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Abstract

Importance—Stimulant use disorder is common, affecting between 0.3 to 1.1% of the
population, and costs over $85 billion per year globally. There are currently no licensed
treatments. Several lines of evidence implicate the dopamine system in the pathophysiology of
substance use disorder. Thus understanding the nature of dopamine dysfunction seen in stimulant
users has the potential to aid the development of new therapeutics.

Objective—To comprehensively review the in-vivo imaging evidence for dopaminergic
alterations in stimulant (cocaine or amphetamine/methamphetamine) drug abuse or dependence.

Data sources—The entire PubMed, EMBASE and PsycINFO databases were searched for
studies from inception date to May 14, 2016.
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Study selection—A total of 31 studies were identified that compared dopaminergic measures
between 519 stimulant users and 512 controls using positron emission tomography or single-
photon emission computed tomography to measure striatal dopamine synthesis or release, or
dopamine transporter or receptor availability.

Data extraction and synthesis—Demographic, clinical and imaging measures were extracted
from each study and meta-analyses and sensitivity analyses were conducted for stimulants
combined and cocaine and amphetamines separately where there were sufficient studies.

Main Outcomes and Measures—We determined the difference in dopamine release (assessed
using change in the D2/3 receptor availability following administration of amphetamine or
methylphenidate), transporter and receptor availability in cocaine, amphetamine and
methamphetamine users and healthy controls.

Results—In majority of the studies the duration of abstinence varied from 5 days to 3 weeks.
There was a significant decrease in striatal dopamine release (stimulants combined: Hedge’s g=
-0.84; cocaine: —0.87, both p<0.001), dopamine transporter availability (stimulants combined:
Hedge’s g= —-0.91, p<0.01; amphetamine and methamphetamine: Hedge’s g: —1.47, p<0.001) and
D2/3 availability (stimulants combined: Hedge’s g= —0.76; cocaine: —0.73; amphetamine and
methamphetamine: —0.81, all p<0.001). We did not find consistent alterations in vesicular
monoamine transporter, dopamine synthesis or D1 receptor studies.

Conclusion and relevance—Our data suggest that both pre and post-synaptic aspects of the
dopamine system in the striatum are down-regulated in stimulant users. We discuss the
commonality and difference between these findings and the discrepancies with the preclinical
literature as well as their implications for future drug development.

Introduction

According to World Health Organization estimates amphetamine-like stimulants
(predominantly methamphetamine and amphetamine) and cocaine are the second and fourth
most common forms of illicit substance abuse respectively (world drug report 2015; https://
www.unodc.org). The world-wide prevalence of amphetamine-like stimulant use was
estimated at between 0.3-1.1 percent in 2015 (between 13.8 million and 53.8 million users),
and for cocaine it was 0.3-0.4 percent of the population aged 15-64 (between 13 million and
20 million users) (world drug report 2015; https://www.unodc.org). Stimulant use is thus a
significant burden to society 1. Dopamine dysregulation is hypothesized to underlie
addictive behaviour 2—6 and stimulants such as amphetamine and cocaine act on dopamine
transporters and increase extracellular dopamine 7-10. Furthermore, preclinical models
show that the acute rewarding effects of stimulant drugs are linked to the release of
dopamine in the nucleus accumbens measured using micro-dialysis or fast scan cyclic
voltammetry 6,11. Positron emission tomography (PET) and single photon emission
computed tomography (SPECT) enable us to measure dopaminergic function in-vivo in
humans 12. Using these imaging tools, human studies have found that stimulant drugs
increase synaptic dopamine levels in the whole striatum (including ventral striatum which
includes the nucleus accumbens) and that increases are associated with the subjective
perception of drug reward in non-drug abusing controls 13,14. However, determining the
dopaminergic effects of stimulants in human stimulant users is essential as the
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neurobiological mechanisms may be different. A number of studies have investigated
dopamine release, dopamine transporter and dopamine receptor levels in stimulant addiction.
However, to our knowledge, there has not been a previous meta-analysis of these findings.
Thus we aimed to synthesize the PET and SPECT imaging findings on dopaminergic
function in cocaine and amphetamine-like (amphetamine and methamphetamine) stimulant
addiction and to consider their implications for its treatment. Since both drugs are known to
increase extracellular dopamine levels, either by blocking (cocaine) or reversing
(amphetamine/methamphetamine) the dopamine transporter, we pooled the data 10. We
group findings into studies of dopamine release, dopamine transporter availability, and
dopamine receptor availability. We focus on the whole striatum as it is richly innervated with
dopaminergic neurons and reliably imaged with PET and SPECT in humans 15.

Study selection

To be included in the meta-analysis, an article needed to investigate the striatal dopaminergic
system in cocaine or amphetamine-like stimulant users (this included amphetamine and
methamphetamine) and a control group, including the mean and standard deviations for both
groups (see supplementary figures 1 and 2 for the study selection and supplementary
methods for further details on the search and inclusion criteria). We focused on
amphetamine and methamphetamine as these are the most widely used amphetamine-like
drugs.

Data extraction

The main outcome measure was the difference in the dopaminergic imaging index between
stimulant users and controls. The following variables were extracted from all the studies:
authors, year of publication, subject characteristics of the control and stimulant users group
(group size, age, sex, substance use characteristics, comorbid substance abuse, method of
abstinence confirmation, duration of abstinence, diagnosis), imaging characteristics (method,
radiotracer, scanner type and resolution), route of administration of drug challenge and
modelling method.

Data analysis

The main outcome measure was the effect size for the dopaminergic index for the whole
striatum in the stimulant users (cocaine and amphetamine-like stimulants studies combined)
using a random effects model. Separate secondary meta-analyses were conducted for the
studies of dopamine transporter (DAT), dopamine release and dopamine receptor availability
in cocaine and amphetamine-like substance users to determine if the effects were consistent
across categories of stimulants. Publication bias was assessed using funnel plots as well as
regression tests. Heterogeneity was estimated using the 12 value (12values <50% indicate low
to moderate heterogeneity, whereas 12>50% indicate moderate to high heterogeneity).
Leave-one-out sensitivity analyses were conducted. A significance level of p<0.05 (2-tailed)
was taken as significant (see supplementary materials for further methodological details).
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Results

Dopamine release

There were 7 studies (5 in cocaine users and 2 in amphetamine-like stimulant users)
assessing dopamine release in 164 stimulant users with 139 healthy controls 16-22. The
meta-analysis showed a significant reduction in dopamine release in the stimulant users
relative to controls with an effect size of —0.84 ([95% confidence interval (Cl), -1.08 -
-0.60], p <0.001). This was also seen when the meta-analysis was restricted to cocaine
users, effect size —0.87 ([95% ClI, —1.15 - -0.60], p<0.001). There were too few studies of
amphetamine-like stimulant users for a meta-analysis, but the effect sizes in the two studies
were in the same direction (standardized mean difference (SMD): —1.05 [95% CI, —-1.76 -
-0.34] and -0.40 [95% CI, —1.11 - 0.32]) 20,21. The results of heterogeneity and sensitivity
analysis are provided in supplementary material (figure 1).

Dopamine transporter

There were 12 studies (3 in cocaine users24-26 and 9 in amphetamine-like stimulant
users27-35) assessing dopamine transporter availability in 177 stimulant users and 191
healthy controls. The meta-analysis showed a significant reduction in dopamine transporter
availability in the stimulant users relative to controls with an effect size of —0.91 ([95% ClI,
-1.5- -0.32], p<0.01). For sub-analysis, there were 9 studies in amphetamine-like stimulant
users 27-35 assessing dopamine transporter availability in 108 stimulant users and 126
healthy controls. The meta-analysis showed significantly reduced dopamine transporter
availability in amphetamine-like stimulant users (effect size: —=1.47 ([95% CI, -1.83 - -1.1],
p<0.001). There were 5 studies in cocaine users 24-26,36,37. However, one study was
excluded as it included cocaine users with potential CNS co-morbidity (HIV) 36. This left
too few studies for a separate meta-analysis in cocaine users. The results of these studies
were inconsistent, with the two PET studies (where there was an overlap of samples)
showing no significant difference in the DAT availability in cocaine users 26,37, whilst the
two SPECT studies reported elevated DAT in cocaine users who were acutely abstinent
24,25. The two SPECT studies in cocaine users had durations of abstinence of a maximum
of 4 days25 and mean of 7 days. 24 As such, residual cocaine could block radiotracer
binding to DAT, resulting in a slight underestimation of DAT levels in these studies. The
results of heterogeneity and sensitivity analysis are provided in supplementary material
(figure 2).

Dopamine receptor availability

There were 19 studies assessing dopamine receptor availability in 342 stimulant users and
321 healthy controls (7 studies in amphetamine-like stimulant users 20,21,38-42 and 12
studies in cocaine users 16-19,22,37,43-48).

The meta-analysis revealed an overall reduction in D2/3 receptor availability in stimulant
users relative to controls with an effect size of —0.76 ([95% Cl, —0.92 - —0.6], p<0.001). In
the separate analyses a reduction in D2/3 receptor availability was noted in both cocaine
users (effect size=—0.73 [95% CI, —0.94 - —0.53], p<0.001) and amphetamine-like stimulant
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users (effect size=—0.81 [95% CI, —1.12 - —-0.49], p<0.001) relative to controls. The results
of heterogeneity and sensitivity analysis are provided in supplementary material (figure 3).

Other dopaminergic measures

There was only one study in stimulant users using 6-[18F]fluoro-dihydroxy-phenylalanine
([18F]-DOPA) assessing dopamine synthesis capacity 49. This study showed reduced
dopamine synthesis capacity in cocaine users and the estimated effect size was found to be
0.46 [95% CI, —0.46 - 1.39]. We could not find any studies on dopamine synthesis capacity
in amphetamine-like stimulant users. Four studies assessed vesicular monoamine transporter
-2 (VMAT?2) availability, with inconsistent findings. Two studies showed significantly
reduced VMAT? availability, one in cocaine users with two weeks of abstinence [Hedge’s g:
1.6, 95% CI: 0.68 - 2.52] 50, and the other in methamphetamine abusers after three months
of abstinence [Hedge’s g: 1.68, 95% CI: 0.86 - 2.5] 28. However, two studies in recently
abstinent methamphetamine users (mean duration of abstinence: 2.6 days and 19 days)
showed elevated VMAT2 levels [Hedge’s g: 1.16, 95% CI: 0.56 - 1.76] 51,52. Moreover,
given that metamphetamine interacts with VMAT2 at the same site as the PET tracers and
the relatively short duration of abstinence, it is possible that VMAT2 levels were
underestimated in some subjects.

There was only one study on stimulant users and D1 receptors, which used [11C] NNC112
to compare cocaine abusers with controls 53. Though there were no differences in D1
receptors between groups, the availability of D1 receptors in cocaine abusers was negatively
associated with the choice to self-administer cocaine by the cocaine abusers

Discussion

To our knowledge this is first meta-analysis investigating the nature of dopaminergic
dysfunction in stimulant users. Our main findings are that dopamine release, transporter
levels and D2/3 receptor availability are all lower in vivo in stimulant users compared to
healthy controls with large to very large effect sizes (Hedge’s g: —0.84, —0.91 and -0.76
respectively). This indicates that there is a generalised down-regulation of the dopaminergic
system in stimulant users, as summarised in Figure 4. Our sensitivity analyses of the
dopamine D2/3 receptor availability and dopamine release findings showed consistent
results and we noted low heterogeneity across studies of cocaine and amphetamine-like
drugs, and across differing radiotracers and techniques. However, there was a difference
between results in amphetamine/methamphetamine and cocaine drug users in dopamine
transporter availability. In amphetamine/methamphetamine users there were large and
consistent reductions in dopamine transporter availability. In contrast for cocaine users,
despite the limited number of studies preventing sub-analysis, there were two studies that
showed no difference 26,54 and two other studies that reported elevated dopamine
transporter availability, both in acutely abstinent cocaine users 24,25. This may point to a
mechanistic difference between the effects of amphetamine-like drugs and cocaine on
dopamine transporters, consistent with preclinical findings55, and highlights the need for
more studies in cocaine users. Cocaine is known to primarily act by blocking DAT, while
amphetamine competitively inhibits dopamine re-uptake at DAT, and increases DAT
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mediated reverse-transport of dopamine from the cytoplasm into the synaptic cleft
independent of action potential evoked vesicular release.7-9 It has also been suggested that
amphetamine’s actions depend on its concentration, with it acting primarily as a DAT
blocker at low concentrations and reversing dopamine transport at high concentrations.7 In
addition, amphetamine-like stimulants are known to trigger internalization of plasmalemmal
DAT.56 Finally, cocaine, amphetamine and methamphetamine are also known to act on
serotonin and norepinephrine transporters, although their affinities for these are different. 57
Given these pharmacological differences between stimulants, there could be differences in
dopaminergic effects between stimulants that are masked by pooling studies.

There are some specific issues that affect interpretation of the results. For studies of D2/3
receptors, the tracers generally used do not distinguish between D2 and D3 receptors, or
between the high and low affinity forms of the D2 receptor, so the reduction could reflect a
change in one, or more of these. However, two studies used [11C]-PHNO, which is selective
for the D2 high affinity form and shows a higher affinity for D3 receptors over D2 receptors.
These studies did not show significant differences between stimulant users and controls in
the striatum 44,46. This could suggest that the reduction seen in our meta-analysis reflects a
reduction in the low affinity form of the D2 receptor availability. Also, given that the
radiotracers used to measure D2/3 receptor availability are sensitive to endogenous
dopamine levels 58, one possible interpretation of our finding of reduced D2/3 receptor
levels is that this reflects elevated synaptic dopamine levels. However, a dopamine depletion
study in cocaine users has shown that baseline synaptic levels are also reduced43. This
indicates that the reduction in D2/3 receptor availability represents a reduction in D2/3
receptor levels. Furthermore, when our findings are taken with the observation of reductions
in synaptic dopamine levels 43, and dopamine synthesis capacity 49, they suggest there is a
generalised reduction in presynaptic dopaminergic activity. Although, with the available data
we could not specifically rule out the possibility of upregulation D3 receptor.

In common with other meta-analyses of psychiatric imaging studies 59-63, there are
variations between studies in terms of both the sample characteristics, such as the inclusion
of current or abstinent users, co-morbid use of other substances such as nicotine and alcohol
and variations in the durations of abstinence, and methods, in particular in the radiotracer
used and delineation of the striatum (see supplementary discussion).

Nevertheless, there was low heterogeneity across the analyses, with the exception of the
dopamine transporter, and the random effects model we used allows for variations in effects.
Furthermore, if anything, these variations between studies would obscure rather than account
for the effects we observed. A general limitation of the literature, apparent in the funnel
plots, is that there are few studies with large sample sizes. It should also be noted that there
have been a relatively small number of studies on dopamine release and we could not
investigate potential differences between oral and intravenous routes of drug challenge to
elicit dopamine release. Although, in absolute terms the oral challenge studies showed lower
release than those using an intravenous route, both indicated blunted release in stimulant
users compared to controls.
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Implications for understanding stimulant misuse and dependence

Preclinical studies using /in vivo micro-dialysis and chronoamperometry conclusively
demonstrate that acute administration of stimulants increases extra-cellular dopamine
concentrations in the striatum, and nucleus accumbens. 11 Furthermore, /n vivo fast-scan
cyclic voltammetry and implantable micro-sensor studies, which are able to quantify the
dopamine signalling over a sub-second timescale, have shown that stimulants increase
phasic dopamine release 6,11, and human /7 vivo imaging studies also show evidence
consistent with acute exposure of stimulants leading to increased synaptic dopamine either
through cue induced dopamine release or blockade of DAT, and that this is linked to
subjective ‘high’ 54 and craving66,67. Moreover, change in in vivo dopamine imaging
indices, following amphetamine administration, has been shown to be directly related to
change in microdialysis measures 68, providing convergence across methods. Thus there is
consistency between the preclinical and clinical findings indicating that acute administration
of stimulants results in increased extra-cellular dopamine either by stimulating release
(amphetamines) or by DAT blockade (cocaine).

Our meta-analysis shows a consistent reduction in dopamine release in people who have
been exposed to chronic stimulants. In contrast, preclinical models of chronic use are
inconsistent, with some studies showing no change in basal dopamine output after
withdrawal of chronic amphetamine 69-72 and cocaine 73-77, whilst others have reported
increases in dopamine output after cocaine withdrawal 78-81. The first major implication of
our meta-analysis is thus that the findings in many preclinical models of chronic use do not
reflect what is seen in the human studies. This suggests caution in extrapolating from
preclinical models, and may explain the failure to develop treatments for stimulant addiction
based on them. There are a number of potential explanations for this inconsistency,
including differences in the dosing regimens and durations used in preclinical models
relative to human usage patterns. Nevertheless, this discrepancy suggests we need to develop
new preclinical models that reproduce the dopaminergic changes seen in the human
condition.

Our findings are also striking in showing reductions in both presynaptic and post-synaptic
aspects of the dopaminergic system, suggesting a generalised down-regulation. One
potential explanation for the reduction in dopamine release and transporter availability (seen
in amphetamine/methamphetamine users only) could be a loss of dopamine neurons per se
or damage to the dopaminergic terminals. There is evidence that both cocaine and
amphetamines induce apoptosis as indexed by activation of caspases, loss of mitochondrial
potential, cytochrome c release and oxidative stress. 82 However, in addition to this,
amphetamine and methamphetamine induce dopaminergic neuron damage through the
formation of quinones and free radicals. 83—85 Moreover, preclinical models with
methamphetamine have shown evidence of dopamine terminal damage that recovers with
detoxification 86,87. Furthermore, in humans, dopamine transporters recover with
detoxification in methamphetamine abusers (reviewed in 5,35), which was interpreted to
indicate that dopamine neurons were not lost. Moreover in the only post-mortem study we
could find, which was in methamphetamine abusers, there was evidence of reduction in
dopamine transporters but not of dopamine neuronal loss 88. However preliminary evidence
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from two recent epidemiological studies that methamphetamine abuse might increase the
risk for Parkinson’s disease 89,90 suggests that in some cases its abuse might accelerate age-
associated dopamine neuronal degeneration 91.

It has been suggested that repeated drug use causes tolerance by various mechanisms
including dopamine receptor alterations, changes in second messenger systems and altered
regulation of dopamine neuron function.92-94 Thus, it is possible that the dopaminergic
differences noted in our meta-analysis could be due to the development of tolerance through
one or more of these mechanisms. Pre-clinical studies have also demonstrated that
dopaminergic synaptic transmission is modulated by glutamatergic and GABAergic
neurons94. Neuroimaging studies investigating these interactions are needed to determine if
this is the case in humans.

Two alternative basic models are possible to account for both our pre and post-synaptic
findings. The first is that repeated stimulant use results in adaptive changes in the dopamine
system that lead to reduced firing of dopamine neurons, potentially similar to the
depolarisation blockade that is seen after a period of repeated firing 95, and consequently
reduced dopamine synthesis and release. In this context, reduced transporter levels may be
compensatory in response to reduced tonic dopamine levels in the synapse. The reduction in
D2/3 receptor levels is less easy to understand in the context of the presynaptic reductions.
However, D2/3 receptors undergo internalisation following activation by dopamine, and this
would reduce radiotracer binding, at least to a number of the tracers used in the studies in
our analyses 96,97. Thus the reduction in D2/3 receptor availability could reflect a
compensatory increase in internalized D2/3 receptors, which would reduce the number of
D2/3 receptors available to bind to dopamine. Repeated exposure may lead to loss of these
internalized receptors and long-term transcriptional changes that reduce receptor availability.

The second model is that reductions underlie the pathoetiology of stimulant misuse, and
precede its onset. Thus individuals at risk of stimulant misuse may have reductions in
dopamine release, transporter levels and D2/3 receptor levels secondary to genetic and/or
environmental risk factors. Reductions in D2/3 receptor levels and reduced release of
dopamine to stimulants could mean an individual is less sensitive to the effects of taking a
stimulant, leading to escalating use. However, it is less easy to see how reduced dopamine
transporter levels fit with this model, as they would be anticipated to prolong the effects of
stimulants. Longitudinal studies on the effects of stimulant drugs on patients with attention
deficit disorder showed downregulation of dopamine release with chronic exposure 98,
which indicates that some of the changes are driven by chronic drug exposures.

Finally, a hybrid model may best account for our findings. Evidence suggests that reduced
D2/3 receptor levels may precede and predispose to the onset of stimulant misuse but also
show further reductions during stimulant use 99, and similar effects may be seen with
dopamine release and transporter levels. It is interesting to note in our meta-analysis that
dopaminergic alterations are marked even in the studies of several months abstinence, with
evidence suggesting that dopamine receptor density and release are down-regulated even
after 9 months of abstinence 35. This suggests that effects may persist, with implications for
understanding relapse. Our findings also support the opponent process model 100.
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This highlights one fundamental issue raised by our meta-analysis, namely that current
findings do not address the temporal relationship between down-regulation in the dopamine
system and phase of addiction. Future longitudinal human PET studies as well as preclinical
studies that investigate changes in the dopamine system prior to and during stimulant
misuse-, and following abstinence are needed to test these models (Box 1; supplementary
material). In addition this will help to identify biomarkers to guide treatment and predict
outcomes.

Clinical implications of our findings

Our data identify a number of clear targets for treatment interventions. D2/3 receptors stand-
out, given our finding of a large effect size reduction. This is further supported by studies in
cocaine and in methamphetamine users showing that lower dopamine D2/3 receptor
availability at baseline predicts relapse following treatment 19 21. Our data also provide a
rationale for the development of drugs that target the presynaptic dopaminergic system to
restore tonic striatal dopamine release, which is necessary for the function of the striato-
cortical indirect pathway (a key system disrupted in addiction) 5. This is supported by recent
preclinical evidence showing that administration of the dopamine precursor L-DOPA
restored the aberrant dopaminergic signalling in a cocaine addiction animal model 6,100,
and preliminary clinical evidence that inhibiting dopamine reuptake (e.g., with bupropion,
modafinil, or mazindol), or inhibiting dopamine metabolism (e.g., with selegiline or
disulfiram) might hold some promise in the treatment for stimulant addiction 101. Strategies
to upregulate striatal D2 receptors have been shown in animal models to protect against
compulsive stimulant drug intake 102 and, thus, interventions that lead to D2 up-regulation,
such as physical activity as recently shown in a preliminary study in methamphetamine
abusers 103, merit further investigation. A number of dopaminergic treatments have been
tried to treat stimulant use disorder with limited success to date.104-106 Our data suggest
some potential explanations for the lack of success and identify a number of clear targets for
treatment interventions. D2/3 receptors stand-out, given our finding of a large effect size
reduction. This is further supported by studies in cocaine and in methamphetamine users
showing that lower dopamine D2/3 receptor availability at baseline predicts relapse
following treatment 19 21. Our findings may also explain why strategies to block dopamine
neurotransmission, for example using dopamine receptor antagonists107, have largely been
disappointing to date as dopamine receptor levels are already low, and suggest that strategies
to increase dopamine receptor levels or sensitivity could have potential.

Conclusions

There is robust evidence for down-regulated presynaptic and post-synaptic dopamine
function in stimulant addiction with large effect sizes. These findings suggest that drug
development should target the restoration of dopaminergic function as a target for the
treatment of stimulant addiction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Studies of dopamine release in stimulant users. The forest plot shows the effect sizes
estimated using a random effects model and 95% confidence intervals of the percentage change
in the difference of change in D2/3 binding after challenge. There was an overall decrease in
dopamine release in stimulant users relative to controls with a large to very large effect size
(-0.84 [95% CI, —-1.08 - —0.60], p<0.001)
Schrantee et al. 2015 and Wang et al. 2012 studied amphetamine-like stimulant users. The

remaining studies included cocaine users.
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Figure 2. Studies of dopamine transporter availability. The forest plot shows the effects sizes
estimated using a random effects model and 95% confidence intervals of the difference between
amphetamine/methamphetamine users and controls. There was an overall decrease in the
dopamine transporter availability in methamphetamine users relative to controls (-0.91 [95%

Cl, -1.5 - -0.32], p <0.01)
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Figure 3. Studies of dopamine receptor availability. The forest plot shows the effect sizes
estimated using a random effects model and 95% confidence intervals of D2/3 receptor binding
potentials. There was an overall decrease in dopamine receptor availability compared to controls

(-0.76 [95% CI, —-0.92 - —0.60], p<0.001).
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Figure 4. A summary of dopaminergic alterations in stimulant users
Summary of the synaptic location of the major dopaminergic findings from our meta-

analyses and findings from studies of other aspects of the dopamine system.

1. Based on study by Wu et al. 1997

2. Based on study by Boileau et al. 2008 & 2015

3. Based on study by Narendran et al. 2012 and Johanson et al. 2006

4. Meta-analysis finding with effect size of —0.81 [95% CI, —1.34 - —0.29], p<0.01
5. Meta-analysis finding with effect size of —0.91 [95% CI, —-1.50 - -0.32], p<0.01
6. Meta-analysis finding with effect size of —0.71 [95% CI, —0.91 - —-0.52], p<0.001
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