigm (Fig. 1).

Male Sprague-Dawley rats (n = 30) were obtained at 21 days of
ge from Harlan Laboratory in Fredrick, Maryland, USA. Animals
ere pair-housed and maintained on a reverse 12/12 light–dark

ycle to allow for behavioral testing during the dark phase when
ats are most active. Nine days after rats arrived in the lab, a subset
f rats (n = 14) began the chronic unpredictable stress paradigm that
asted throughout the adolescent period and into early adulthood
rom 30 to 78 days of age, based on Sterlemann et al. [13]. Stressors

ere presented at variable times between 06:00 h and 01:00 h for

 days per week; although presentation order was  randomized, on
verage rats were exposed to each of the three types of stress twice
er week. After completion of the chronic stress procedure, all rats
d into the rat home cages for 30 min [19].
a concolor), domestic cat (Felis catus), lion (Panthera leo), and tiger
ed for 30 min.

were maintained in standard housing with no further exposure to
stressors for the remainder of the experiment. The additional 16
rats were maintained in standard pair housing throughout devel-
opment and served as unstressed controls. All experiments were
approved by the Pennsylvania State University IACUC committee,
protocol #35761.

At 274 days of age, 196 days after the chronic stress procedure,
anxiety levels were assessed using a novelty suppressed feeding
test. In this test, rats were exposed to a familiar food reward in
a novel environment; a longer latency to consume the reward is
indicative of behavioral inhibition and increased anxiety. To famil-
iarize animals with the food reward, an almond slice was placed in
a petri dish in their home cage in the same manner in which the ani-
mals would encounter the reward in the novel context [13]. Three
days later, the rats were tested by placing them in a fixed starting
position along the base of a wall in a novel 122 cm × 122 cm × 46 cm
opaque Plexiglas arena. The latency of each rat to pick up and con-
sume the almond slice in the center of the arena was measured.
The arena and petri dish were cleaned with 70% ethanol between
trials.

Ten days after the novelty suppressed feeding test, production
of glucocorticoid “stress” hormone (corticosterone) was  estimated
from fecal corticosterone metabolites at 287 days of age. It has been
suggested that long-term behavioral changes could be a result of
altered circulating levels of glucocorticoids [13]. Currently, there is
conflicting evidence whether long-term changes in circulating cor-
ticosterone occur after exposure to adolescent stress [6,7,13,22].
In addressing this question, to our knowledge only plasma-based
measures of corticosterone have been used after such a long delay
following exposure to adversity. Recently, it was  demonstrated
that male rats exposed to either novel or no social partners dur-
ing adolescence exhibited decreased basal corticosterone using a
fecal measure at 110 days of age [22]. The use of a fecal measure
later in life may  shed light on whether stress during adolescence
causes long-term changes in glucocorticoid production because
fecal measures quantify corticoid metabolites, which represent
only free corticoids. Biologically active, free corticoids are the sub-
set of corticoids available to respond to challenge because they
are unbound to corticosteroid-binding globulin (CBG) [21]. Plasma
measures typically quantify all corticoids both bound and unbound
to CBG. Consequently, measures of fecal corticoid metabolites are
suggested to more accurately represent the ability of an animal to
physiologically respond to challenge than plasma measures [21].

Fecal sample collection is also non-invasive, which may  provide a
more accurate measure of unstressed, basal corticosterone produc-
tion [21,23]. It should also be noted, however, that fecal measures
often require a greater difference in circulating corticosterone to
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Fig. 1. Timeline of novelty suppressed feeding test to 

etect a difference between groups compared to plasma measures
22].

Fecal corticoid metabolites were extracted and quantified using
 commercially available radioimmunoassay [125I] kit (MP  Biomed-
cals, Solon, OH) using procedures described in Wasser et al. [23]
nd Cavigelli et al. [24]. To extract corticosterone metabolites, fecal
ellets were dried in a centrifugal evaporator, crushed, and mixed
ith ethanol before boiling in a water bath. Samples were then cen-

rifuged, and the supernatant was evaporated and re-constituted in
ethanol. For the radioimmunoassay (RIA), aliquots were diluted

:50 (using steroid diluent from the RIA kit) to achieve antibody
inding along the linear portion of a binding curve, between 20
nd 80% binding. Replicates were run for all samples; samples with
ercent error above 6% were reanalyzed. ‘High’ and ‘low’ control
amples (at 60 and 30% binding) were included to verify accuracy.
orticosterone metabolite levels are presented as concentration
ng/g) relative to dry fecal weight. We  controlled for circadian
hythms by collecting all fecal samples 2 h into the dark phase of
he light cycle [24]. Fecal samples were collected within 20 min
f separating rat pairs in clean cages identical to their home cage.
orticosteroid and behavioral data were assessed using Levene’s
est for equality of variances. After natural log transforming the
orticosterone metabolite data, all data met  the assumptions for
arametric analysis.

The results showed that chronic unpredictable stress during
dolescence increased anxiety; rats exposed to stress in adoles-
ence took longer to initiate eating in the novel environment
initiate eating: t26 = 2.58, p = 0.02, Fig. 2). Adolescent-stress did not

ffect the latency to touch the food reward (t26 = 0.49, p = 0.63),
mplying that stress during adolescence may  specifically increase
nxiety without impacting the latency to approach objects, an
ndicator of boldness [25]. Exposure to adolescent stress did not
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ig. 2. In the novelty suppressed feeding test 196 days after the stress treatment, rats
xposed to stress during adolescence showed an increased latency before consum-
ng a familiar food reward in a novel environment, indicative of increased anxiety.

eans ± SE; asterisk indicates significance at p < 0.05.
te the long-term effects of stress during adolescence.

affect the time spent eating; once eating was initiated, the time to
complete eating was the same for prior-stressed rats (15.4 ± 2 s)
and unstressed control rats (13.1 ± 2 s; t26 = 0.86, p = 0.40). The
finding that adolescent-stress did not affect the rate of reward con-
sumption supports the postulation that the delay to begin eating
exhibited by prior-stressed rats was not caused by differences in
motivation to consume the reward, but by hyponeophagia.

The current results demonstrate the longest-retained increase
in anxiety-like behavior that has been documented following
stress during adolescence (S1). It does not appear that differ-
ences in glucocorticoid production underpin these behavioral
changes (t28 = 0.49, p = 0.63; Fig. 3). However, differences in
total fecal production were observed, complicating the com-
parison between groups, and suggesting that adolescent-stress
may  influence metabolic processes later in life (total dry fecal
weight: prior-stressed: 4.06 ± 0.3 g, control: 2.85 ± 0.4 g, t28 = 2.60,
p = 0.02). While we did not find evidence that changes in cir-
culating glucocorticoids underpin long-term behavioral changes,
excess glucocorticoid production occurring during adolescent-
stress exposure may induce structural changes in the brain that
are retained into adulthood, such as altered glucocorticoid receptor
density or neuronal structure [13]. However, it should also be noted
that although there was no detectable difference in fecal corticoids,
that does not necessarily mean that there are not physiologically
significant differences in circulating corticosterone between prior-
stressed and non-stressed animals. The conflicting accounts of
whether stress during adolescence causes long-term changes in
glucocorticoid production may  be due, in part, to differences in
methodology. Models of adolescent stress vary dramatically in both
the duration of stress exposure [8] and the type of stressful stimuli

presented (e.g. physical, social, or predation). Although predation
stimuli can elicit a physiological stress response, it is difficult to
determine whether these stimuli are interpreted as indicating the
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Fig. 3. Fecal corticoid metabolite levels in control and adolescent-stressed rats at
209  days after chronic unpredictable stress treatment; means ± SE.
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resence of a predator, differentiating them from other models of
hronic stress, or whether they are merely aversive [17].

Differences between the current results and those described
n Sterlemann et al. [13], where social stress exposure did not
ause changes in anxiety after 12 months, may  be caused by
ifferences in the types of stimuli used in the chronic stress
rocedure [13], as well as the longer delay to testing in Ster-

emann et al. [13]. A better understanding of what underpins
ong-term effects of stress during adolescence on adult behavior

ay  be gained by investigating factors related to the function-
ng of glucocorticoids, such as the proportion of free and bound
orticosterone and corticosteroid-binding globulin (CBG), as well
s downstream targets of corticosterone including glucocorticoid
nd mineralocorticoid receptors. Additionally, direct comparisons
f the effects of stress exposure during adolescence with stress
xposure during other life stages could help to determine whether
he numerous long-term effects of adolescent-stress exposure,
ocumented here and in previous studies [4,8,19], are due to vul-
erabilities unique to adolescence or whether similar long-term
ffects would also result from exposure to stress during other
ife stages. Such comparisons would help to resolve not only the
apacity for adolescents to be shaped by exposure to stress, but
lso would address how adolescents may  be uniquely affected by
dversity.

cknowledgements

We thank the Huck Institute of the Life Sciences and the Eberly
ollege of Science for support. This project was also funded, in
art, under a grant with the Pennsylvania Department of Health
sing Tobacco CURE Funds. The Department specifically disclaims
esponsibility for any analyses, interpretations or conclusions. We
ould also like to thank the members of the Braithwaite group,
ith a special thanks to Carl Hirrlinger for his patience and

ssistance.

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at http://dx.doi.org/10.1016/j.bbr.2014.09.003.

eferences
[1] Klein ZA, Romeo RD. Changes in hypothalamic-pituitary-adrenal stress respon-
siveness before and after puberty in rats. Horm Behav 2013;64:357–63.

[2] Roza SJ. Stable prediction of mood and anxiety disorders based on behavioral
and  emotional problems in childhood: a 14-year follow-up during childhood,
adolescence, and young adulthood. Am J Psychiatry 2003;160:2116–21.

[

[

esearch 278 (2015) 492–495 495

[3] Bolton D, O’Ryan D, Udwin O, Boyle S, Yule W.  The long-term psychological
effects of a disaster experienced in adolescence: II: general psychopathology. J
Child Psychol Psychiatry Allied Discipl 2000;41:513–23.

[4] Tsoory M,  Richter-Levin G. Learning under stress in the adult rat is differen-
tially affected by juvenile or adolescent stress. Int J Neuropsychopharmacol
2006;9:713–28.

[5] Romeo RD, Tang AC, Sullivan RM.  Early-life experiences: enduring behavioral
neurological, and endocrinological consequences. San Diego: Elsevier Aca-
demic Press Inc.; 2009.

[6] McCormick CM,  Smith C, Mathews IZ. Effects of chronic social stress in ado-
lescence on anxiety and neuroendocrine response to mild stress in male and
female rats. Behav Brain Res 2008;187:228–38.

[7] Bourke CH, Neigh GN. Behavioral effects of chronic adolescent stress are sus-
tained and sexually dimorphic. Horm Behav 2011;60:112–20.

[8] McCormick CM,  Green MR.  From the stressed adolescent to the anx-
ious and depressed adult: investigations in rodent models. Neuroscience
2013;249:242–57.

[9] Kalueff AV, Wheaton M, Murphy DL. What’s wrong with my mouse model?:
Advances and strategies in animal modeling of anxiety and depression. Behav
Brain Res 2007;179:1–18.

10] Samuels BA, Hen R. Novelty-suppressed feeding in the mouse. mood and anx-
iety related phenotypes in mice, vol. 63. Totowa, NJ: Humana Press; 2011. p.
107–21.

11] De Pablo JM,  Parra A, Segovia S, Guillamón A. Learned immobility explains the
behavior of rats in the forced swimming test. Physiol Behav 1989;46:229–37.

12] Merali Z, Levac C, Anisman H. Validation of a simple, ethologically relevant
paradigm for assessing anxiety in mice. Biol Psychiatry 2003;54:552–65.

13] Sterlemann V, Ganea K, Liebl C, Harbich D, Alam S, Holsboer F, et al. Long-term
behavioral and neuroendocrine alterations following chronic social stress in
mice: implications for stress-related disorders. Horm Behav 2008;53:386–94.

15] Harding EJ, Paul ES, Mendl M.  Cognitive bias and affective state. Nature
2004;427:312.

16] Blumstein DT, Daniel JC, Springett BP. A test of the multi-predator hypothe-
sis:  rapid loss of antipredator behavior after 130 years of isolation. Ethology
2004;110:919–34.

17] Fendt M,  Endres T. 2,3,5-Trimethyl-3-thiazoline (TMT), a component of
fox  odor – just repugnant or really fear-inducing? Neurosci Biobehav Rev
2008;32:1259–66.

18] Kendig MD,  Bowen MT,  Kemp AH, McGregor IS. Predatory threat induces hud-
dling in adolescent rats and residual changes in early adulthood suggestive of
increased resilience. Behav Brain Res 2011;225:405–14.

19] Chaby LE, Cavigelli SA, White A, Wang K, Braithwaite VA. Long-term cogni-
tive changes as a result of chronic mild stress during adolescence. Front Hum
Neurosci 2013, http://dx.doi.org/10.3389/fnhum.2013.00328.

20] Isgor C, Kabbaj M,  Akil H, Watson SJ. Delayed effects of chronic variable stress
during peripubertal-juvenile period on hippocampal morphology and on cog-
nitive and stress axis functions in rats. Hippocampus 2004;14:636–48.

21] Sheriff MJ,  Krebs CJ, Boonstra R. Assessing stress in animal populations: do
fecal and plasma glucocorticoids tell the same story. Gen Comp Endocrinol
2010;166:614–9.

22] Caruso MC,  McClintock MK,  Cavigelli SA. Temperament moderates the influ-
ence of periadolescent social experience on behavior and adrenocortical
activity in adult male rats. Horm Behav 2014;66:517–24.

23] Wasser SK, Hunt KE, Brown JL, Cooper K, Crockett CM,  Bechert U,  et al. A gen-
eralized fecal glucocorticoid assay for use in a diverse array of nondomestic
mammalian and avian species. Gen Comp Endocrinol 2000;20:260–75.
24] Cavigelli SA, Monfort SL, Whitney TK, Mechref YS, Novotny M, McClintock MK.
Frequent serial fecal corticoid measures from rats reflect circadian and ovarian
corticosterone rhythms. J Endocrinol 2005;184:153–63.

25] Wilson DS, Clark AB, Coleman K, Dearstyne T. Shyness and boldness in humans
and  other animals. Trends Ecol Evol 1994;9:442–6.

http://dx.doi.org/10.1016/j.bbr.2014.09.003
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0005
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0010
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0015
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0020
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0025
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0030
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0035
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0040
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0045
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0050
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0055
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0060
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0065
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0075
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0080
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0085
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0090
dx.doi.org/10.3389/fnhum.2013.00328
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0100
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0105
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0110
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0115
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0120
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125
http://refhub.elsevier.com/S0166-4328(14)00586-5/sbref0125

	Chronic unpredictable stress during adolescence causes long-term anxiety
	Acknowledgements
	Appendix A Supplementary data
	References


