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a  b  s  t  r  a  c  t

Combined  use  of  marijuana  (MJ)  and  tobacco  is  highly  prevalent  in  today’s  population.  Individual  use
of  either  substance  is  linked  to  structural  brain  changes  and  altered  cognitive  function,  especially  with
consistent  reports  of  hippocampal  volume  deficits  and  poorer  memory  performance.  However,  the  com-
bined effects  of  MJ and  tobacco  on  hippocampal  structure  and on  learning  and memory  processes  remain
unknown.  In  this  study,  we examined  both  the  individual  and  combined  effects  of  MJ  and  tobacco  on
hippocampal  volumes  and  memory  performance  in  four  groups  of adults  taken  from  two  larger  studies:
MJ-only  users  (n =  36),  nicotine-only  (Nic-only,  n =  19),  combined  marijuana  and  nicotine  users  (MJ  +  Nic,
n =  19)  and  non-using  healthy  controls  (n = 16).  Total  bilateral  hippocampal  volumes  and  memory  per-
formance  (WMS-III  logical  memory)  were  compared  across  groups  controlling  for  total  brain  size  and
recent  alcohol  use.  Results  found  MJ  and  MJ +  Nic  groups  had  smaller  total  hippocampal  volumes  com-
pared  to  Nic-only  and  controls.  No  significant  difference  between  groups  was  found  between  immediate

and  delayed  story  recall.  However,  the controls  showed  a trend  for larger  hippocampal  volumes  being
associated  with  better  memory  scores,  while  MJ +  Nic  users  showed  a unique  inversion,  whereby  smaller
hippocampal  volume  was  associated  with better  memory.  Overall,  results  suggest  abnormalities  in the
brain-behavior  relationships  underlying  memory  processes  with  combined  use of marijuana  and  nicotine
use. Further  research  will  need  to  address  these  complex  interactions  between  MJ  and  nicotine.

©  2015  The  Authors.  Published  by  Elsevier  B.V. This  is  an  open  access  article  under  the  CC  BY-NC-ND
. Introduction

Marijuana (MJ) and tobacco products remain two  of the most
idely used substances worldwide. In the U.S., combined use of

oth substances is upwards of 60–70% in MJ  users and more than

ve times as likely as measured by past month use in tobacco users
1,2]. Moreover, in some countries, smoked MJ  joints are almost
xclusively mixed with tobacco [3]. Despite the widespread preva-
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lence of MJ  and tobacco co-use, interactive effects of marijuana
and nicotine are scantly characterized in the existing literature and
lacking direct comparisons of separate (MJ-only, Nicotine-only)
and combined uses (MJ  + Nicotine) is a limitation in most studies
of marijuana use.

Individually, MJ  and tobacco are associated with changes to
brain structure and function. Structural neuroimaging studies in
MJ users have indicated that volumes of several brain areas are
smaller in heavy MJ  users [4–8], especially in areas enriched
with cannabinoid type I (CB1) receptors such as medial tem-

poral lobe structures [9]. Of these structures, the hippocampus
appears to be particularly sensitive to heavy marijuana use. Delta9-
tetrahydrocannabinol (THC), the primary psychoactive component
in marijuana, which binds to CB1 receptors, is associated with
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ell shrinkage and damage to DNA strands in THC-treated hip-
ocampal neuron cultures [10]. The association of these alterations,
uch as smaller hippocampal volume with greater lifetime dura-
ion of use and cumulative amount [4,8] as well as with recent use
11], suggest that these changes are consequences of exposure to

J.  A recent study by Smith et al. [12] examined the interaction
etween cannabis use and schizophrenia on hippocampal mor-
hology and found a main effect of cannabis use such that altered
ippocampal shape was found in both cannabis users with and
ithout schizophrenia. Moreover, these hippocampal differences
ere related to poorer episodic memory performance emphasizing

he relationship between hippocampal morphology and memory.
aken together, smaller brain volumes in MJ  users may reflect
otential neurotoxic influence of exogenous cannabinoid expo-
ure.

Relative to MJ,  less is known about structural brain changes spe-
ific to chronic nicotine use. However, existing studies report lower
ray matter densities across widespread areas (e.g., prefrontal cor-
ex, cingulate gyrus, parietal lobe, cerebellum, thalamus, striatum
nd medial temporal lobe) in tobacco smokers [13–15]. Animal
odels of rats exposed to nicotine show reduced cell numbers,

ncreased markers of apoptosis and alterations in synaptic activ-
ty in these regions [16,17]. These regions express dense levels of
cetylcholine receptors that are primary binding targets for nico-
ine, which further supports the potential for nicotine-related brain
hanges. Thus, it is likely that similar to MJ’s effects, reported mor-
hometric changes result from nicotine-related neurotoxicity.

In addition to structural changes, MJ  and tobacco have also been
ndividually associated with declines in cognitive function. Exist-
ng studies suggest that tobacco use is associated with impaired

orking memory, attention, and verbal abilities [18,19] that map
n to brain structures that undergo changes due to tobacco use (e.g.,
rontal and parietal cortices, striatum and hippocampus). In terms
f MJ’s effects on cognition, studies have reported widespread
eficits across various domains such as memory [20], attention
21], and learning [22] that are dependent on CB1 receptor acti-
ation [23]; however, deficits in working memory appear to be
he most consistent [24–27]. While individual studies provide evi-
ence for neurocognitive consequences of MJ  and nicotine, the

ndependent drug effects may  not generalize to the context of com-
ined use. Interactions between the two substances have been
escribed at the cellular level wherein CB1 and nicotinic acetyl-
holine (nACH) receptors are densely co-localized in hippocampal
egions and both are involved in a diverse set of modulatory pro-
esses (for review see Viveros et al., 2006 [28]). For example, chronic
icotine treatment in rats results in altered endocannabinoid lev-
ls in the brain [29]. There is also pharmacological evidence that
annabinoids alter nicotinic-acetylecholinergic receptor response
30]. Moreover, Valjent, et al. [31] noted altered fear, with-
rawal, and tolerance behaviors in rats co-treated with THC and
icotine, suggesting functional-biochemical interactions. Taken
ogether, there is convergent evidence from human, animal and
harmacological studies supporting the potential for additional
onsequences on the integrity of the hippocampal structure and
unction with combined MJ  and nicotine use. However, to date,
his has not yet been directly examined. In this study, we aimed
o characterize the differential and combined impact of mar-
juana (MJ) and nicotine (Nic) on hippocampal morphometry
nd memory function among marijuana-only users, nicotine-only
sers, and comorbid marijuana and nicotine users (MJ  + Nic) with

 non-using comparison control group. As a primary aim, we
ompared groups on hippocampal volume. To then further char-

cterize any difference found in hippocampal volumes, we also
ompared groups on memory performance and examined rela-
ionships between morphometry, memory and substance use
atterns. Given findings from existing literature, we  anticipated
 Research 293 (2015) 46–53 47

that MJ  and nicotine individually and in combination would be
associated with smaller hippocampal volumes and poorer mem-
ory scores that are inversely related to substance use patterns
[4,8,24–27].

2. Materials and methods

2.1. Participants

Participants were recruited through flyers and advertisements
in the Albuquerque, New Mexico metro area. The community
subsample used for this study originated from two  larger stud-
ies conducted at the University of New Mexico (UNM; see [32]).
Informed consent was provided by all of the participants in
accordance with the Institutional Review Board (IRB) at UNM. Par-
ticipants were compensated for their time. To be eligible for the
study, all individuals had to meet the following criteria: (a) be
between the ages of 18 and 50 years; (b) be right-handed; (c) have
no magnetic resonance imaging (MRI) contraindications (e.g., no
metallic implants, pregnancy, claustrophobia, etc.); (d) have no
symptoms of psychosis (via SCID psychosis screen) and (e) be flu-
ent in both oral and written English. Furthermore, individuals with
fewer than 10 years of education, IQs less than 75, or illicit drug use
(other than marijuana) were excluded from our sample. We  were
interested in differences resulting from regular, heavy marijuana
and nicotine use rather than from recreational marijuana and nico-
tine use. To that end, the marijuana users were also required to
report using marijuana (verified by urinalysis) at least 4 times per
week over the past six months. Nicotine users were included if they
reported nicotine use (verified by carbon monoxide breath moni-
tor) of 10 or more times daily and had less than three months of
abstinence in the past year. Controls were included if they reported
no marijuana use occasions and no tobacco use occasions in the
preceding three months, and did not meet criteria for any drug or
alcohol abuse or dependence according to the Structured Clinical
Interview for DSM-IV disorders.

For our study, participants were categorized into four groups
based on substance use: MJ  (marijuana users), NIC (nicotine users),
MJ  + NIC (marijuana and nicotine users), and non-using controls
(Table 1). The combined chronic marijuana and nicotine smoking
group (MJ  + NIC) was  derived from the two  studies, with partic-
ipants having to meet criteria for both chronic marijuana and
frequent nicotine use to be part of this group.

2.2. Study procedures

The study took place over two separate visits. The first visit
included assessments of substance use history and neuropsycho-
logical tests. The second visit was  scheduled three days after the
first visit and consisted of an MRI  scan. Participants were required
to abstain from MJ  and illicit drugs between the two visits so that
MRI  and cognitive measures did not reflect effects of acute intoxi-
cation. This resulted in a ∼72-hour abstinence period confirmed by
self-report. To promote compliance with the 72-hour abstinence
from marijuana, we followed a bogus pipeline by collecting a urine
cannabis toxicity screen before and after abstinence (visit 1, visit
2). While the urinalysis is insensitive to 72-hour abstinence, this
method has been shown to increase accuracy of self-report (17).
Only those who  reported 72-hour abstinence were included in the
study.
Participants were also asked not to use caffeine or tobacco for
two to four hours prior to their brain scan and neither were per-
mitted during their MRI  appointment. During session two, each
participant had a head MRI  scan and each was  administered a brief
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Table 1
Demographic and substance use characteristics of the sample. Nic = nicotine; MJ  = marijuana; MJ  + Nic = marijuana plus nicotine; BAI = Beck Anxiety Invetory; BDI = Beck
Depression Invetory; ADHD CSS = Attention Deficit Hyperactivity Disorder Current Symptoms Scale; WASI = Wechsler Adult Scale of Intelligence; Pack years = cigarettes per
day/number of years.

Controls Nic MJ  MJ  + Nic

(n = 16) (n = 19) (n = 36) (n = 19)

Variable % or M SD % or M SD % or M SD % or M SD
Age  26.88 6.89 29.63 11.31 24.92 8.78 23.26 7.32
Years  of education 14.38 1.20 14.18 2.31 13.79 2.18 13.34 2.09
BAI  3.75 4.583 7.16 7.381 6.42 7.688 6.63 7.335
BDI  4.72 5.013 8.76 9.329 6.69 6.583 5.71 6.174
CSS  ADHD t score 42.17 5.759 48.96 8.625 44.74 6.846 47.46 9.610
WASI  IQ 113.50 5.87 112.84 12.19 108.43 10.26 107.68 10.52
Gender (% male) 31% 53% 58% 74%
Drinks  per drinking day (past 90d)* 2.11 2.01 3.31 2.20 3.57 2.76 4.61 2.63
Smoking days (past 90d) N/A 89.79 0.92 0.97 0.92 86.58 8.93
Cigarettes/day (past 90d) N/A 12.59 3.88 0.14 0.43 10.25 5.39
Pack-years N/A 8.03 10.06 N/A 4.84 7.61
MJ  smoking Days (past 90d) N/A N/A 80.58 14.18 82.16 11.49
Lifetime MJ  dependence Sx N/A N/A 2.37 2.00 2.68 2.87
Lifetime MJ  use (episodes) N/A N/A 5.565 8.566 6.704 9.450

Post-hoc t-tests compared to Control group:
Age – – t(30.3) = −0.85 p = 0.40 t(50) = 0.79 p = 0.43 t(33) = 1.49 p = 0.15
Years  of education – – t(28.03) = 0.31 p = 0.76 t(47.436) = 1.24 p = 0.22 t(33) = 1.75 p = 0.09
BAI  – – t(33) = −1.6 p = 0.118 t(45.49) = −1.551 p = 0.128 t(33) = −1.362 p = 0.18
BDI  – – t(28.45) = −1.63 p = 0.11 t(50) = −1.07 p = 0.290 t(33) = −0.52 p = 0.61
CSS  ADHD t score – – t(32) = −2.66 p = 0.01 t(49) = −1.30 p = 0.12 t(32) = −1.914 p = 0.07
WASI  IQ – – t(33) = 0.2 p = 0.85 t(46.32) = 2.23 p = 0.03 t(33) = 1.81 p = 0.08
Gender  (% male) – – t(33) = 1.27 p = 0.2 t(50) = 1.83 p = 0.07 t(33) = 2.69 p = 0.01
Drinks  per drinking day (past 90d)* – – t(33) = −1.67 p = 0.1 t(50) = −1.90 p = 0.06 t(33) = −3.12 p = 0.004
Smoking days (past 90d) – – t(33) = −390.45 p < 0.001 t(35) = −1.97 p = 0.06 t(18) = −42.27 p < 0.001
Cigarettes/day (past 90d) – – t(18) = −14.15 p < 0.001 t(35) = −2.236 p = 0.03 t(18) = −8.28 p < 0.001
Pack-years – – t(18) = −3.48 p = 0.003 t(35) = −1.86 p = 0.07 t(18) = −2.77 p = 0.01
MJ  smoking Days (past 90d) – – t(33) = 0.18 p = 0.86 t(42.716) = −23.67 p < 0.001 t(32.950) = −22.78 p < 0.001
Lifetime  MJ  dependence Sx – – t(33) = −1.71 p = 0.1 t(48.49) = −5.04 p < 0.001 t(25.53) = −4.19 p < 0.001
Lifetime  MJ  use (episodes) – – N/A N/A N/A

Post-hoc t-tests compared to Nicotine group:
Age – – – – t(29.74) = 1.58 p = 0.12 t(30.822) = 2.06 p = 0.05
Years  of education – – – – t(53) = 0.62 p = 0.54 t(36) = 1.18 p = 0.25
BAI  – – – – t(53) = 0.345 p = 0.73 t(36) = −0.220 p = 0.827
BDI  – – – – t(53) = 0.96 p = 0.34 t(36) = 1.189 p = 0.242
CSS  ADHD t score – – – – t(51) = 1.94 p = 0.06 t(34) = 0.49 p = 0.63
WASI  IQ – – – – t(52) = 1.41 p = 0.16 t(36) = 1.34 p = 0.19
Gender  (% male) – – – – t(53) = 0.4 p = 0.62 t(35.45) = 1.34 p = 0.19
Drinks  per drinking day (past 90d)* – – – – t(53) = −0.36 p = 0.72 t(53) = −1.36 p = 0.18
Smoking days (past 90d) – – – – t(53) = 74.71 p < 0.001 t(18.38) = 1.56 p = 0.14
Cigarettes/day (past 90d) – – – – t(53) = 19.14 p < 0.001 t(36) = 1.54 p = 0.13
Pack-years – – – – t(53) = 4.79 p < 0.001 t(36) = 1.10 p = 0.28
MJ  smoking Days (past 90d) – – – – t(53) = −22.94 p < 0.001 t(28.14) = −26.65 p < 0.001
Lifetime  MJ  dependence Sx – – – – t(52) = −1.88 p = 0.06 t(36) = −1.96 p = 0.06
Lifetime  MJ  use (episodes) – – – – N/A N/A

Post-hoc t-tests between marijuana and combined marijuana + nicotine groups
Age – – – – – – t(53) = 0.7 p = 0.49
Years  of education – – – – – – t(53) = 0.74 p = 0.46
BAI  – – – – – – t(53) = −0.100 p = 0.921
BDI  – – – – – – t(53) = 0.538 p = 0.593
CSS  ADHD t score – – – – – – t(51) = −1.190 p = 0.239
WASI  IQ – – – – – – t(52) = 0.24 p = 0.81
Gender  (% male) – – – – – – t(53) = 1.12 p = 0.27
Drinks  per drinking day (past 90d)* – – – – – – t(53) = −1.36 p = 0.18
Smoking days (past 90d) – – – – – – t(24.30) = −38.32 p < 0.001
Cigarettes/day (past 90d) – – – – – – t(18.13) = −8.14 p < 0.001
Pack-years – – – – – – t(18.02) = −2.74 p = 0.01
MJ  smoking Days (past 90d) – – – – – – t(53) = −0.41 p = 0.68

– 

– 
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Lifetime  MJ  dependence Sx – – – 

Lifetime  MJ  use (episodes) – – – 

ognitive battery including standardized tests of new learning and
emory (detailed below).
.2.1. Brain imaging
Imaging was conducted at the UNM Mind Research Network

ith a 3T TIM TRIO scanner (Siemens, Erlangen, Germany)
nd a multi-echo magnetization prepared rapid gradient
– – t(52) = −0.52 p = 0.6
– – t(44) = −0.41 p = 0.69

echo (MPRAGE) sequence with the following parameters:
TR/TE/TI = 2300/2.74/900 ms,  flip angle = 8◦, FOV = 256 × 256 mm,
slab thickness = 176 mm,  voxel size = 1 × 1 × 1mm3, number of

echoes = 4, pixel bandwidth = 650 Hz, total scan time = 6 min.
Before volumetric analysis, images were inspected for motion
quality control and obvious pathology.
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Table  2
Brain and behavior measures. The WMS-III Logical Memory subtests assessed learning and memory of narrative material. ss = raw scores from immediate recall trials and
recall  converted to scaled scores normalized to age. Group comparisons controlled for IQ, gender, number of drinks per occasion, ADHD symptoms and age.

Controls Nic MJ  MJ  + Nic F

Measure (n = 16) (n = 19) (n = 36) (n = 19)

Story memory-Immediate (ss) 10.63 2.06 11.00 2.83 9.59 2.55 8.61 3.07 F(3,74) = 0.542, p = 0.655
Story  memory-Delayed (ss) 11.06 2.57 11.78 3.02 10.36 2.63 9.11 3.05 F(3,73) = 0.737, p = 0.533
Total  brain volume (cm3) 1,206 106 1,259 109 1,254 148 1,318 145 F(3,77) = 0.420, p = 0.739
Left  hippocampus (cm3) 4.32 0.44 4.37 0.42 4.18 0.49 4.3 0.46 F(3,77) = 1.576, p = 0.202
Right  hippocampus (cm3) 4.4 0.42 4.44 0.4 4.15 0.49 4.29 0.43 F(3,77) = 4.362, p = 0.007

Posthoc pairwise comparisons against the Control group

Controls Nic MJ MJ  + Nic

Measure (n = 16) (n = 19) (n = 36) (n = 19)

Story memory-Immediate (ss) – – F(1,26) = 0.06 p = 0.81 F(1,42) = 0.001 p = 0.98 F(1,26) = 0.01 p = 0.91
Story  memory-Delayed (ss) – – F(1,26) = 0.66 p = 0.43 F(1,41) = 0.26 p = 0.61 F(1,26) = 0.07 p = 0.79
Total  brain volume (cm3) – – F(1,27) = 1.51 p = 0.23 F(1,43) = 1.01 p = 0.32 F(1,27) = 1.02 p = 0.32
Left  hippocampus (cm3) – – F(1,27) = 0.39 p = 0.54 F(1,43) = 2.39 p = 0.13 F(1,27) = 0.55 p = 0.47
Right  hippocampus (cm3) – – F(1,27) = 0.25 p = 0.62 F(1,43) = 9.23 p = 0.004 F(1,27) = 2.96 p = 0.09

Posthoc  pairwise comparisons against the Nicotine group

Controls Nic MJ  MJ  + Nic

Measure (n = 16) (n = 19) (n = 36) (n = 19)

Story memory-Immediate (ss) – – – – F(1,43) = 0.54 p = 0.47 F(1,27) = 1.32 p = 0.26
Story  memory-Delayed (ss) – – – – F(1,42) = 0.43 p = 0.51 F(1,27) = 2.36 p = 0.14
Total  brain volume (cm3) – – – – F(1,45) = 1.3 p = 0.26 F(1,29) = 0.16 p = 0.7
Left  hippocampus (cm3) – – – – F(1,45) = 3.7 p = 0.06 F(1,29) = 1.323 p = 0.26
Right  hippocampus (cm3) – – – – F(1,45) = 5.79 p = 0.02 F(1,29) = 2.75 p = 0.11

Posthoc  pairwise comparisons between MJ  users and MJ+Nic

Controls Nic MJ  MJ  + Nic

Measure (n = 16) (n = 19) (n = 36) (n = 19)

Story memory-Immediate (ss) – – – – – – F(1,43) = 0.62 p = 0.44
Story  memory-Delayed (ss) – – – – – – F(1,42) = 0.81 p = 0.37
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Total  brain volume (cm ) – – – 

Left  hippocampus (cm3) – – – 

Right  hippocampus (cm3) – – – 

.3. Measures

.3.1. Sample characteristics
Age, gender, education level and other background informa-

ion were obtained using a standard demographics questionnaire.
linical symptom inventories assessed potential psychological con-

ounds associated with both marijuana and nicotine use (Breslaw,
ilbey, & Andreski, 1991) such as the Beck Depression Inventory

37] and the Beck Anxiety Inventory [38]. Barkley’s Current Symp-
oms Scale [40] provided age-normed scores of self-report current
DHD symptoms.

.3.2. Substance use
The Substance Use Disorder modules of the Structured Clini-

al Interview for DSM-IV (SCID) were administered by a trained
esearch assistant to assess for lifetime and current symptoms of
buse and dependence for alcohol, nicotine, marijuana and other
ubstances [41]. A Time Line Follow-Back (TLFB) approach was used
o quantify alcohol, nicotine, and marijuana use patterns for 90 days
rior to study participation [42].

.3.3. Neurocognitive assessments

The two-subtest administration of the Wechsler Abbreviated

cale of Intelligence provided estimates of intellect [33]. The WMS-
II Logical Memory subtests [43] assessed learning and memory
f narrative material. Raw scores from immediate recall trials and
– – – F(1,45) = 0.34 p = 0.57
– – – F(1,45) = 0.03 p = 0.87
– – – F(1,45) = 0.01 p = 0.93

recall following a 30-minute delay were converted to scaled scores
normalized to age.

2.4. Data Processing and Analysis

2.4.1. Brain volumes
High resolution MPRAGE anatomical scans from each partici-

pant were spatially normalized, field-bias corrected and parcellated
using FreeSurfer v4.5 (http://surfer.nmr.mgh.harvard.edu; [44]).
Total brain volumes (TBV) and hippocampal volumes were
extracted for analysis in SPSS. Volumes were visually inspected for
accuracy and manually edited as necessary by TM. Hippocampal
volume was  expressed as a TBV ratio (hippocampus/TBV) to control
for individual differences in head size.

2.4.2. Statistical analyses
Statistical analyses were conducted in SPSS 18.0. ANOVAs and

chi-square tests compared groups on background and demographic
variables that may  also relate to brain structure (See Table 1). Simi-
lar group comparisons were performed on substance use variables
and intracranial volumes for descriptive purposes. Because demo-
graphics, background variables, and alcohol use are related to brain
structure, those factors that differed by group were included as

nuisance covariates in subsequent analyses. Other variables with
known links to brain structure were explored in follow-up analyses
regardless of whether groups were different (e.g., gender) to assess
for potential brain-behavior relationship moderators. Interpreta-
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ions of statistical significance were made at p < 0.05. ANCOVA was
sed to determine whether TBV-adjusted hippocampal volumes
nd memory performance differed by group after controlling for
otential confounds. We  conducted Pearson correlations to eval-
ate the relationships between neural and cognitive measures.
isher’s Z tests compared correlations for significant group differ-
nces. We  conducted a multiple regression to evaluate whether
ippocampal volume and nicotine use severity predicted memory
erformance.

. Results

.1. Sample characteristics

One-way ANOVA and post hoc paired comparisons examined
hether participant characteristics differed across the groups (see

able 1). The groups differed in age, IQ, gender, frequency of heavy
rinking, and number of ADHD symptoms, therefore, subsequent
nalyses co-varied for these variables. Symptom ratings on mood
nd anxiety did not differ by group.

.2. Substance use

As expected, tobacco smokers and marijuana users reported
ore nicotine and cannabis use as well as heavier recent alco-

ol involvement than controls (drinks per occasion, p = 0.02). In
ight of group differences in recent alcohol use, we covaried for
umber of drinks per drinking day from the 90-day timeline fol-

owback in subsequent statistical tests. Tobacco smokers (Nic-only
s. MJ  + Nic) did not differ on average smoking days or cigarettes per
ay (p’s > 0.05). Marijuana users (MJ-only vs. MJ  + Nic) also did not
iffer on total marijuana use episodes (number of days used from
he 90-day timeline followback) or lifetime dependence symptoms.

.3. Hippocampal volumes

After controlling for recent number of drinks per occasion (past
0 days), IQ, gender and age, the groups differed in right hippocam-

al volume [F(3,77) = 4.36, p = 0.007] (Table 2). Post-hoc pairwise
omparisons revealed that all marijuana users (MJ and MJ + Nic) had
maller hippocampal volumes compared to controls and Nic-only
roups (Control, Nic > MJ-only, MJ  + Nic; See Fig. 1).
 Research 293 (2015) 46–53

Overall TBVs were not significantly different across controls,
nicotine users and marijuana users.

3.4. Memory performance

Although MJ  users’ memory scores were intermediate to the
Nic and MJ  ± Nic groups, group differences in the WMS-III Logical
Memory subtests did not reach significant thresholds (Table 2).

3.5. Memory and hippocampal volumes

Partial correlations controlling for recent alcohol use examined
relationships between memory scores and hippocampal volumes
separately for each group. Controls (rp = 0.20; rp = 0.37), nicotine-
only (rp = 0.02; rp = −0.23), and marijuana-only (rp = −0.05;
rp = −0.08) groups did not exhibit significant correlations between
brain volume and immediate or delayed recall scores, respectively
(p’s ≥ 0.05). The MJ  + Nic users showed consistent inverse rela-
tionships, whereby worse memory scores were associated with
larger hippocampal volumes (immediate recall: rp = −0.49, p = 0.05;
delayed recall: rp = −0.52, p = 0.04; see Fig. 2 for scatterplots by
group). Further, Fisher’s z-tests determined that the brain-behavior
links among the MJ–Nic users significantly differed from con-
trols (immediate recall: z = 1.95, p = 0.05; delayed recall: z = 2.04,
p = 0.04). Whereas controls showed a positive relationship between
hippocampus and memory scores (larger volume linked to better
scores), larger hippocampi were associated with poorer memory in
MJ + Nic users. Taken together, the MJ  + Nic users exhibited abnor-
mal  links between hippocampal volume and memory scores, and
these relationships significantly deviated from the same patterns
among control subjects.

3.6. Memory, hippocampal volumes and substance use

The multiple regression analyses showed a significant interac-
tion between brain volume and nicotine use intensity predicting
immediate memory [F(1,47) = 5.61, R2

� = .11, B = −0.26, t = −2.37,
p = 0.02] as well as a main effect of cigarettes/day [F(1,47) = 4.81,
R2

� = 0.09, B = −.17, t = −2.19, p = 0.03] depicting an inverse link
between nicotine use and memory scores. Fig. 3 displays the
decomposed interaction and highlights negligible links between
immediate memory scores and hippocampal volume among non-
smokers and light smokers (1–2 cigarettes/day), suggesting that
the altered relationship between memory and hippocampal vol-
ume  was  driven by heavy smokers who used 3+ cigarettes/day.
This interaction was  not detected when modeling delayed mem-
ory scores (n = 51, p > 0.05), though nicotine use intensity remained
a significant predictor of worse delayed recall [F(1,46) = 6.62,
R2

� = 0.13, B = −0.20, t = −2.57, p = 0.01]. To determine whether MJ
use characteristics mediated this relationship, we re-ran the regres-
sion three times, adding estimated lifetime MJ  use occasions as:
(1) covariate (2) hippocampal volume*MJ use interaction and (3)
hippocampus*MJ interaction with cigarettes/day removed from
the model. Including lifetime MJ  use did not alter the significant
interactions between tobacco smoking intensity and hippocampal
volume in predicting memory scores and lifetime MJ use (alone
or in interaction with hippocampal volume) did not significantly
account for memory scores. Taken together, among the MJ  users,
lifetime MJ  use did not mediate the unique relationships between
intensity of nicotine exposure, hippocampal volume and memory.

4. Discussion
No known studies have characterized the differential impact of
independent versus combined marijuana and nicotine use on brain
structure and related function. Here, we found that marijuana use
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ndividually and combined with tobacco had smaller hippocam-
al volumes compared to tobacco users and non-using controls.
e also found differential associations between brain and behav-

or such that smaller hippocampal volumes were associated with
oorer memory performance for controls, while in MJ  + Nic users,
maller hippocampal volumes were linked to relatively higher
emory scores. Our findings of marijuana-related abnormalities

n hippocampal morphology and relationship to impaired memory
unction is concordant with recent findings by Smith et al. [12].

Several studies have previously reported reduced hippocampal
olumes in chronic marijuana users (see reviews by [45,46]), which
ay  reflect a potential neurotoxic effect (e.g., cell loss/breakdown).

owever, the best evidence for direct neurotoxic influence of
HC has been primarily limited to well-controlled pharmacological
anipulations of hippocampal neuron cultures [10]. Alternatively,

tudies of in vivo THC treatment in rodent models find reduced
Fig. 3. Decomposing the interaction between hippocampal volumes (as TBV ratio
z-score) and nicotine use intensity (cigarettes/day) predicting logical memory
immediate recall scaled scores.

dendritic length and spine density [47,48], suggesting that gross
volumetric deficits may  reflect morphological changes to hip-
pocampal neurons. Structural and functional abnormalities may
also be obscured by THC-activation of glial cells [49], thereby
yielding decreased neuronal densities by virtue of the presence
of increased glial cells. It is of interest that the combined MJ + Nic
users had the smallest hippocampal volumes. Given that MJ  + Nic
user hippocampal volumes were not statistically different from the
MJ-only group, this finding does not support an additive detri-
mental effect of combined THC and nicotine exposure. However,
MJ  + Nic had the lowest memory performance out of all groups,
thus functional interactions cannot be ruled out. Instead of a dual-
toxic mechanism, it is possible that poorer memory performance
in MJ  + Nic users stems from a dual-withdrawal process, whereby
combined withdrawal from MJ  and nicotine may further weaken
memory processes. There is some evidence that nicotine interferes
with memory function in MJ  users. For example, Jacobsen et al.
[18] found abnormal fronto-parietal brain response during a ver-
bal working memory task in conjunction with poorer word recall
in MJ  + Nic users following short periods of nicotine withdrawal
(24 h). Interestingly, these effects normalized without abstaining
from tobacco. In our study, however, the combined MJ  + Nic using
subjects were not required to abstain from tobacco for an extended
period (>3 h); thus, nicotine withdrawal effects on short-term
memory function would be minimal. It is possible that the func-
tional relationship between hippocampal volume and memory in
MJ  + Nic users (better memory with smaller volumes) might invert
during acute nicotine deprivation. Although nicotine selectively
enhances memory function [54–57], we did not observe recov-
ery of any memory function from smoking nicotine in the chronic
MJ + Nic subjects. The lack of significant difference may  result from
heavier MJ  use relative to tobacco use. Most of the MJ  users in this
study were heavy MJ  users (average of 6.76 days per week). THC
and other cannabinoids build up and are metabolized and excreted
relatively slowly (∼12 h for THC and up to 72 h for some psychoac-
tive metabolites) [58], while the nicotine of a cigarette [59] can

be metabolized in ∼2–8 h. In the current study, participants were
required to abstain from MJ  for three days, but tobacco smokers
were only abstinent for ∼3 h. As such, poorer memory performance
in MJ  + Nic users is not likely driven by acute nicotine withdrawal.
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ather, memory functioning is more likely disrupted by chronic MJ
nd tobacco co-use, combined with MJ  withdrawal. One of the pos-
tive acute effects of nicotine is normalization of withdrawal effects
60,61]. For example, File and colleagues (2001) observed no cog-
itive enhancing effects of nicotine in a sample of non-smoking
tudents. Thus, the positive effects on short-term memory after
icotine administration appear to reflect the reversal of an acute
eprivation state. Nevertheless, the nicotine users had the greatest
MS  scores relative to the other groups including the non-using

ontrols suggesting underlying sub-threshold effects that parallel
he existing literature.

The results and conclusions from this study should be examined
ithin the context of its limitations. First, the dataset examined in

his analysis was derived from two larger parent projects, thus, cer-
ain variables of interest could not be manipulated or controlled to
tudy more detailed MJ-related effects (e.g., episodic use, lifetime
se fluctuations, intensity of use in MJ  gram weight, etc.). In spite
f these limitations, MJ  users (MJ-only and MJ  + Nic) were homoge-
ous in their MJ  use due to study inclusion criteria (near-daily
ithout two or more consecutive days of MJ  abstinence in the 90
ays prior). In addition, we only had one memory measure common
o examine across our combined sample. While the WMS-III story

emory paradigm is a well-validated and researched instrument,
t may  not generalize to learning and memory processes in alterna-
ive nonverbal modalities. Further, using a memory measure with a
omewhat higher executive loading such as an unstructured word
ist learning task may  elucidate some of the differential effects of MJ
ersus nicotine on memory functioning. Lastly, the between-group
ifferences observed in this study were characterized by small-
o-medium effect sizes and future research would be needed to
eplicate these findings in larger samples.

. Conclusions

This study offers an important example for the treatment of
omorbid substance use in addictions research. Current heights and
otential rising rates of marijuana and nicotine necessitates better
nderstanding of their specific and interactive effects (“World Drug
eport”, 2013), especially given the probability that marijuana use
endencies may  change with changing policies. In the present study,
e observed hippocampal volume deficits in MJ  users with fur-

her abnormal brain-behavior relationships specific to combined
J + Nic users. As such, unique neurobehavioral consequences of

o-morbid tobacco and MJ  use convey significant social and clinical
mplications.

onflicts of interest

The authors report no conflicts of interest.

cknowledgements

This research was funded by the National Institute on Drug
buse/National Institutes of Health grants (K01 DA021632, FMF).
ll authors contributed conceptually to the creation, analysis, and
riting of this manuscript, and provided final approval for its sub-
ission. No author has a conflict of interest.

eferences

[1] Substance Abuse and Mental Health Services Administration, Results from the
2012 National Survey on Drug Use and Health: Summary of National Findings,

in  NSDUH Series H-46, HHS Publication No. (SMA) 13-4795. 2013, Substance
Abuse and Mental Health Services Administration: Rockville, MD.

[2]  M.  Atha, S. Blanchard, Regular Users: Self-reported Drug Consumption
Patterns and Attitudes to Drugs Among 1333 Regular Cannabis Users, IDMU
Publications, Independent Drug Monitoring Unit, Wigan, England, 1997.

[

[

 Research 293 (2015) 46–53

[3] A. Bennett, Cannabis: a harm reduction perspective, in: S.R. Sznitman, B.
Olsson, R. Room (Eds.), A Cannabis Reader: Global Issues and Local
Experiences, Monograph Series 8, European Monitoring Centre for Drugs and
Drug Addiction, Lisbon, 2008, pp. 171–183.

[4] M.  Ashtari, et al., Medial temporal structures and memory functions in
adolescents with heavy cannabis use, J. Psychiatr. Res. 45 (8) (2011)
1055–1066.

[5] T. Demirakca, et al., Diminished gray matter in the hippocampus of cannabis
users: possible protective effects of cannabidiol, Drug Alcohol Depend 2–3
(2011) 242–245.

[6] J.A. Matochik, et al., Altered brain tissue composition in heavy marijuana
users, Drug Alcohol Depend 77 (1) (2005) 23–30.

[7] W.  Wilson, et al., Brain morphological changes and early marijuana use: a
magnetic resonance and positron emission tomography study, J. Addict. Dis.
19  (1) (2000) 1–22.

[8] M.  Yucel, et al., Regional brain abnormalities associated with long-term heavy
cannabis use, Arch. Gen. Psychiatry 65 (6) (2008) 694–701.

[9] V. Lorenzetti, et al., Structural MRI. findings in long-term cannabis users:
what do we know? Subst. Use Misuse 45 (11) (2010) 1787–1808.

10] G.C. Chan, et al., Hippocampal neurotoxicity of Delta9-tetrahydrocannabinol,
J.  Neurosci. 18 (14) (1998) 5322–5332.

11] J. Cousijn, et al., Grey matter alterations associated with cannabis use: results
of  a VBM study in heavy cannabis users and healthy controls, Neuroimage 59
(4)  (2012) 3845–3851.

12] M.J. Smith, D.J. Cobia, J.L. Reilly, J.M. Gilman, A.G. Roberts, et al.,
Cannabis-related episodic memory deficits and hippocampal morphological
differences in healthy individuals and schizophrenia subjects, Hippocampus
(March 11) (2015).

13] R. Yu, L.L. Zhao Lu, Regional grey and white matter changes in heavy male
smokers, PLoS One 6 (11) (2011) e27440.

14] A.L. Brody, et al., Differences between smokers and nonsmokers in regional
gray matter volumes and densities, Biol. Psychiatry 55 (1) (2004) 77–84.

15] Y. Liao, et al., Differences between smokers and non-smokers in regional gray
matter volumes: a voxel-based morphometry study, Addict. Biol. 17 (6)
(2012) 977–980.

16] J.A. Trauth, F.J. Seidler, T.A. Slotkin, An animal model of adolescent nicotine
exposure: effects on gene expression and macromolecular constituents in rat
brain regions, Brain Res. 867 (1–2) (2000) 29–39.

17] W.J. Chen, et al., Long-term nicotine exposure reduces Purkinje cell number in
the adult rat cerebellar vermis, Neurotoxicol. Teratol. 25 (3) (2003) 329–334.

18] L.K. Jacobsen, et al., Functional correlates of verbal memory deficits emerging
during nicotine withdrawal in abstinent adolescent cannabis users, Biol.
Psychiatry 61 (1) (2007) 31–40.

19] F. Musso, et al., Smoking impacts on prefrontal attentional network function
in young adult brains, Psychopharmacology (Berl.) 191 (1) (2007) 159–169.

20] R.J. Tait, A. Mackinnon, H. Christensen, Cannabis use and cognitive function:
8-year trajectory in a young adult cohort, Addiction 106 (12) (2011)
2195–2203.

21] H. Ehrenreich, et al., Specific attentional dysfunction in adults following early
start of cannabis use, Psychopharmacology (Berl.) 142 (3) (1999) 295–301.

22] K.L. Hanson, et al., Longitudinal study of cognition among adolescent
marijuana users over three weeks of abstinence, Addict. Behav. 35 (11) (2010)
970–976.

23] A. Egerton, et al., Cannabinoids and prefrontal cortical function: insights from
preclinical studies, Neurosci. Biobehav. Rev. 30 (5) (2006) 680–695.

24] C.J. Morgan, et al., Sub-chronic impact of cannabinoids in street cannabis on
cognition, psychotic-like symptoms and psychological well-being, Psychol.
Med. 42 (2) (2012) 391–400.

25] R. Gonzalez, et al., Performance of young adult cannabis users on
neurocognitive measures of impulsive behavior and their relationship to
symptoms of cannabis use disorders, J. Clin. Exp. Neuropsychol. 34 (9) (2012)
962–976.

26] M.A. Harvey, et al., The relationship between non-acute adolescent cannabis
use and cognition, Drug Alcohol Rev. 26 (3) (2007) 309–319.

27] P.A. Fried, B. Watkinson, R. Gray, Neurocognitive consequences of
marihuana–a comparison with pre-drug performance, Neurotoxicol. Teratol.
27  (2) (2005) 231–239.

28] M.P. Viveros, E.M. Marco, S.E. File, Nicotine and cannabinoids: parallels,
contrasts and interactions, Neurosci. Biobehav. Rev. 30 (8) (2006) 1161–1181.

29] S. Gonzalez, et al., Changes in endocannabinoid contents in the brain of rats
chronically exposed to nicotine, ethanol or cocaine, Brain Res. 954 (1) (2002)
73–81.

30] M.  Oz, et al., Differential effects of endogenous and synthetic cannabinoids on
alpha7-nicotinic acetylcholine receptor-mediated responses in Xenopus
Oocytes, J. Pharmacol. Exp. Ther. 310 (3) (2004) 1152–1160.

31] E. Valjent, et al., Behavioural and biochemical evidence for interactions
between Delta 9-tetrahydrocannabinol and nicotine, Br. J. Pharmacol. 135 (2)
(2002) 564–578.

32] F.M. Filbey, et al., Marijuana craving in the brain, Proc. Natl. Acad. Sci. U.  S. A.
13 (2009) 016–021.

33] D. Wechsler, Manual for the Wechsler Abbreviated Scale of Intelligence, The

Psychological Corporation, San Antonio, TX, 1999.

37] A.T. Beck, R.A. Steer, G.K. Brown, Beck Depression Inventory-II, Psychological
Corporation, San Antonio, TX, 1996.

38] A.T. Beck, R.A. Steer, Beck Anxiety Inventory Manual, Harcourt Brace and
Company, San Antonio, TX, USA, 1993.

http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0010
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0015
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0020
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0025
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0030
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0035
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0040
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0045
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0050
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0055
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0060
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0065
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0070
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0075
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0080
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0085
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0090
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0095
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0100
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0105
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0110
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0115
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0120
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0125
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0130
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0135
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0140
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0145
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0150
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0155
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0160
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0165
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0170
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0175


l Brain

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[60] S.J. Heishman, B.A. Kleykamp, E.G. Singleton, Meta-analysis of the acute
F.M. Filbey et al. / Behavioura

40] R. Barkley, K.R. Murphy, Attention-Deficit Hyperactivity Disorder: A Clinical
Workbook, 2nd ed., The Guilford Press, New York, NY, 1998.

41] M.B. First, et al., Structured Clinical Interview for DSM-IV-TR Axis I Disorders,
Research Version, Non-patient Edition (SCID-I/NP), Biometrics Research, New
York State Psychiatric Institute, New York, 2002.

42] L.C. Sobell, M.B. Sobell, Timeline follow-back: a technique for assessing
self-reported alcohol consumption, in: R.Z. Litten, J.P. Allen (Eds.), Measuring
Alcohol Consumption: Psychosocial and Biochemical Methods, Humana Press,
Totowa, NJ, USA, 1992, pp. 41–72.

43] D. Wechsler, Wechsler Memory Scale, Third Edition, The Psychological
Corporation, San Antonio, TX, 1997.

44] B. Fischl, et al., Whole brain segmentation: automated labeling of
neuroanatomical structures in the human brain, Neuron 33 (3) (2002)
341–355.

45] N. Solowij, R. Battisti, The chronic effects of cannabis on memory in humans:
a  review, Curr. Drug Abuse Rev. 1 (1) (2008) 81–98.

46] A. Batalla, et al., Structural and functional imaging studies in chronic cannabis
users: a systematic review of adolescent and adult findings, PLoS One 8 (2)
(2013) e55821.

47] T. Rubino, et al., Changes in hippocampal morphology and neuroplasticity

induced by adolescent THC treatment are associated with cognitive
impairment in adulthood, Hippocampus 19 (8) (2009) 763–772.

48] T. Rubino, E. Zamberletti, D. Parolaro, Adolescent exposure to cannabis as a
risk  factor for psychiatric disorders, J. Psychopharmacol. 26 (1) (2012)
177–188.

[

 Research 293 (2015) 46–53 53

49] P.W. Landfield, L.B. Cadwallader, S. Vinsant, Quantitative changes in
hippocampal structure following long-term exposure to delta
9-tetrahydrocannabinol: possible mediation by glucocorticoid systems, Brain
Res.  443 (1–2) (1988) 47–62.

54] R. Gray, et al., Hippocampal synaptic transmission enhanced by low
concentrations of nicotine, Nature 383 (6602) (1996) 713–716.

55] T. Hayase, Working memory- and anxiety-related behavioral effects of
repeated nicotine as a stressor: the role of cannabinoid receptors, BMC
Neurosci. 14 (2013) 20.

56] E.D. Levin, B.B. Simon, Nicotinic acetylcholine involvement in cognitive
function in animals, Psychopharmacology (Berl.) 138 (3–4) (1998) 217–230.

57] H.D. Mansvelder, et al., Nicotinic modulation of neuronal networks: from
receptors to cognition, Psychopharmacology (Berl.) 184 (3–4) (2006)
292–305.

58] A.J. Siemens, H. Kalant, Metabolism of delta-1-tetrahydrocannabinol by the
rat  in vivo and in vitro, Biochem. Pharmacol. 24 (7) (1975) 755–762.

59] N.L. Benowitz, et al., Nicotine absorption and cardiovascular effects with
smokeless tobacco use: comparison with cigarettes and nicotine gum, Clin.
Pharmacol. Ther. 44 (1) (1988) 23–28.
effects of nicotine and smoking on human performance, Psychopharmacology
(Berl.) 210 (4) (2010) 453–469.

61] M.P. Viveros, et al., Behavioural and neuroendocrine effects of cannabinoids in
critical developmental periods, Behav. Pharmacol. 16 (5–6) (2005) 353–362.

http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0180
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0185
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0190
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0195
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0200
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0205
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0210
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0215
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0220
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0225
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0230
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0235
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0240
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0245
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0250
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0255
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0260
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265
http://refhub.elsevier.com/S0166-4328(15)30100-5/sbref0265

	Combined effects of marijuana and nicotine on memory performance and hippocampal volume
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Study procedures
	2.2.1 Brain imaging

	2.3 Measures
	2.3.1 Sample characteristics
	2.3.2 Substance use
	2.3.3 Neurocognitive assessments

	2.4 Data Processing and Analysis
	2.4.1 Brain volumes
	2.4.2 Statistical analyses


	3 Results
	3.1 Sample characteristics
	3.2 Substance use
	3.3 Hippocampal volumes
	3.4 Memory performance
	3.5 Memory and hippocampal volumes
	3.6 Memory, hippocampal volumes and substance use

	4 Discussion
	5 Conclusions
	Conflicts of interest
	Acknowledgements
	References


