Supplementary

S1: PRISMA Checklist

Section and Item rtr Location where
. Checklist item . "
_Topic  # _item is reported
TITLE
Title 1 | Identify the report as a systematic review. 1
ABSTRACT
Abstract 2 | See the PRISMA 2020 for Abstracts checklist. 2
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge. 34
Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. 4
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for 5
the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources 5-6
sources searched or consulted to identify studies. Specify the date when each source was last
searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters | 5-6
and limits used.
Selection process 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, 6-7
including how many reviewers screened each record and each report retrieved, whether they
worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected | 6
process data from each report, whether they worked independently, any processes for obtaining or
confirming data from study investigators, and if applicable, details of automation tools used in
the process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were 6
compatible with each outcome domain in each study were sought (e.g. for all measures, time
points, analyses), and if not, the methods used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention | /
characteristics, funding sources). Describe any assumptions made about any missing or
unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the | 7-8
assessment tool(s) used, how many reviewers assessed each study and whether they worked
independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the 8
synthesis or presentation of results.
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. 8
methods tabulating the study intervention characteristics and comparing against the planned groups for
each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as 8
handling of missing summary statistics, or data conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and 8
syntheses.
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If 8
meta-analysis was performed, describe the model(s), method(s) to identify the presence and
extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results 8
(e.g. subgroup analysis, meta-regression).
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. /
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising | /
assessment from reporting biases).
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an /
assessment outcome.
RESULTS




Section and

Checklist item

Location where

Topic

item is reported

Study selection 16a | Describe the results of the search and selection process, from the number of records identified | 8-9
in the search to the number of studies included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and /
explain why they were excluded.
Study 17 | Cite each included study and present its characteristics. 11-16,
characteristics supplementary
Risk of bias in 18 | Present assessments of risk of bias for each included study. 9-11
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where 11-16; 21-23
individual studies appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval),
ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing /
syntheses studies.
20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for 16-21; 23-24
each the summary estimate and its precision (e.g. confidence/credible interval) and measures
of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. 19-21
20d | Present results of all sensitivity analyses conducted to assess the robustness of the /
synthesized results.
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for /
each synthesis assessed.
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome /
evidence assessed.
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. 24-26
23b | Discuss any limitations of the evidence included in the review. 26,
23c | Discuss any limitations of the review processes used. 26
23d | Discuss implications of the results for practice, policy, and future research. 27
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration 5
protocol number, or state that the review was not registered.
24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. | /
24c | Describe and explain any amendments to information provided at registration or in the 5
protocol.
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the /
funders or sponsors in the review.
Competing 26 | Declare any competing interests of review authors. 1
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template 5

data, code and
other materials

data collection forms; data extracted from included studies; data used for all analyses; analytic
code; any other materials used in the review.




S$2: demographic data of included study samples

Mean age/age

Percentage of

Authors & year Population I:lslggcrr:gastgsc Sample size  range in years fe_rr]ale
(SD) participants
Studies with only healthy samples (N = 19)
Bruhl et al. [1] healthy / 6 26 (3.8) 67
Caria et al. [2] healthy / 27 27.51 56
Grone et al. [3] healthy / 24 26.48* 33
Hamilton et al. [4] healthy / 17 29,84* 100
Hellrung et al. [5] healthy / 42 26.87* 0
Herwig et al. [6] healthy / 26 26.95* 50
Ihssen et al. [7] healthy / 10 21.4(2.3) 100
Johnston et al. [8] healthy / 31 21-54 52
Johnston et al. [9] healthy / 13 21-52 69
Liu et al. [10] healthy / 30 23.37* 53
Marxen et al. [11] healthy / 32 24.7 47
Mayeli et al. [12] healthy / 27 29 48
Paret et al. [13] healthy / 32 24.57* 100
Paret et al. [14] healthy / 20 24.57 (4.45) 100




Sarkheil et al. [15] healthy / 14 20-27 57
Scheinost et al. [16] healthy (high / 20 40
contamination

anxiety)
Wang et al. [17] healthy / 30 23.37* 53
Zhu et al. [18] healthy / 26 23.2(1.4) 54
Zotev et al. [19] healthy / 28 28.0 (9.0) 100
Studies with MDD samples (N = 6)
Hamilton et al. [20] clinical MDD 22 32,85* 100
Keller et al. [21] clinical MDD 39 35.2(2.2) 44

healthy 37 32.3(2.1) 41
Linden et al. [22] clinical MDD 16 48.44* 19
Mehler et al. [23] clinical MDD 32 47.07* 66
Young et al. [24] clinical MDD 33 31.53* 72
Young et al. [25] clinical MDD 21 37.78* 86
Studies with PTSD samples (N =7)
[ing?erma” etal. clinical PTSD 14 49.5 (5.11) 43

37.73

healthy 15 (12.86) 67

Misaki et al. [27] clinical PTSD 29 0
31.55*

Nicholson et al. [28] clinical PTSD 10 60

49.6 (6.5)




Nicholson et al. [29] clinical PTSD 14 64

48.1 (9.8)
Nicholson et al. [30] clinical PTSD 14 49.5 (5.11) 43
37.73
healthy 15 (12.86) 67
Zweerings et al. clinical PTSD 9 42.3 (14.1) 89
[31]
healthy 9 41.3 (13.1)
Zweerings et al. clinical PTSD 20 455 (12.2) 40
(32]
healthy 21 441 (10.9) 43
Studies with substance use samples (N =9)
Canterberry et al. clinical nicotine 9 32.7 (13.01) 11
[33] dependent
smokers
Chung et al. [34] clinical nicotine- 44 26.7 (7.5) 23
dependent
smokers
Hanlon et al. [35] clinical nicotine- 15 21-45 /
dependent
smokers
Hartwell et al. [36] clinical nicotine- 44 35.2* 36
dependent
smokers
- alcohol use 18-60
Karch et al. [37] clinical disorder 15 /
healthy 19
Karch et al. [38] clinical alcohol use 48 45.5* 14
disorder
. - cocaine 28.97*
Kirschner et al. [39] clinical users 22 44
healthy 28
Li et al. [40] clinical nicotine- 12 28.7 (10.9) 67
dependent
smokers
Rana et al. [41] clinical nicotine- 4
dependent
smokers

Supplementary table 2: [29] includes a subsample already published in [28]. Both mean ages
and percentage of female participants occasionally were calculated manually by the authors
of this review based on the available age- and gender-related information reported in the
respective studies. Manually calculated mean ages are noted with “*”. Manually calculated
percentages of female participants were rounded to integers.



S3: The frequency of significant ROI effects for all samples, healthy samples, and clinical

samples

Percentage of
significant results

All samples (Nstudies = 39)

Healthy samples (Nstudies = 25)

Clinical samples (Nstudies = 21)

100%
behavioural effect [Ntheoretical =
76-99% 19, Nsignf = 14; 21-26,30—
32,33,35,38,40,41]
behavioural effect [Ntneoretical = training effect [Nineoretica = 25; condition effect [Nineoretical = 23;
51-75% 31; Nsignf = 17; 2,3,16,21-26,30— | Nsignf = 13; 1,2-6,8-10,16-19] Nsignf = 12; 22—
32,33,35,38,40,41] 25,27,29,30,33,34,35,39,40]
condition effect condition effect [Ntheoretical = 25; | training effect [Ntneoretical = 23;
[3,4,6,9,12,14,18,22— Nsignf = 8; 3,4,6,9,12,14,18,39] Nsignf = 6; 20,22,25,29,37,40]
%52,02.73;29?;20?;5'\‘;180:;3c25 48; Nsignf group effect [Ntheoretical = 14;
= 20;33,34,35,2x 39,40] Nsignt = 7; 4,5,6,8,10,17,19]
training effect [Nineoretical = 48; transfer effect [Nineoretical = 12;
Nsignf = 19, 1,2—6,8—10,1 6— Nsignf = 4’ 5’11 ’13’19]
20,22,25,29,37,40]
26-50% brain—behavioural association
° group effect [Ntheoretical = 31; [Ntheoretical = 12; Nsignf = 5
Nsignt = 10; 2,3,11,16,19]
4,5,6,8,10,17,19,24,25,36]
transfer effect [Ntneoretical = 24;
Nsignf = 7; 5,11,13,19,25,29,41]
brain—-behaviour association
[Ntheoretical = 32; Nsignf =10;
2,3,11,16,19,22,24,25,32,35]
behavioural effect [Nineoretical = | group effect [Nineoretical = 17;
12, Nsignf = 3, 2,3,16] Nsignf = 3, 24,25,36],
transfer effect [Ntheoretical = 12;
1-25% Nsignt = 3; 25,29,41],
brain—-behaviour association
[Ntheoretical = 20; Nsignf =5;
22,24,25,32,35]
0%

Supplementary table 3. The frequency of significant ROI effects for all samples, healthy samples, and

clinical samples for condition effect, training effect, group effect, transfer effect, behavioural effect, and

brain—behavioural association. For each contrast the number of results theoretically available based on

the study design (Ntheoretica) and the number of significant results (Nsignf) are presented in brackets,

followed by the references of the studies that reported those significant results. As some studies included

both healthy and clinical samples, results for both samples have been considered for calculation of

condition effect, training effect and ftransfer effect. Nswdies defines the number of studies for each

population from which data has been included for syntheses.



S4: The frequency of significant region of interest (ROI) effects for clinical samples diagnosed
with MDD, PTSD, and substance use.

Percentage of
significant results

MDD (Nstudies = 6)

PTSD (Nstudies = 6)

Substance Use (Nstudies = 9)

100%
76-99% behavioural effect [Ntheoretical = behavioural effect [Ntheoretical =
9o 6; Nsignf = 5; 21,22-25] 5; Nsignt = 4; 26,30-32]
. condition effect [Ntheoretical = 6; behavioural effect [Nieoretical = 8;
51-75% Nsignf = 4; 22,23-25] Nsignf = 5; 33,35,37,40,41]
training effect [Ntneoretical = 6; condition effect [Ntneoretical = 6; condition effect [Nineoretical = 11;
Nsignf = 3; 20,22,25], Nsignt = 3; 27,29,30] Nsignt = 5; 33,34,35,39,40],
group effect [Ntheoretical = 6; Nsignf transfer effect [Ntheoretical = 3;
26-50% = 2; 24,25], Nsignf = 1; 41]
brain—-behavioural association
[Ntheoretical = 6; Nsignf = 3;
22,24,25]
transfer effect [Nneoretical = 4; training effect [Nieoretical = 6; training effect [Nieoretical = 11;
Nsignf =1; 25] Nsignf =1, 29], Nsignf =2; 37,40],
transfer effect [Ntheoretical = 5; group effect [Nieoretical = 6; Nsignf
1-25% Nsignf = 1; 29], = 1; 36],
brain—behavioural association | brain—-behavioural association
[Ntheoretical = 6; Nsignf =1; 32] [Ntheoretical = §; Nsignf =1; 35]
0% group effect (Ntheoretical =5; Nsignf

=0)

Supplementary table 4. The frequency of significant region of interest (ROI) effects for clinical samples

diagnosed with MDD, PTSD, and substance use, respectively, for the condition effect, training effect,

group effect, transfer effect, behavioural effect, and brain—behavioural association. For each contrast

the number of results theoretically available based on the study design (Ntheoretical) and the number of

significant results (Nsignf) are presented in brackets, followed by the references of the studies that

reported those significant results. Results for brain—behavioural association was not reported for PTSD

and substance use samples and transfer effect was not reported for any of the three groups as less than

three results were available for each respective contrast. Nswdies defines the number of studies for each

population from which data has been included for syntheses. Abbreviations: MDD = Major Depressive

Disorder; PTSD = Post-traumatic Stress Disorder.



S$5: The frequency of significant effects for the rt-fMRI-NFB training regions of interest
(ROIls) “amygdala”, “PFC”, “individualized multi-region ROIs”, and “other ROIs”

Percentage of
significant results

Amygdala
(Nstudies = 13)

PFC (Nstudies = 4)

Individualized multi-
region ROIs (Nstudies = 9)

Other ROIs
(Nstudies = 13)

100%
group effect [Ntheoretical =
76-99% 9; Nsignf =7;

5,6,10,17,19,24,25]

training effect [Ntneoretical behavioural effect behavioural effect

=13; Nsignf = 8; [Ntheoretical =9; Nsignf =5; [Ntheoretical =11, Nsignf =8;

1,5,6,10,17,19,25,29] 22,23,35,38,40] 2,3,16,26,30,31,33,41]
0,
51-75% transfer effect [Ninecoretical

= 9; Nsignf = 6;

5,11,13,19,25,29]

condition effect condition effect condition effect

[Ntheoretical =13; Nsignf =6; [Ntheoretical =12; Nsignf =5; [3,4,18,30,Ntheoretical =17;

6,14,24,25,27,29] 9,22,23,35,40] Nsignt = 8; 33,34,2x 39]

brain-behavioural training effect [Ntneoretical training effect [Nineoretical

26-50% association [Ntheoretical = = 12; Nsignf = 6; = 17; Nsignt = 5;

9; Nsignf = 4; 11,19,24,25] 8,9,20,22,37,40] 2,3,4,16,18]
brain—behavioural
association [Ntheoretical =
11; Nsignf = 3; 2,3,16]

behavioural effect condition effect group effect [Nineoretical = group effect [Nineoretical =

[Ntheoretical = 8; Nsignf = 2; [Ntheoretical = 6; Nsignf | 7; Nsignf = 1; 8], 11; Nsignf = 2; 4,36],

1-25% 24,25] =112 brain—behavioural transfer effect [Ntneoretical
association [Ntheoretical = =12; Nsignf = 1; 41]
9; Nsignf = 2; 22,35]
training effect
(Ntheoretical = 6; Nsignf
= O)7
0%

group effect
(Ntheoretical = 4; Nsignf
= O)

Supplementary table 5. The frequency of significant effects for the rt-fMRI-NFB training regions of

interest (ROIs) “amygdala”, “PFC”, “individualized multi-region ROIs”, and “other ROIs”. For each

contrast the number of results theoretically available based on the study design (Ntneoretical) and the

number of significant results (Nsignf) are presented in brackets, followed by the references of the studies

that reported those significant results. Studies with multiple rt-fMRI-NFB paradigms, or both clinical and

healthy samples, were considered separately for condition effects, training effects, and transfer effects.

Due to lack of sufficient data, the training effect, behavioural effect, and brain—behavioural association

are not reported for the PFC ROI. The transfer effect was not reported for PFC and protocols using

individualized multi-region ROIls. The following brain regions were included in the category of “other
ROI”: ACC (N = 5), anterior insula (N = 2), hippocampus (N = 1), orbitofrontal cortex (N = 1), PCC (N =

2), reward-related areas (N = 2). Individualized multi-region ROls included either the amygdala, PFC,

8



or those regions listed under the “other ROI” category. Nswdies defines the number of studies for each
population from which data has been included for syntheses. Abbreviations: NFB = neurofeedback; PFC

= prefrontal cortex, ROI = region of Interest.



S6: The frequency of significant whole-brain effects for all samples, healthy samples,
and clinical samples

Percentage of

All samples (Nstudies = 25)

Healthy samples (Nstudies =

Clinical samples (Nstudies = 13)

significant results 18)
100%

76-99%
condition effect [Ntheoretical = | condition effect [Ntneoretical = group effect [Ntneoretical = 11; Nsignf
32; Nsignf = 17; 18; Nsignf = 10; =6; 21,23,25,30,31,34]
3,5,7,8,12,13,22,23,25,2x 30,2x | 3,5,7,8,12,13,30-32,39] havi I off N o
31,2x 32,2x 39] behavioural effect [Ntheoretical =

51-75% ' ’ 12; Nsignf = 9; 21,22,23,25,30—
behavioural effect [Ntneoretical = 32,38,40]
21; Nsignf = 12; 2,3,7,21-
23,25,30-32,38,40]
training effect [Ntheoretical =32; training effect [Ntheoretical =18; condition effect [Ntheoretical =14;
Nsignf = 16; 2,6,8,9,12,17,2x Nsignf = 9; Nsignf = 7; 22,23,25,30-32,39],
21,22,28,2x 31,34,2x 37,38], 2,6,8,9,12,17,21,31,37], .. A

training effect [Ntheoretical =14;

26-50% group effect [Nineoretical = 19; transfer effect [Ntheoretical = 9; Nsignf = 7; 21,22,28,31,34,37,38]
Nsignf = 8§; Nsignf =3; 13,19,31]
6,17,21,23,25,30,31,34] behavioural effect [Ntneoretical =

9; Nsignf =3; 2,3,7]
o transfer effect [Ntneoretical = 16; group effect [Ntneoretical = 8; transfer effect [Nineoretical = 7;
1-25% Nsignt = 4; 13,19,2x 31] Nisignt = 2; 6,17] Nsignt = 1; 31]
0%

Supplementary table 6. The frequency of significant whole-brain effects for all samples, healthy

samples, and clinical samples for condition effect, training effect, group effect, transfer effect,

behavioural effect, and brain—-behavioural association. For each contrast the number of results

theoretically available based on the study design (Nineoretical) and the number of significant results (Nsignf)

are presented in brackets, followed by the references of the studies that reported those significant

results. As some studies included both healthy and clinical samples, results for both samples have been

considered for calculation of condition effect, training effect and transfer effect. Results for transfer effect

and brain—behavioural association could not be calculated due to lack of at least three available results

for these contrasts. Nstwudies defines the number of studies for each population from which data has been

included for syntheses.
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