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We thank Liu and colleagues for their interest and thoughtful comments on our
neuroimaging meta-analysis on in somnia disorder [1]. In their commentary, the authors
highlight the conceptual and technical diversity among current neuroimaging approaches,
including those that were integrated in our recent analysis. We completely concur with their
summary on these differences, as indeed different modalities and analysis methods reveal
different neurobiological features [2,3]. Therefore, we would like to focus on what we
perceive as the critical question arising from this commentary, namely whether the findings
obtained by the different methods can be combined in a useful and interpretable way by
meta-analyses.

From the technical perspective, the results from any imaging modality that provides
stereotaxic coordinates in a standard reference space for the peak locations of those clusters
that became significant in a voxel-wise whole-brain analysis are readily includable in a
coordinate-based meta-analysis (CBMA\) [4]. This flexibility is a key advantage of CBMA
and can be attributed to the fundamental principle of assessing spatial convergence in the
reported locations. The admittedly sparse representation of published findings by spatial
locations of the reported peaks not only avoids any influence of modality-immanent
differences in signal characteristics, e.g., scaling, heteroscedastic, and smoothness. Rather, it
also negates any influence of statistical choices such as thresholding procedure and
significance levels. Put it simply, CBMA addresses the question, where in the brain
previously reported effects for a particular topic show a higher spatial convergence than
expected by a random spatial association — independently of the modality, methods and
analytical choices of the original papers [5].

Such approach focusing on the spatial aspect not only acknowledges the fact that the
primary objective of most neuroimaging studies is spatial inference, but also raises an
important conceptual distinction between CBMA and classical effect-size meta-analyses in
behavioral and clinical sciences [6]. In contrast to the latter, CBMA should not be seen as
the search for an absolute ground truth as it cannot establish the presence or absence of an
effect at any given location due to the sparse representation and absence of effect-size
measures. Rather, from the very outset, neuroimaging meta-analyses have been developed
and enjoy great success as a method to consolidate a rich but heterogeneous literature by
distilling spatial convergence. As rightfully pointed out by Liu and colleagues, there is an
immense experimental and analytical flexibility of neuroimaging studies. In addition,
worries about p-hacking, selective reporting and publication bias towards positive findings
are also well documented. This leads to a situation, where the literature may consist of many
spurious, maybe even false positive effects, reflecting peculiarities of each study. CBMA
then serve the critical role of consolidating the reported locations of significant effects into
robust evidence by the analysis of spatial convergence [5].

Thus, indeed, CBMA has provided useful insights into the brain regions involved in various
neuropsychiatric disorders [7-11]. Our finding that, given the current literature, the same
method has not pinpointed similar consistent findings for insomnia disorder may have
several causes as discussed in the paper. In particular, the lack of findings could be
attributable to, e.g., an insufficient power to find very small or noisy effects among a
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plethora of experimental and analytical choices resulting in spatial noise; to associations of
insomnia with more subtle or distributed brain structural and functional deviations; or the
presence of distinct subtypes among insomnia patients [12].

Whereas the suggested alternative approach of a qualitative review has a value if done with
the aim of presenting a falsifiable model or hypothesis, such an approach has its own
limitations. Even the most careful and systematic approach will be susceptible to subjective
biases. Moreover, CBMA has the distinct advantage of providing an objective spatial
inference, something which is hard to achieve in a qualitative review. Nevertheless,
reviewing as well as CBMA is only a starting point into understanding the etiology of brain
disorders. Either provides, with different aims, approaches and limitations, a consolidation
of the current knowledge, but not in itself a model of pathophysiology. They may then,
however, provide critical information and constraints on falsifiable models or hypothesis on
why insomnia would be associated with a particular location as well as why their location
differs across subjects and studies.

Liu and colleagues make an important suggestion in accordance to the best-practice
guidelines published earlier by Muller and colleagues to include reasonable amount of
homogeneous experiments [5]. Put differently, they suggest to first aggregate findings within
each modality and at a next level integrate the information across modalities. This would
indeed represent an optimal approach, but obviously requires breaking down the available
literature into smaller, more homogeneous groups of experiments. Such approach thus
requires dealing with a trade-off that is inherent to any meta-analytic procedure and also
well-known in CBMA. On one hand, studies included into a meta-analysis should evidently
be as homogeneous as possible. On the other hand, a larger number of included studies not
only increases power to detect smaller effects but also increase robustness and provide
superior evidence for the generalization across experimental and analytical procedures.
Importantly, this weighting between inclusiveness and focus is fundamentally unre-solvable
as there is no generally optimal balance between both opposing attractors. Rather, there are
guidelines establishing lower bounds for either end. For inclusiveness, the minimal number
of studies needed in ALE analyses to avoid spurious effects driven by a single study is an
important and clearly established lower bound [13]. It also represents the reason why the
analysis strategy suggested by Liu and colleagues to first conduct separate CBMA of studies
with the same imaging modality was not viable in our study [1], given that there were not
enough studies per modality to perform a valid neuroimaging meta-analysis over the single
modalities [13].

But can we formulate a similar lower bound on focus, i.e., how diverse should we allow
studies to be? Here the answer is at the same time simpler and more complex than one may
intuitively think, as this floor indeed exists but is specific to each meta-analysis as it reflects
the scientific question. If one wants to investigate, where in the brain task activations are
most likely to occur, one would include the entire task-based literature to the extent that is
technically possible [14]. Likewise, combination of structural and functional studies [15—
18], various tasks [19-21], or various resting-state methods [11,22—24] has been also well-
documented previously. Constructing a toy example for the opposite, i.e., very tight
approach, if the question is to find the representation of reflexive pronouns in sentences
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containing German action verbs, a study that uses the exact same task and material in
English may already be considered too divergent. That is, the homogeneity required for a
CBMA is solely dependent on the scientific question of interest. In our recent meta-analysis
on insomnia disorder [1], we tried to address the question, whether there are spatially
consistent abnormalities in the brains of patients relative to healthy control subjects and
hence pooled the entire available literature.

As a final thought, does this exclude the emergence of convergent abnormalities in any
individual modality, any particular type of analyses? Evidently it does not. Rather, it is well
conceivable, that once more primary neuroimaging studies in patients with insomnia are
conducted and published, subsequent meta-analyses following the same stringent
methodological approach as the current but addressing a more focused question may reveal
convergence within that particular part of the literature on insomnia disorder. Our meta-
analysis, however, highlights the lack of spatial convergence within the hitherto existing
limited neuroimaging literature. Taken together, we agree with Liu and colleagues that when
more upcoming well-designed imaging studies in insomnia disorder are available, this
CBMA could be revisited in the future and might then reveal consistent regional alterations.
Another promising avenue would be to use a more rich representation of the original data,
e.g., by moving towards image-based meta-analysis as pioneered by ENIGMA consortium
approaches. These may provide an alternative view into structural and functional regional
disturbance in insomnia disorder in the future.

Acknowledgment

This study was supported by Kermanshah University of Medical Sciences. Simon B. Eickhoff is supported by the
Deutsche Forschungs-gemeinschaft, the National Institute of Mental Health (R01-MH074457), the Helmholtz
Portfolio Theme “Supercomputing and Modeling for the Human Brain” and the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement No. 7202070(HBP SGA1). Eus VVan Someren is
supported by the European Research Council (ERC-ADG-2014-671084-INSOMNIA).

References

[1]. Tahmasian M, Noori K, Samea F, Zarei M, Spiegelhalder K, Eickhoff SB, et al. A Lack of
consistent brain alterations in insomnia disorder: an activation likelihood esti-mation meta-
analysis. Sleep Med Rev 2018 7 10. 10.1016/j.smrv.2018.07.004 [Epub ahead of print].

[2]. Bandettini PA. What’s new in neuroimaging methods?Ann N Y Acad Sci 2009;1156:260-93.
[PubMed: 19338512]

[3]. Snyder AZ, Raichle ME. A brief history of the resting state: the Washington University
perspective. Neuroimage 2012;62(2):902-10. [PubMed: 22266172]

[4]. Turkeltaub PE, Eden GF, Jones KM, Zeffiro TA. Meta-analysis of the functional neuroanatomy of
single-word reading: method and validation. Neuroimage 2002;16(3 Pt 1):765-80. [PubMed:
12169260]

[5]. Muller VI, Cieslik EC, Laird AR, Fox PT, Radua J, Mataix-Cols D, et al. Ten simple rules for
neuroimaging meta-analysis. Neurosci Biobehav Rev 2018;84:151-61. [PubMed: 29180258]

[6]. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ
2003;327(7414):557-60. [PubMed: 12958120]

[7]. Goodkind M, Eickhoff SB, Oathes DJ, Jiang Y, Chang A, Jones-Hagata LB, et al. Identification of
a common neurobiological substrate for mental illness. JAMA Psychiatry 2015;72(4):305-15.
[PubMed: 25651064]

Sleep Med Rev. Author manuscript; available in PMC 2021 April 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tahmasian et al.

Page 5

[8]. Muller VI, Cieslik EC, Serbanescu I, Laird AR, Fox PT, Eickhoff SB. Altered brain activity in

unipolar depression revisited: meta-analyses of neuroimaging studies. JAMA Psychiatry
2017;74(1):47-55. [PubMed: 27829086]

[9]. Tahmasian M, Eickhoff SB, Giehl K, Schwartz F, Herz DM, Drzezga A, et al. Resting-state

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

functional reorganization in Parkinson’s disease: an activation likelihood estimation meta-
analysis. Cortex 2017;92:119-38. [PubMed: 28467917]

Tahmasian M, Rosenzweig I, Eickhoff SB, Sepehry AA, Laird AR, Fox PT, et al. Structural and
functional neural adaptations in obstructive sleep apnea: an activation likelihood estimation meta-
analysis. Neurosci Biobehav Rev 2016 6;65:142-56. 10.1016/j.neubiorev.2016.03.026. [PubMed:
27039344]

Kaiser RH, Andrews-Hanna JR, Wager TD, Pizzagalli DA. Large-scale network dysfunction in
major depressive disorder: a meta-analysis of resting-state functional connectivity. JAMA
Psychiatry 2015;72(6):603-11. [PubMed: 25785575]

Benjamins JS, Migliorati F, Dekker K, Wassing R, Moens S, Blanken TF, et al. Insomnia
heterogeneity: characteristics to consider for data-driven multivariate subtyping. Sleep Med Rev
2017;36:71-81. [PubMed: 29066053]

Eickhoff SB, Nichols TE, Laird AR, Hoffstaedter F, Amunts K, Fox PT, et al. Behavior,
sensitivity, and power of activation likelihood estimation characterized by massive empirical
simulation. Neuroimage 2016;137:70-85. [PubMed: 27179606]

Langner R, Rottschy C, Laird AR, Fox PT, Eickhoff SB. Meta-analytic connectiveity modeling
revisited: controlling for activation base rates. Neuroimage 2014;99:559-70. [PubMed:
24945668]

Noordermeer SDS, Luman M, Oosterlaan J. A systematic review and meta-analysis of
neuroimaging in Oppositional Defiant Disorder (ODD) and Conduct Disorder (CD) taking
Attention-Deficit Hyperactivity Disorder (ADHD) into account. Neuropsychol Rev
2016;26(1):44-72. [PubMed: 26846227]

Raschle NM, Menks WM, Fehlbaum LV, Tshomba E, Stadler C. Structural and functional
alterations in right dorsomedial prefrontal and left insular cortex co-localize in adolescents with
aggressive behaviour: an ale meta-analysis. PLoS One 2015;10(9):e0136553. [PubMed:
26339798]

Radua J, Borgwardt S, Crescini A, Mataix-Cols D, Meyer-Lindenberg A, McGuire PK, et al.
Multimodal meta-analysis of structural and functional brain changes in first episode psychosis
and the effects of antipsychotic medication. Neurosci Biobehav Rev 2012;36(10):2325-33.
[PubMed: 22910680]

Zakzanis KK, Graham SJ, Campbell Z. A meta-analysis of structural and functional brain
imaging in dementia of the Alzheimer’s type: a neuroimaging profile. Neuropsychol Rev
2003;13(1):1-18. [PubMed: 12691498]

Dickstein SG, Bannon K, Castellanos FX, Milham MP. The neural correlates of attention deficit
hyperactivity disorder: an ALE meta-analysis. J Child Psychol Psychiatry 2006;47(10):1051-62.
[PubMed: 17073984]

Hamilton JP, Etkin A, Furman DJ, Lemus MG, Johnson RF, Gotlib IH. Functional neuroimaging
of major depressive disorder: a meta-analysis and new integration of base line activation and
neural response data. Am J Psychiatry 2012;169(7):693-703. [PubMed: 22535198]

Schurz M, Radua J, Aichhorn M, Richlan F, Perner J. Fractionating theory of mind: a meta-
analysis of functional brain imaging studies. Neurosci Biobehav Rev 2014;42:9-34. [PubMed:
24486722]

Kuhn S, Gallinat J. Resting-state brain activity in schizophrenia and major depression: a
quantitative meta-analysis. Schizophr Bull 2013;39(2):358-65. [PubMed: 22080493]

Badhwar A, Tam A, Dansereau C, Orban P, Hoffstaedter F, Bellec P. Resting-state network
dysfunction in Alzheimer’s disease: a systematic review and meta-analysis. Alzheimers Dement
(Amst). 2017;8:73-85. [PubMed: 28560308]

Xia W, Chen YC, Ma J. Resting-state brain anomalies in type 2 Diabetes: a meta-analysis. Front
Aging Neurosci 2017;9:14. [PubMed: 28197096]

Sleep Med Rev. Author manuscript; available in PMC 2021 April 19.



	References

