ONLINE SUPPLEMENT - COGNITIVE DEFICITS OF PROBLEMATIC INTERNET USE: A META-ANALYSIS

Quality assurance
To address the risk of bias in relation to the quality of studies included in our meta-analysis we devised a quality scoring system with which we assessed each individual study that entered the final stage of analysis. The quality assurance control was performed in a consensus meeting attended by co-authors (KI, RH, SRC, two experienced psychiatrists and one experienced research assistant). In the meeting all papers in scope were assessed against the quality standard individually and received a score between 0-10. This was then used for moderation analysis to ascertain whether the quality of studies influenced the pooled effect estimate. 
In more detail, our scoring system consisted of 10 items. The items were chosen based on standard quality approaches, but also tailored to the specific parameters that the authors considered important for the specific field under study. Studies attracted one point for including each of the following 1) a screening tool for Internet addiction (including IAT, DCIA-C, YDQ etc) 2) a diagnostic interview of problematic internet use 3) a report of co-morbidities assessed using an appropriate method (e.g. MINI, DSM-IV or equivalent) including mood and anxiety disorders 4) a report of substance misuse co-morbidities assessed using an appropriate method (e.g. MINI, DSM-IV or equivalent) 5) a report of attention-deficit hyperactivity disorder assessed using an appropriate method (e.g. DIVA, ASRS or equivalent) or a measure of impulsivity (e.g. BIS) 6) a report of impulse control disorders and/or gambling assessed using an appropriate method (e.g. MIDI or equivalent) 7) an IQ measure 8) a report of level of education or equivalent 9) a report of appropriate cognitive performance measures (e.g. Stroop effect for attentional inhibition) 10) a numerical report of cognitive performance measures (e.g. mean, standard deviation or equivalent).
TABLE S1 – Quality measures of studies
	

Paper
	Task
	Diagnostic Interview
	Diagnostic screening tool
	Mood and anxiety disorders
	Substance misuse
	Impulse control /gambling
	ADHD and/or impulsivity
	IQ measure
	Education
	Appropriate Cognitive performance measures
	Data reporting
	

Total

	Cai et al., Brain Imag Behav, 2016
	Stroop
	0
	1
	0
	1
	0
	0
	1
	1
	0
	1
	5

	Chamberlain et al., CNS Specs, 2017
	Decision-making
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	9

	Chamberlain et al.,CNS Specs, 2017
	SSRT
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	9

	Chamberlain et al.,CNS Specs, 2017
	Working memory
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	9

	Chen et al., Psych and Clin Neuro, 2014
	GNG
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	7

	Choi et al., Int J of Psychophys 2013
	SSRT
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	7

	Choi et al., Journ Behav Add, 2014
	SSRT
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	9

	Choi et al., Psych Res, 2014
	Stroop
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	8

	Ding et al., Behav Brain Func, 2014
	GNG
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	8

	Dong et al., Neurosci Lett, 2011
	Stroop
	0
	1
	0
	0
	0
	0
	0
	1
	0
	1
	3

	Dong et al., Addict Behav, 2014
	Stroop
	0
	1
	1
	1
	0
	0
	0
	1
	0
	1
	5

	Dong et al., Bio Psych, 2013
	Stroop
	0
	1
	1
	1
	0
	0
	0
	1
	1
	1
	6

	Dong et al., Eur Addict Res, 2013
	Stroop
	0
	1
	1
	1
	0
	0
	0
	1
	0
	1
	5

	Dong et al., Europ Psych 2017
	Stroop
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	4

	Dong et al., Neurosci Lett, 2010
	GNG
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	4

	Dong et al., Prog Neuro-psycho, 2013
	Stroop
	0
	1
	1
	1
	0
	0
	0
	0
	1
	1
	5

	Dong et al., Psych Res, 2012
	Stroop
	0
	1
	1
	1
	0
	1
	0
	0
	0
	1
	5

	Kim et al., Sci Re;, 2017
	GNG
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	9

	Ko et al., Eur Arch Psych, 2014
	GNG
	1
	1
	1
	1
	0
	1
	0
	1
	0
	1
	7

	Li et al, Cyberpsychol Beh and Soc N, 2016
	Discounting
	0
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Li et al., Front Psychol, 2016
	SSRT
	0
	1
	1
	1
	0
	1
	0
	1
	1
	1
	7

	Lim et al., Medicine Open, 2016
	SSRT
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	9

	Lim et al., Medicine Open, 2016
	Stroop
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	8

	Lim et al., Medicine Open, 2016
	Working memory
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	9

	Lin et al., Prog in Neuro-Psych, 2015
	Discounting
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	2

	Littel et al., Addict Biol, 2012
	GNG
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	6

	Liu et al., Kaohs Journ Med Sci, 2014
	GNG
	1
	1
	1
	1
	0
	0
	0
	1
	0
	1
	6

	Lorenz et al., Addiction Biol, 2012
	Decision-making
	0
	1
	1
	1
	0
	1
	0
	1
	1
	1
	7

	Luijten et al., Psych Res: Neuroim 2015
	Stroop
	0
	1
	1
	1
	0
	1
	0
	1
	0
	1
	6

	Luijten et al., Psych Res: Neuroim 2015
	GNG
	0
	1
	1
	1
	0
	1
	0
	1
	1
	1
	7

	Metcalf et al., Cyberpsychol Beh and Soc N, 2014
	GNG
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	3

	Metcalf et al., Cyberpsychol Beh and Soc N, 2014
	Decision-making
	0
	1
	0
	0
	0
	1
	0
	0
	1
	1
	4

	Nikolaidou et al., J Behav Add 2016
	Decision-making
	0
	1
	1
	1
	0
	0
	0
	1
	1
	0
	5

	Pawlikowski & Brand, Psych Res, 2011
	Decision-making
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	8

	Qi et al., Front in Behav Neuro, 2015
	Decision-making
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	7

	Sun et al., CNS Spectr, 2009
	Decision-making
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	3

	Sun et al., CNS Spectr, 2009
	GNG
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	3

	Wang et al., Eur Arch Psychiatry Clin Neurosci, 2017
	Discounting
	0
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Wang et al., European Psych, 2016
	Discounting
	0
	1
	1
	1
	0
	1
	0
	1
	1
	0
	6

	Wang et al., Front in Behav Neuro, 2015
	Stroop
	0
	1
	0
	0
	0
	0
	0
	1
	0
	1
	3

	Xing et al., Brain Res, 2014
	Stroop
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	8

	Yao et al., Psych Res, 2015
	GNG
	0
	1
	1
	1
	0
	0
	0
	1
	1
	1
	6

	Yao et al., Psych Res, 2015
	Stroop
	0
	1
	1
	1
	0
	0
	0
	1
	1
	1
	6

	Yuan et al., Addiction Biol, 2016
	Stroop
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	7

	Yuan et al., Brain Struct Funct, 2016
	Stroop
	0
	1
	1
	1
	0
	1
	0
	1
	1
	1
	7

	Zhou et al, Act Neuropsychiatrica, 2010
	GNG
	0
	1
	1
	1
	0
	1
	0
	1
	0
	1
	6

	Zhou et al., Acta Neuropsychiatrica, 2016
	Working memory
	0
	1
	1
	1
	0
	1
	0
	1
	1
	1
	7

	Zhou et al., Acta Neuropsychiatrica, 2016
	GNG
	0
	1
	1
	1
	0
	1
	0
	1
	1
	1
	7

	Zhou et el., Front Behav Neurosc 2014
	Working memory
	0
	1
	1
	1
	0
	1
	0
	1
	1
	1
	7

	Zhou et el., Front Behav Neurosc 2014
	GNG
	0
	1
	1
	1
	0
	1
	0
	1
	1
	1
	7





TABLE S2 - Full list of studies included in the meta-analysis with demographic and problematic internet use characteristics
	ID
	Study
	Age 
	Gender Mix
	Area
	Scale
	PIU Definition
	Reported Comorbidities
	Cognitive Task
	PIU vs IGD

	1
	Cai et al., Brain Imag Behav, 2016
	Youth
	Mixed
	China
	IAT (20 items)
	PIU > 50
	Healthy sample
	Stroop
	IGD

	2
	Chamberlain et al., CNS Specs, 2017
	Youth
	Mixed
	USA
	IADQ
	PIU ≥ 5 items
	Mixed sample (including a % of axis-I comorbidities)
	Decision-making, SSRT, Working memory
	PIU

	3
	Chen et al., Psych and Clin Neuro, 2014
	Adults
	Male only
	Taiwan
	DCIA 
	PIU ≥ 6/9 criteria A items
	Healthy sample
	GNG
	IGD

	4
	Choi et al., Int J of Psychophys 2013
	Youth
	Mixed
	South Korea
	IAT (20 items)
	PIU ≥ 70 IAT score
	Healthy sample
	SSRT
	IGD

	5
	Choi et al., Journ Behav Add, 2014
	Y/A* 
	Male only
	South Korea
	IAT (20 items)
	PIU ≥ 70 IAT score
	Healthy sample
	SSRT
	IGD

	6
	Choi et al., Psych Res, 2014
	Youth
	Mixed
	South Korea
	IAT (20 items)
	PIU ≥ 80 IAT score
	Healthy sample
	Stroop
	PIU

	7
	Ding et al., Behav Brain Func, 2014
	Youth
	Mixed
	China
	modified YDQ (8 items)
	PIU ≥ 6 items
	Healthy sample
	GNG
	PIU

	8
	Dong & Zhao, Neurosci Lett, 2011
	Youth
	Male only
	China
	IAT (8 items)
	PIU > 5 items
	Healthy sample
	Stroop
	PIU

	9
	Dong et al., Addict Behav, 2014
	Youth
	Male only
	China
	IAT (20 items)
	PIU ≥ 80 IAT score
	Healthy sample
	Stroop
	IGD

	10
	Dong et al., Bio Psych, 2013
	Youth
	Male only
	China
	IAT (20 items)
	PIU ≥ 80 IAT score
	Healthy sample
	Stroop
	PIU

	11
	Dong et al., Eur Addict Res, 2013
	Youth
	Male only
	China
	IAT (20 items)
	PIU ≥ 80 IAT score
	Healthy sample
	Stroop
	IGD

	12
	Dong et al., Europ Psych 2017
	Youth
	Male only
	China
	IAT (20 items)
	PIU ≥ 50 
	Healthy sample
	Stroop
	IGD

	13
	Dong et al., Neurosci Lett, 2010
	Youth
	Male only
	China
	IAT (8 items)
	PIU ≥ 7 items
	Healthy sample
	GNG
	PIU

	14
	Dong et al., Prog Neuro-psycho, 2013
	Youth
	Male only
	China
	IAT (20 items)
	PIU ≥ 80 IAT score
	Healthy sample
	Stroop
	IGD

	15
	Dong et al., Psych Res, 2012
	Youth
	Male only
	China
	IAT (20 items)
	PIU ≥ 80 IAT score
	Healthy sample
	Stroop
	IGD

	16
	Kim et al., Sci Re;, 2017
	Adult
	Mixed
	South Korea
	Clinical Interview
	Diagnostic interview
	Healthy sample
	GNG
	IGD

	17
	Ko et al., Eur Arch Psych, 2014
	Adult
	Male only
	Taiwan
	DCIA-C (Ko et al. 2009)
	Diagnostic interview
	Mixed sample (including a % of axis-I comorbidities)
	GNG
	IGD

	18
	Li et al, Cyberpsychol Beh and Soc N, 2016
	Youth
	Mixed
	China
	YDQ (8 items)
	PIU ≥ 6 items
	Healthy sample
	Discounting
	PIU

	19
	Li et al., Front Psychol, 2016
	Youth
	Mixed
	China
	IAT (8 items)
	PIU ≥ 5 items
	Healthy sample
	SSRT
	PIU

	20
	Lim et al., Medicine Open, 2016
	Youth
	Male only
	South Korea
	DSM-5 + IAT (20 items)
	PIU ≥ 70 
	Healthy sample
	SSRT Stroop, WM
	IGD

	21
	Lin et al., Prog in Neuro-Psych, 2015
	Youth
	Male only
	China
	IAT (20 items)
	PIU ≥ 50 
	Mixed sample (including a % of axis-I comorbidities)
	Discounting
	IGD

	22
	Littel et al., Addict Biol, 2012
	Youth
	Mixed. Significant difference in gender. x2(1) = 16.91, P < 0.001
	Netherlands
	VAT (14 items) (van Rooij et al. 2012)
	PIU > 2.5
	Not reported
	GNG
	IGD

	23
	Liu et al., Kaohs Journ Med Sci, 2014
	Youth
	Male only
	Taiwan
	DCIA-C (Ko et al. 2009)
	Diagnostic interview
	Mixed sample (including a % of axis-I comorbidities)
	GNG
	IGD

	24
	Lorenz et al., Addiction Biol, 2012
	Adults
	Male only
	Germany
	WoWAI & CGB scores
	Score-based criteria
	Healthy sample
	Iowa Gambling Task
	IGD

	25
	Luijen et al., Psych Res: Neuroim, 2015
	Youth
	Male only
	Netherlands
	VAT (14 items) (van Rooij et al. 2012)
	PIU ≥ 2.5
	Healthy sample
	GNG, Stroop
	IGD

	26
	Metcalf et al., Cyberpsychol Beh and Soc N, 2014
	Youth
	Male only
	Australia
	AEQ questionnaire (24 item)
	PIU ≥ 4/7 core criteria
	Not reported
	GNG, IGT
	IGD

	27
	Nikolaidou et al., J Behav Add 2016
	Youth
	Mixed
	UK
	PIUQ(18 items)
	PIUQ score ≥ 53
	Mixed sample (including a % of axis-I comorbidities)
	IGT
	IGD

	28
	Pawlikowski & Brand, Psych Res, 2011
	Youth
	Mixed
	Germany
	IAT + IATwow (20 items) 
	PIU ≥ 50 
	Healthy sample
	Decision-making
	IGD

	29
	Qi et al., Front in Behav Neuro, 2015
	Youth
	Male only
	China
	YDQ (8 items) + IAT 
	PIU ≥ 5 items + ≥ 50
	Healthy sample
	BART
	IGD

	30
	Sun et al., CNS Spectr, 2009
	Youth
	Mixed
	China
	IAT (8 items)
	PIU ≥ 5 items
	Healthy sample
	IGT, GNG
	PIU

	31
	Wang et al., Eur Arch Psychiatry Clin Neurosci, 2017
	Youth
	Male only
	China
	IAT (20 items)
	PIU ≥ 50 
	Healthy sample
	Discounting
	IGD

	32
	Wang et al., European Psych, 2016
	Youth
	Male only
	China
	IAT (20 items)
	PIU >50
	Healthy sample
	Discounting
	IGD

	33
	Wang et al., Front in Behav Neuro, 2015
	Youth
	Mixed
	China
	modified YDQ (8 items)
	PIU ≥ 6 items
	Healthy sample
	Stroop
	IGD

	34
	Xing et al., Brain Res, 2014
	Youth
	Mixed
	China
	IAT (20 items)
	PIU >50
	Healthy sample
	Stroop
	IGD

	35
	Yao et al., Psych Res, 2015
	Youth
	Male only
	China
	CIAS 26 items
	PIU ≥ 67 CIAS score
	Healthy sample
	Stroop, GNG
	IGD

	36
	Yuan et al., Addiction Biol, 2016
	Youth
	Mixed
	China
	DSM-5
	PIU ≥ 5 criteria
	Healthy sample
	Stroop
	IGD

	37
	Yuan et al., Brain Struct Funct, 2016
	Youth
	Mixed
	China
	modified YDQ (8 items)
	Not reported
	Healthy sample
	Stroop
	IGD

	38
	Zhou et al, Act Neuropsychiatrica, 2010
	Adult
	Mixed
	China
	modified YDQ (8 items)
	PIU ≥ 6 items
	Healthy sample
	GNG
	PIU

	39
	Zhou et al., Acta Neuropsychiatrica, 2016
	Adult
	Mixed
	China
	modified YDQ (8 items)
	PIU ≥ 6 items
	Healthy sample
	GNG, Working memory
	PIU

	40
	Zhou et el., Front Behav Neurosc 2014
	Adult
	Mixed
	China
	modified YDQ (8 items)
	PIU ≥ 6 items
	Healthy sample
	WM, GNG
	PIU



Legend: Full list of studies are presented here in Table S1 (Cai et al., 2016; Chamberlain, Redden, Leppink, & Grant, 2017; C. Y. Chen et al., 2015; J. S. Choi et al., 2013, 2014; S.-W. Choi et al., 2014; Ding et al., 2014; G. Dong, Li, Wang, & Potenza, 2017; Guangheng Dong, Hu, & Lin, 2013; Guangheng Dong, Hu, Lin, & Lu, 2013; Guangheng Dong, Huang, & Du, 2011; Guangheng Dong, Lin, Zhou, & Lu, 2014; Guangheng Dong, Lu, Zhou, & Zhao, 2010; Guangheng Dong, Shen, Huang, & Du, 2013; Guangheng Dong, Zhou, & Zhao, 2011; Kim et al., 2017; C.-H. Ko et al., 2014; Li, Nan, et al., 2016; Li, Tian, et al., 2016; Lim et al., 2016; Lin, Zhou, Dong, & Du, 2015; Littel et al., 2012; Liu et al., 2014; Lorenz et al., 2013; Luijten, Meerkerk, Franken, van de Wetering, & Schoenmakers, 2015; Metcalf & Pammer, 2014; Nikolaidou, Fraser, & Hinvest, 2016; Pawlikowski & Brand, 2011; Qi et al., 2015; Sun et al., 2009; H. Wang et al., 2015; L. Wang et al., 2016; Y. Wang et al., 2017; Xing et al., 2014; Yao et al., 2015; Yuan et al., 2016, 2017; Z. H. Zhou, Yuan, Yao, Li, & Cheng, 2010; Z. Zhou, Zhou, & Zhu, 2016; Z. Zhou, Zhu, Li, & Wang, 2014). AEQ: Adolescent Expectancy Questionnaire; CIAS: Chen Internet Addiction Scale; DCIA-C: Diagnostic Criteria for Internet Addiction for College Students; DSM: Diagnostic and statistical Manual; IAT: Young’s Internet addiction test; YDQ: Young’s diagnostic questionnaire; IADQ: Young's Internet Addiction Diagnostic Questionnaire; PIU: Problematic internet use; VAT: Video game Addiction Test; WoWAI: World of Warcraft Addiction Inventory.



Discounting
The probability discounting task is a paradigm to examine the decision-making features under risky circumstances. Pathological gamblers and participants with substance misuse have been shown to discount more steeply compared to controls (Madden, Petry, & Johnson, 2009; Petry, 2012). The preferred metric used in the meta-analysis was log(h), in which smaller values indicate greater risk seeking. Where this metric was not available, the metric log(k) was used, in which higher values indicated greater risk seeking. 
We identified four studies assessing cognitive performance in internet addiction which were in scope, and according to our eligibility protocol we would have included the cognitive domain together with the remaining of the analysis. However, we encountered a number of problems during meta-analysing those studies. First, data (appropriate cognitive measures means and standard deviations) had to be extracted from graphs, which were unclear on which metric they represented; this adds an extra measurement error to our analysis. Second, the high homogeneity in conjunction with the similar demographic and performance data suggested some overlap of healthy control participants between studies included, which would be another statistical issue that would add uncertainty to the results. Finally, the low number of studies in conjunction with small study size led to publication bias. Moderator analysis had some difficulties because discounting studies had only been performed in Asian youth. Overall, we considered the domain of discounting still relatively unexplored and unclear whether confident conclusions can be drawn from this analysis. Therefore, the results are presented here, with the aforementioned caveats.  
Figure S3 – Forest plot of discounting studies
[image: ]
Legend: Forest plot showing the pooled estimate of discounting studies. Homogeneity measures were Tau^2(se): 0.172 (0.220); I^2: 63.79%; Q-test p-value: 0.040 (suggesting studies share a common effect size); Model estimate: 1.03 (0.26)
Figure S4 – Funnel plot of discounting studies
[image: ]
Legend: Meta-analysis funnels plots by cognitive domain; ‘z’ and ‘p’ values reported from Regression Test for Funnel Plot Asymmetry (mixed-effects meta-regression model). Evidence of publication bias identified in the domain of Discounting (Egger’s test p<0.01)
TABLE S5 – Heterogeneity and model estimate measures for different cognitive domains
	Domain
	N studies
	tau^2 (se)
	I^2
	H^2
	Q-test 
(p value) †
	Model Estimate (se)
	sig.

	Attentional Inhibition (Stroop)
	16
	0.381 (0.178)
	79.72%
	4.93
	 < .0001
	0.53 (0.175)
	**

	Motor inhibitory control (GNG)
	14
	0.124 (0.086)
	57.77%
	2.37
	< .001
	0.51 (0.167)
	***

	Motor inhibitory control (SST)
	5
	0.015 (0.054)
	19.18%
	1.24
	0.26
	0.42  (0.12)
	***

	Decision-Making
	7
	0.012 (0.044)
	14.96%
	1.18
	0.17
	0.49 (0.11)
	**

	Working Memory
	4
	0.039 (0.081)
	39.65%
	1.66
	0.168
	0.40  (0.17)††
	*

	Discounting
	4
	0.172 
(0.22)
	63.79%
	2.76
	0.041
	1.03  (0.26)
	N/A



Legend: tau^2: estimated amount of total heterogeneity; I^2: (total heterogeneity / total variability); H^2: (total variability / sampling variability); Q-test: Test for Heterogeneity; meta-analysis was done using random-effects model using REML. REML: Restricted maximum-likelihood estimator


TABLE S6 – Moderator analysis results
	Domain
	Age
	Gender
	Presence of co-morbidities
	Diagnostic conceptualization (IGD vs PIU)
	Geographical Area
	Quality of studies

	Attentional Inhibition (Stroop)
	-
	n.s.
	-
	n.s.
	n.s.
	n.s.

	Motor inhibitory control (GNG)
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.

	Motor inhibitory control (SST)
	-
	n.s.
	n.s.
	n.s.
	n.s.
	p = 0.03
*

	Decision-Making
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.

	Working Memory
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.
	n.s.



Legend: Age was not a moderating variable in Go/No-Go (p=0.15), decision-making (p=0.62), working memory (p=0.21) studies. There is a clear gender bias in the study designs where there was a significant number of ‘males only’ studies (~54%), but none of ‘females only’. Gender (analysed as ‘males only’ vs ‘mixed’) was not a moderating variable in any domain [Stroop (p=0.17), SST (p=0.65), Go/No-Go (p=0.81), decision-making (p=0.21), and working memory (p=0.071)]. Geographical area (analysed as binary variable of predominantly Asian versus predominantly Caucasian populated areas) was not a moderating variable in any domain [Stroop (p=0.52), SST (p=0.15), Go/No-Go (p=0.53), decision-making (p=0.88) and working memory (p=0.97)]. The presence of comorbidities was not a moderating variable in SST (p=0.15), Go/No-Go (p=0.81), decision-making (p=0.34) and working memory (p=0.97) studies. Diagnostic conceptualization was not a moderating variable in any domain [Stroop (p=0.40), Go/No-Go (p=0.06), decision-making (p=0.37), working memory (p=0.07)]. Quality was not a moderating variable in Stroop (p=0.87), Go/No-Go (p=0.22), decision-making (p=0.39) or working-memory (p=0.21).


[bookmark: _GoBack]TABLE S7 - List of studies that were excluded from the meta-analysis
	
	Study
	Task

	1
	Bailey et al., Front in Psychol 2013
	IGT/ Temporal Discounting/Risk task/Probabilistic selection

	2
	Balconi & Finocchiaro, Acta Neuro, 2016
	GNG

	3
	Chen et al, Psych Res 2017
	Facial Processing

	4
	Choi et al., Psych Res, 2014
	SSRT

	5
	Decker et al., Comp in Human Behav, 2011
	Internet GNG

	6
	Dieter et al., Bheavior Brain Res 2017
	Emotional Stroop

	7
	Dong et al., Prog Neuropsychopharm Bio, 2015
	Stroop

	8
	Han et al., Journ Affec Dis 2016
	Set shifting

	9
	Jeromin et al,. J of Behav Add, 2016 (b)
	Internet Stroop/Stroop

	10
	Jeromin et al,. J of Behav Add, 2016
	Internet Stroop

	11
	Ko et al., Asia-Pacific Psych, 2014
	Directed forgetting Internet

	12
	Lee et al., Cyberpsychol, 2015
	Stroop Match-to-Sample

	13
	Lim et al., Medicine Open, 2016
	Verbal fluency

	14
	Lim et al., Medicine Open, 2016
	Planning

	15
	Liu et al., Neuroimage, 2017
	Cups task

	16
	Li et al., Sci Rep, 2014
	GNG

	17
	Lorenz et al., Addiction Biol, 2012
	Dot probe

	18
	Metcalf et al., Cyberpsychol Beh and Soc N, 2014
	Sustained attention

	19
	Nie et al., Compr Psych, 2017
	Verbal Fluency

	20
	Nie et al., Psych Res, 2016
	SSRT

	21
	Park et al, Medicine 2017
	Auditory odd ball

	22
	Park et at., Transl Psych 2016
	Auditory odd ball

	23
	Peng et al, Front in Behav Neuro, 2017
	Facial Processing

	24
	Seok et al, ANZJP, 2015
	Decision-making

	25
	Sun et al., Cyberpsychol Beh, 2008
	Multiple Object Tracking Task

	26
	Vila et al., Adicciones, 2017
	Verbal fluency/ Sustained attention/ Verbal recall

	27
	Wang et el,. Front Behav Neursc 2015
	Stroop

	28
	Wang et al,. CNS Specs, 2017
	Stroop / Internet Stroop

	29
	Wang et al,. Addiction Biol 2016
	Discounting

	30
	Yao et al., PLOS ONE, 2015
	Cups task

	31
	Yao et al., Psych Res, 2015
	Cups task

	32
	Yau et al., Add Behav , 2015
	BART

	33
	Yen et al., Psych Res, 2011
	Implicit association Task

	34
	Zhang et al., Front in Psychol, 2016
	Internet Stroop

	35
	Zhou et al., PLOS ONE, 2012
	Internet Game-shifting Task

	36
	Zhou et al., Acta Neuropsychiatrica, 2016
	Set shifting

	37
	Zhou et al., Front Beh Neurosc 2013
	Flanker Task


Legend: Studies excluded from the meta-analysis due to 1) Less than 4 studies per cognitive domain assessed; 2) Data (i.e. mean and standard deviation) not provided in original publication, nor by direct contact with authors 3) Lack of control group; (Balconi & Finocchiaro, 2016; Z. Chen, Poon, & Cheng, 2017; J. S. Choi et al., 2014; Dieter et al., 2017; Han, Kim, Bae, Renshaw, & Anderson, 2016; Jeromin, Nyenhuis, & Barke, 2016; Kim et al., 2017; C. H. Ko et al., 2015; Lee et al., 2015; Lin et al., 2015; Lorenz et al., 2013; Marín Vila, Carballo Crespo, & Coloma Carmona, 2017; Nie, Zhang, Chen, & Li, 2016; Nie, Zhang, & Liu, 2017; Seok, Lee, Sohn, & Sohn, 2015; Lingxiao Wang et al., 2017; Y. Wang et al., 2016; Yau, Potenza, Mayes, & Crowley, 2015; Zhang et al., 2016; Z. Zhou, Li, & Zhu, 2013; Z. Zhou et al., 2016, 2014)
R code 
# Use the following the command to load the data. Only sample of code is presented here, repeated sequences of code are omitted.
df <- read.csv("~/…/df_piu_cog_meta.csv", head = TRUE, stringsAsFactors = FALSE); df <- data.table(df)
#df <- mutate(df, study_id = 1:92) # This adds a study id column 
df <- df %>% select(ID, paper, Age:Geographical, Co.morbidities:control.N) # This brings the study id column to the front
df_Stroop <- df %>% filter(Task == "Stroop") %>%
                 dplyr::select(ID, paper, piu.mean:control.N) %>%
                filter(complete.cases(.))
df_Stroop <- escalc(measure="SMD", m1i=piu.mean, m2i=control.mean, sd1i=piu.SD, sd2i=control.SD, n1i=piu.N, n2i=control.N,  data=df_Stroop, slab=paper) 
# Now you're ready to perform the meta-analysis using a random-effects model. The following commands will print out the data and also calculates and print the confidence interval for the amount of heterogeneity (I^2).
res_Stroop <- rma(yi, vi, data=df_Stroop) ; res_Stroop #results
par(font=1); #forest plot
forest(res_Stroop, xlim=c(-2.5,2.5), 
       at=transf.rtoz(c(-0.6,-.4,-.2,0,.2,.4,.6, .8)), digits=c(2,1), cex=.8)
par(font=2, cex=1)
text(-2.5, 17.5, "Author(s), Year", pos=4, cex=.8)
text(-0.8, 17.5, "Attentional Inhibition (Stroop Task)", pos=4, cex=.8)
text( 2.5, 17.5, "Effect size [95% CI]", pos=2, cex=.8)
### funnel plot
par(font=1, cex=1)
funnel(res_Stroop, xlab = "Effect size Hedge's g", at= c(-0.5, 0, as.numeric(res_Stroop$beta), 1, 1.5),
       main= "Attentional Inhibition (Stroop Task) \n test for plot asymmetry: z = 1.77, p = 0.078")
res.tf <- trimfill(res_Stroop)
res.tf
regtest(res_Stroop)
ranktest(res_Stroop)
#repeat code for different domains
#moderator analysis
df <- df %>% select(ID, paper, Age:Geographical, Co.morbidities:control.N) # This brings the study id column to the front
df$Age <- as.factor(df$Age); df$Co.morbidities <- as.factor(df$Co.morbidities)

dfm_Stroop <- df %>% filter(Task == "Stroop") %>%
  dplyr::select(ID:control.N) %>%
  filter(complete.cases(.))
res.modage <- rma(yi, vi, mods = ~ Age, data=dfm_Stroop) ;res.modage 
res.modgender <- rma(yi, vi, mods = ~ Gender, data=dfm_Stroop) ;res.modgender 
res.modgeo <- rma(yi, vi, mods = ~ Geographical, data=dfm_Stroop) ;res.modgeo 
res.modmorb <- rma(yi, vi, mods = ~ Co.morbidities, data=dfm_Stroop) ;res.modmorb
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Description of cognitive domains and key outcome measures
Cognitive domains entering into the meta-analysis are briefly described below, including detailed of the preferred output measure(s). Sufficient suitable data were found for meta-analysis of the following cognitive domains (tasks): attentional inhibition (Stroop), motor inhibition (go/no go), pre-potent motor inhibition (stop-signal), decision-making (Cambridge Gambling Task, Iowa Gambling Task, Game of Dice, and Balloon Analogue Risk), working memory (Digit Span, Spatial Working Memory), and discounting. These domains were operationally defined as follows: motor inhibition, the ability to withhold not-already-triggered responses (Chamberlain & Sahakian, 2007); pre-potent motor inhibition, the ability to suppress already-triggered responses (Chamberlain & Sahakian, 2007); attentional inhibition, the ability to shift attention away from distracting environmental dimensions (MacLeod, 2015); decision-making, selection of optimal choices considering all available information (including risk & reward magnitudes, and probabilities of different outcomes) (Winstanley & Clark, 2016); working memory, ability to hold and manipulate information ‘on-line’ (Owen et al., 1999); and discounting, preference for  larger more advantageous delayed rewards versus smaller more immediate rewards (Kirby & Finch, 2010).
Stroop attentional inhibition
During the Stroop test, the presentation of incongruent stimuli (e.g. the word ‘GREEN’ in ‘red’ font) increases the executive processing burden for the brain and typically delays reaction times, compared to the response to congruent stimuli. Deficits have been demonstrated before in patients with substance misuse (Barch, Carter, & Cohen, 2004; Simon et al., 2002), among other disorders. Therefore, the preferred metric extracted from studies was the difference in reaction time between incongruent and congruent trials. Where this information was not available, the reaction time for incongruent trials was used. 
Motor Inhibitory Control
Inhibitory control is typically examined using go/no-go tasks and Stop-signal tasks. The former examines withholding responses in response to a certain cue, whereas the latter involves inhibition of already-triggered motor responses when a ‘stop-signal’ occurs. As such each of these two task types were analysed separately. Go/no-go  tasks have shown validity as a measure of impulse control, and patients with attention-deficit hyperactivity disorder, or substance misuse have been shown to perform poorly compared to matched controls (Fillmore, 2003; Weafer, Milich, & Fillmore, 2011). For go/no-go tasks, inhibitory control is typically indexed by commission errors and this was the outcome measure of choice. The Stop-signal Task is a valid cognitive test to assess top-down inhibitory control performance (Verbruggen & Logan, 2008). Impulse control disorders, ADHD, compulsive spectrum disorders and substance misuse have been associated with deficits in motor response inhibition (Torregrossa, Quinn, & Taylor, 2008). The preferred metric used in the meta-analysis was the stop-signal reaction time, which is a measure of time taken to suppress a response that would normally be made.
Decision-making
Decision-making is an executive function cognitive domain which can be assessed by a wide variety of cognitive performance tests. We included in the meta-analysis papers that used decision making tasks e.g. the Cambridge Gambling task (Chamberlain et al., 2017), the Iowa Gambling Task (Bechara, Damasio, Damasio, & Anderson, 1994), the Game of Dice Task (Brand, Recknor, Grabenhorst, & Bechara, 2007) and the balloon analogue risk task (BART) (Lejuez et al., 2002).
Working memory
Working memory has been assessed using a spatial working memory task and an arithmetic working memory paradigm (digit span test). Working memory deficits have been demonstrated in patients with affective disorders (Sweeney, Kmiec, & Kupfer, 2000), among others. The metric used in the meta-analysis, where available was backward digit span (for the arithmetic paradigm) and total errors (for spatial working memory).
Discounting
Discounting tasks examine whether participants prefer a smaller more immediate reward rather than a larger delayed reward. There were four studies in scope, however, due to limitations which are discussed in detail in the online supplement, the results presented separately (Supplementary Figures S1 & S2).   
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