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The widespread use of MRI has led to a wealth of structural and
functional anatomical findings in patients with diverse psychiatric
disorders that may represent insights into pathobiology. How-
ever, recent technical reports indicate that data from popular
MRI research—particularly structural MRI, resting-state func-
tional MRI, and diffusion tensor imaging—are highly sensitive to
common artifacts (e.g., head motion and breathing effects) that
may dominate the results. Because these and other important
confounders of MRI data (e.g., smoking, body weight, metabolic
variations, medical comorbidities, psychoactive drugs, alcohol

“Stop da music...stop da music.”
—Jimmy Durante

Atthe turn of the 20th century, basic research about psychiatric
disorders was focused on the postmortem brain in a search for
anatomical differences associated with these conditions. Many
findings were reported, but none withstood the test of time and
more critical analyses of the subject. Now, as we charge into the
21st century with dramatic new technologies and discoveries
about psychiatric disorders, there has been a renaissance of
neuroanatomical investigations not based on the postmortem
brain but on the living brain made possible by the widespread
use of MRI. It is almost impossible to pick up a current psy-
chiatric journal and not see a study of anatomical measurements
made on MRI scans comparing patients with a psychiatric di-
agnosis with healthy subjects. And it is also almost impossible
for the study not to report differences in these measurements
between comparison groups. Indeed, patients with anxiety dis-
orders are said to have changes in amygdala volume, while patients
with depression have smaller hippocampi and thinner cingulate
cortices. Schizophrenia shows widespread reductions in cortical
measurements, which often are found to get worse over time.
While these reported differences have been the subject of
some controversy and debate (1-3), ithasbecome research lore
that structural changes in the brain are characteristic of many
psychiatric disorders and are likely clues to primary neuro-
biology (4). Even some variations in normal behavior (e.g.,
watching pornographic Internet videos [5]) are claimed to be
associated with structural changes in the brain. These various
findings are routinely referred to as “cortical thinning,”
“atrophy,” “tissue loss,” or worse, and they are assumed to be

See related feature: AJP Audio (online)

Am J Psychiatry 173:1, January 2016

use, mentalstate) tend to vary systematically between patientand
control groups, the evidence that findings are neurobiologically
meaningful is inconclusive and may represent artifacts or epi-
phenomena of uncertain value. The authors caution that un-
critically accepting from study to study findings that may
represent fallacies of all sorts carries the risk of misinforming
practitioners and patients about biological abnormalities un-
derlying psychiatric illness.
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insights into the underlying nature of these conditions. We
write to offer a note of caution about this renaissance in studies
of psychiatric patients based on MRI data because we believe the
evidence that these “findings” are reflections of changes in the
brain related to pathogenesis is inconclusive at best and po-
tentially represents artifacts or epiphenomena of dubious value.
Moreover, by perpetuating from study to study the uncritical
instantiation of findings potentially representing fallacies
of all sorts, there is a serious risk of misinforming our
colleagues and our patients about biological abnormalities
associated with psychiatric illness. Before offering our
comments (with full acknowledgment that we ourselves have
contributed in the past to the very literature that we are now
raising questions about), we first advise the reader about the
scope of this commentary:

1. One primary goal is to challenge the jargon and, ultimately,
the meaning associated with MRI-based differences
between patients and controls (e.g., “cortical loss,” “gray-
matter volume reductions,” “tissue loss,” “abnormal con-
nectivity,” “default mode deficit,” etc.). We do not question
the veracity of the large number of studies reporting these
findings.

2. We highlight a sizable list of diverse confounders of MRI
data, not as the “true” explanation for the findings but
rather as a counterbalance to the same jargon and as a ra-
tionale for questioning the meaning of the findings.

3. While we rely on technical reports to substantiate our
commentary, this is not a technical review. It is an opening
chapter in a critical perspective on the interpretation of
MRI results in psychiatric research.
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4. The overarching purpose of this cautionary note is to en-
courage a discussion about a widely and tacitly recognized,
though mostly ignored, “inconvenient” truth: that conven-
tional MRI does not allow us to make firm inferences about
the primary biology of mental disorders and that we need to
acknowledge this as a starting point in realizing the full value
of MRI studies in psychiatry.

In launching this debate, we first recapitulate the nature
of popular MRI measurements, then highlight documented
systematic confounders, and then offer a more cautious per-
spective for interpreting MRI results in psychiatry.

Structural MRI is not a Direct Measure of Brain
Structure

When evaluating claims of anatomical differences in com-
parison samples based on MRI measurements, it is important
to recall what MRI actually is. MRI is not a direct measure of
brain structure. MRI is a physical-chemical measure, based
on radio-frequency signals emitted from energized hydrogen
atoms influenced by the magnetic properties of the microen-
vironment of surrounding tissue. Contrasts between tissue
compartments (i.e., gray and white matter, vasculature, and
CSF), which are critical parameters in making anatomical
measurements, depend on the relative signals coming from
these components. The source of MRI contrast between soft
tissues is related to the density of protons (H") and their
magnetic properties (expressed by the so-called T; and T, re-
laxation constants). While proton density is relatively homo-
geneous for most tissues, T; and T, can vary dramatically from
one tissue to another (e.g., gray and white matter, and CSF), are
strongly influenced by viscosity and rigidity, and can be ma-
nipulated by varying one parameter or another used to collect
MR signals (through the so-called weightings of MRI pulse
sequence protocols [6]). Of note, from a biochemical perspec-
tive, the principal and direct contributors to the MR signal are
protons in free water, fat, and “bound” water. Conversely, the
“macromolecules” (i.e., membrane phospholipids, myelin’s
sphingolipids, proteins) do not directly and efficiently con-
tribute to the MR signal; rather, they modulate the signal from
water protons. In other words, MR signals are based on highly
rarefied parameters and metrics that are susceptible to many
physical-chemical phenomena not necessarily related to the
number or architecture of the cells in the tissue.

Consider, for instance, “gray matter volume,” the main read-
out of voxel-based morphometry analyses, a popular au-
tomated algorithm for making anatomical measurements. In the
original description of this method, Ashburner and Friston (7)
explain that volume is derived from a complicated segmentation
algorithm applied to the intensity (i.e., the “brightness”) of the
voxel-based morphometry unit (voxel) on the T;-weighted
images that allows for separation of gray matter from white
matter and CSF spaces. The dimension of the typical voxel
(i.e., the resolution) of the standard human structural MRI is in
excess of 1 mm®. At the microscopic level, a gray matter voxel of
this size is actually a heterogeneous tissue sample comprising
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neurons, neuropil, glia, microvessels, and extracellular space.
Any of these components is susceptible to alterations triggered
by a multitude of biophysical factors that may contribute to
achange in voxel intensity on MRI having nothing to do with the
structural integrity of the tissue.

Indeed, variation in MRI signals and anatomical measure-
ments have been reported for a vast array of nonstructural
factors, including common psychotropic drug use (8-10),
changes in body weight (11-13), blood lipid levels, alcohol use,
nicotine use, cannabis use, exercise, hydration, pain, and cor-
tisol levels (14-18), to name just a few. While it is unclear how
each of these factors specifically affects the MRI signal, it is
likely that they alter the biochemistry and thus the magnetic
properties of the tissue rather than the number or basic
structure of cells. Thus, before jumping to the conclusion that
MRI differences between a patient sample and a control sample
represent microstructural abnormalities of pathogenic signif-
icance, one needs to be mindful of other plausible possibilities.
For example, a simple change in brain perfusion associated with
acute drug administration has been shown to masquerade as
achange in MRI volume measurements (19). In this context, itis
worth remembering that a major component of the volume of
aliving brain is perfused vasculature. Drugs also can change the
magnetic properties that determine the T, relaxation time,
a critical measure in determining the signal contrast between
gray and white matter, on which gray matter morphometry is
based (9).

It might be argued that in studies of healthy individuals, these
nonstructural factors are “white noise” elements that do not
systematically vary from one individual to another and thus are
not likely to confound the measurements in a systematic way. In
other words, in comparisons of healthy subjects grouped by
a factor that does not vary systematically with any of the con-
founders above, these concerns may not be relevant. This may be
a relative strength, for example, of so-called imaging genetic
MRI studies (20), where demographically matched healthy
subjects are compared based on genetic variation. While the
confounders mentioned above may represent noise in the
sample and reduce the power of genetic association, they are
much less likely to vary systematically from one genotype to
another and spuriously account for an association. However, we
caution here, too, that even in such seemingly unconfounded
studies, occult confounding may still exist. For example, dif-
ferences in temperament (e.g., stress sensitivity) or in smoking
behavior, both of which may influence MRI signals, may differ
by genotype group and masquerade as apparent genetic asso-
ciations with MRI phenotypes.

Systematic Confounding in Case-Control Studies

Unfortunately, in studies of psychiatric patients, or even in
studies of subjects across age or other demographic charac-
teristics, these various confounding factors typically vary quite
systematically between samples and bias results based on their
effects. For example, patient samples often differ from controls
in smoking history, alcohol or cannabis use, exercise, body
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weight, lipid levels, ongoing stress (and therefore elevated
endogenous corticosteroid levels), and medication use. A
particularly troubling confounder that is also likely to vary
systematically across contrasting samples is head motion
during a scan. A recent report demonstrated that even subtle
motion, and even after removing obvious motion artifacts and
controlling for motion with the standard algorithms used in
state-of-the-art MRI studies, still leads to spurious findings of
cortical volume and thickness reductions (21). Moreover, the
reductions show a regional distribution favoring medial and
lateral cortical regions, quite typical of that described in many
reports of psychiatric patients. Is it so far-fetched to imagine
that some patients have a harder time remaining motionless
during the 10-20 minutes of the typical scan procedure
compared with control subjects, many of whom are paid
volunteers who often have considerable prior exposure to the
constrained and noisy MRI environment?

Although this would seem a legitimate question, a wealth
of findings are typically interpreted as “structural” changes
while the corrupting potential of various artifacts, including
occult movement, is trivialized or dismissed. For example,
a recent comprehensive review of MRI findings in people at
increased risk of psychosis (clinical and genetic) and of early-
onset schizophrenia listed more than 110 structural MRI
studies published between 1996 and 2013 (22). Although the
tabulated results suggest a substantial degree of inconsistency
and lack of replication across various studies with differences
virtually all over the brain, and although areas susceptible
to motion artifacts, partial volume, or drug effects are over-
represented in the findings (i.e., midline and lateral cortical
structures, insula, and medial temporal lobe), the interpretation
stressed an “accelerated fronto-temporal cortical [gray matter]
volume reduction across the spectrum of schizophrenia risk”
(22). While the authors acknowledge the variability and limited
replicability of the studies, they attribute this to “clinical het-
erogeneity” and “diversity of neuroimaging methods used for
acquisition and analysis of MRI data” (22). While these may be
important factors, we suggest that the systematic confounders
noted above cannot be dismissed as a less likely explanation.

Even reviews specifically addressing the confounders
associated with MRI findings in schizophrenia (e.g., anti-
psychotic medication, cannabis, and smoking) start from an
axiomatic assertion of “substantial evidence for excessive
tissue loss” in schizophrenia, grossly based on MRI data (23).
The tendency of MRI researchers to attribute pathobiological
meaning to their findings is understandable, and we ourselves
have yielded to this temptation.

Indeed, some of our own findings that seemed at the time
to provide potentially important insight about the funda-
mental neurobiology of schizophrenia appear to us prob-
lematic in the current context. For example, in a high-profile
study of discordant monozygotic twins, Suddath et al. (24)
reported that affected twins had smaller hippocampal vol-
ume than did their healthy unaffected co-twins. Of note, the
finding of hippocampal volume reduction became virtual
dogma in studies of patients with schizophrenia, although
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evidence of gross hippocampal pathology is not a consistent
finding in postmortem brain of patients with schizophrenia
and also is not typically found in healthy siblings of patients
with schizophrenia (25, 26). In view of our current un-
derstanding of factors influencing variability of hippocampal
volume measured with MRI, how can we now have confi-
dence that this putatively landmark finding was not areflection
of greater stress and endogenous corticosteroid levels, or of
limited physical activity, or differences in body weight, or of
a drug effect in the affected twin? To reiterate: we do not
dismiss the possibility of hippocampal structural abnormalities
in schizophrenia or other structural alterations for that matter,
and we recognize that many of the chemical and physiolog-
ical confounders mentioned above may induce neuroplastic
changes in neuronal microstructure and dendritic architecture
(e.g., corticosteroid elevations). However, these are structural
epiphenomena, not primary pathobiology and not specific
to psychiatric patients. We caution that the potential con-
founding does not allow for the defaultinterpretation to be that
such changes are primary neuropathological components of
schizophrenia or other psychiatric disorders per se. It is worth
noting that the putatively “substantial evidence for excessive
tissue loss” in schizophrenia observed with MRI should be
obvious on classical neuropathological examination, but more
than 100 years of postmortem studies since Alzheimer per-
formed the first neuropathological study of a schizophrenia
patient have failed to confirm it.

These considerations and concerns apply to other ana-
tomical techniques, such as diffusion tensor imaging (DTI),
which has been reported to reveal abnormal white matter
structure in most psychiatric patient studies. DTI is an even
more highly derived measure than MRI morphometry, and itis
subject to most of the same confounders. As stressed in recent
reviews (27, 28), caution in data interpretation is essential,
especially in clinical populations, because DTI is influenced by
many nonanatomical factors and involves complex processing
and analysis that most studies fail to address. Indeed, according
to recent technical reviews (27, 29), numerous defined pitfalls
characterize anumber of DTT studies. These pitfalls are related
to the particular difficulties in image acquisition and suscep-
tibility to artifacts caused by motion and magnetic field in-
homogeneities and a complex analytic space prone to produce
erroneous results. Again, we do not maintain that white matter
abnormalities are not associated with psychiatric disorders,
only that the potential systematic confounders of DTI studies
in psychiatric patients make this conclusion seem no more
likely than the alternative.

Systematic Confounding in Functional MRI Studies

Our concerns about structural anatomy do not spare the equally
frequent reports in our literature of functional anatomical
differences observed in contrasting ill and well samples using
functional MRI (fMRI) approaches. It is worth restating here
that fMRI, with its noninvasive potential for indirectly mea-
suring brain activity in association with task-induced mental
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processes, rapidly became the preferred technique for in vivo
functional brain studies, both with scientists and the lay public.
Consequently, during the more than 20 years since its public
unveiling in 1992 (30), fMRI has incited passionate discussion
and debate, especially regarding the promise of deciphering
the neural substrate of human normal and pathological be-
havior and the potential confounders of fMRI data and pitfalls
in statistical analysis (31, 32). We invite interested readers to
consult ample reviews about what fMRI can and cannot do,
and about controlling the potential confounders in acquiring
and analyzing the main readout of fMRI, the blood-oxygen-
level-dependent (BOLD) response (31, 33, 34). Dramatic im-
provements in fMRI design and analysis have occurred over
the years by implementing sophisticated tools for minimizing
and correcting artifacts and the development of routine
guidelines for reporting and interpreting fMRI results (35).
Our note of caution here applies to particular applications of
fMRI in studies comparing clinical populations with mental
disorders and control subjects.

Echoingthe concerns about structural MRI, we propose that
confounders biased toward patient samples, particularly mo-
tion and mental state, are a serious concern in fMRI reports as
well. We suggest caution in assuming that any fMRI approach
can conclusively remove these concerns, but in principle, so-
called activation paradigms, where subjects are their own
control and one cognitive state is compared with another, and
where rigorous correction methods for artifacts can be applied
across the alternating states, offer some implicit reassurance
and control. This conclusion is based on the assumption that the
confounders noted above should not selectively bias the BOLD
response during one phase of an activation protocol and not
another and that confounders should represent nonsystematic
noise controlled by the within-subject activation design. Even
s0, one cannot be certain that motion effects, or drug effects,
or anxiety, etc. would not disproportionately influence one
state and not another, particularly if one state is more anxiety
producing or more likely to induce motion than another. In
principle, fMRI data analysis routines are able to identify such
biased confounding and control for it or remove epochs in the
time series that are so affected, but these correction strategies
also may impose a cost (see below). In sum, artifacts inherent in
such confounding would seem less problematic in within-
subject activation designs than in comparisons across sub-
jects where there is no within-subject reference and where
correction procedures are thus inherently more difficult to
implement (see below).

Itis also important to note that while activation-based fMRI
studies are relatively protected from the confounding issues
noted above, the meaning of differences observed between
patients and controls is still not easily interpreted, and con-
siderable controversy exists about the relationship of the BOLD
signal to underlying neural activity. Our emphasis here is again
only about interpretation of differences between patient and
control groups and the potential role of systematic confounders.
Whileitis popular to interpret such differences between groups
as related to illness pathophysiology, they may instead reflect
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epiphenomena related primarily to the state of illness. For
example, drugs, alcohol, cannabis use, and ongoing symptoms
may influence cortical activation patterns just as they influence
performance on cognitive tests. Patients may perceive the
stimuli differently, have difficulty remaining “on task” for the
duration of the protocol, or be distracted by ongoing symptoms
or extraneous stimuli. One approach that has been advocated to
identify fMRI activation patterns of brain function associated
with risk for illness but not confounded by the state of illness is
to study healthy siblings of patients (36).

The Conundrum of Resting-State fMRI

The fMRI studies of functional anatomy that we do believe
raise especially serious concerns analogous to the structural
studies are those that do not employ a within-subject reference
state. These are the so-called resting-state fMRI studies. To the
extent that functional neuroimaging data reflect what the brain
is doing during the imaging protocol, the challenge for the
investigator is to figure out what the brain was actually doing.
With cognitive activation paradigms, there is at least a gross
readout of what the subject is doing during the scan; that is, the
performance on the task. With resting-state fMRI, this is a
much murkier problem because subjects lie in the confining
and noisy environment of the MRI scanner for typically up to
10 minutes doing nothing. This is said to be a resting or
unstimulated state, and the pattern of activity typically seen in
healthy subjects correlated across multiple brain regions is
called the “default mode network.” This pattern was originally
interpreted as a fundamental signature of brain connectivity
and was rapidly invested with major functional relevance (for
areview, see reference 37), even though cautions soon emerged
about the potential role of a multitude of cognitive, behavioral,
and physiological variables, as well as artifacts and conceptual
inconsistencies (38-41).

Part of the appeal of the resting-state fMRI paradigm is that
it is easy to do and easy to find differences between patient and
control samples. Again, there is almost no study in the literature
that has not shown differences between ill and healthy groups.
Patients with a variety of psychiatric diagnoses have been
observed to have deviations from the default pattern, and it is
often stated that they show a deficiency or abnormality of the
default network as if this is some sort of neural defect. In fact, it
is unimaginable that patients with schizophrenia or depression
or autism will experience the MRI environment analogously to
a paid healthy volunteer, and it is unlikely that they will each
experience it the same. The different ways in which they are
liable to think and feel about the noise and the confinement will
interfere with the so-called default pattern or with engagement
of other so-called network profiles, producing a degree of
“abnormality.” Indeed, an analogous “abnormality” has been
demonstrated in healthy subjects who are instructed to vary
what they attend to during the resting state (42). It is also
important to highlight a recent study by Smith et al. (43) using
high temporal resolution fMRI during the resting state that
found that individuals tend to experience the “resting” MRI
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environment quite individually, with varying degrees of vac-
illation between diverse and transient mental states and neural
systems, the summation of which is the reductionist “default
network” signal. The degree to which individuals vary in their
shifting experience determines their individual set of transient
“brain states” and ultimately their expression of many so-called
brain networks in addition to the derived default mode net-
work. How can we have confidence that differences found
between patient samples and control individuals do not simply
reflect the fact that the patients do not “zone out” as routinely as
the controls during the acquisition of data?

In addition to the likelihood that resting-state brain activity
variation reflects the subjective experience of being scanned by
MRI, we would highlight again the corrupting influence of
head movement and other motion artifacts (44) on resting-
state fMRI, as it is again a particularly worrisome confounder
that usual correction methods fail to control (40, 45). Of note,
the midline structures of the default mode network seem to
suffer considerably from spurious but systematic correlations
generated by even minor head motion, particularly nodding
motions. In a sober conclusion from the study of Power et al.
(45), the authors suggest that resting-state fMRI studies
in clinical populations need a major reanalysis and a re-
interpretation of results. A recent exhaustive account of the
state of the art in motion correction in resting-state fMRI
suggests that in spite of progress in identifying this potential
artifact, this issue is not resolved, and ongoing work to min-
imize the undesirable effect is still under construction (40).

We would prefer to conclude this section with some sug-
gestions for avoiding the potential pitfalls of resting-state MRI
studies comparing patient and control samples. Several recent
reports have offered guidelines to reduce artifacts and to
provide objective data about their contribution to a given study
(40, 44). However, none of these approaches removes the
problems we have enumerated. For example, one now widely
used method for motion correction in resting-state fMRI
studies involves censoring out the segments of an fMRI time
series in which movement has occurred (so-called scrubbing of
the data) often with interpolation to temporally “fill in” the
missing data points with synthetic data; however, the number
of such segments that must be removed and thus accounted for
islikely tobe larger in patient samples, and evenif an equivalent
number of segments are removed from the control group to
match the content of the data sets, differences in the temporal
clustering of these segments and ensuing differences in the
distribution of the temporal correlations across the data are
likely to be introduced (40, 45). A relatively new fMRI method,
multiecho acquisition, has been suggested as a way to reduce
movement artifacts (46, 47), but there has been little work on
the efficacy of this approach in clinical cohorts. Furthermore,
none of these approaches to resting-state fMRI artifacts ad-
dresses the issue of the personal experience during the scan.

It has become increasingly popular in recent years to try to
validate imaging findings by acquiring multimodal MRI and
independent biological data and applying multivariate analyti-
cal techniques, along with as good as possible quality-control
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measures (48, 49). We maintain, however, that pushing in-
terpretation of results toward the pathobiological pole is still
premature regardless of the high dimensionality of the data and
the sophistication of the statistics, because multivariate statistics
do not remove drug, smoking, or corticosteroid effects or ac-
count for mental state variation, and many of the confounders
are actually trans-modal. In other words, they can potentially
affect the same regions across imaging modalities or diverse
biological measures other than imaging. For example, the
anterior cingulate cortex and other midline structures could be
affected by movement in structural MRI, DTI, and resting-
state fMRI, and stress, drug use, or tobacco use can affect both
peripheral measures and MRI epiphenomena and account for
their correlation.

In searching for a way out of this conundrum, one might
suggest that if sample sizes become very large, the various
artifacts would cancel out, analogous to heterogeneity issues in
large population-based genetic studies. We doubt this would
work because as heterogeneous as the artifacts may be from one
individual to another (i.e., some subjects move, others are taking
drugs or consumed alcohol or cannabis the night before the
scan, others smoke, others are anxious or delusional, etc.), all
these diverse effects converge on the same MRI readout in the
form of reduced structural measures or altered resting-state
fMRI patterns in the patient sample.

A Cautious Perspective for Future MRI Research in
Psychiatry

While we cannot offer a formula for deconvoluting the concerns
we have enumerated from the existing results of MRI studies in
psychiatric patients, we propose instead a change of perspective
in future MRI research when patient and control samples are
directly compared. We recommend that researchers using
structural MRI techniques remain highly skeptical of the basis of
changes that are found in comparisons of patient and control
samples and refer to them as “differences in MRI measure-
ments,” not as “cortical thinning” or “loss.” Patient samples
should be carefully characterized for potential confounders,
especially those that tend to be systematically different from
controls and that influence MRI measures, such as smoking,
alcohol and cannabis use, body weight, blood lipid levels, cor-
ticosteroid levels, exercise routines, and general health. These
characteristics should be included in a description of the
samples. Head motion parameters, breathing patterns, and skin
conductance measures also should be recorded and included as
part of the data of a study. Resting-state fMRI studies of patient
samples should be interpreted with forthright acknowledgment
of the uncertainty of what the patterns of activity reflect, par-
ticularly with respect to an “abnormality.” If data are “scrubbed”
to remove artifacts, the degree to which the time series data are
altered should be described in detail. Given the preeminent role
of mental experience during the resting-state scan, interpreting
the patterns in patients as a “defect” is not justified.

We argue that fMRI studies of patient samples should
preferably be task-induced, where every subject is his or her
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own control and artifacts can be surveyed across the time
series of data and contrasted from one state to another. In
designing fMRI activation paradigms for psychiatric subjects,
it will be important to account for patients’ cognitive capa-
bilities and emotional characteristics, a caution formulated
some time ago (50) but seldom implemented. Even with careful
implementation of these caveats, fMRI studies during acti-
vation paradigms may uncover state effects (e.g., medication,
stress, symptoms) and not underlying illness pathophysiology.
We encourage investigators seeking to confirm that findings in
patient samples are not such epiphenomena to study carefully
screened and healthy siblings and, further, to engage in re-
peated studies of the same subjects to identify effects that
are atleast enduring and not coincidental. Indeed, a number
of “structural changes” related to the confounders that we
highlight are reversible (51-53). We also suggest that more
consideration be given to adding arterial spin tagging protocols
to imaging studies to elucidate the potential role of changes in
perfusion as a “cause” of apparent structural and functional
variation. Of note, methodological advancements in perfusion
techniques, which provide absolute quantification of re-
gional blood flow, are making these approaches more rel-
evant for clinical research in psychiatry (54, 55). Again, even
with the application of comprehensive, systematic, and
complementary multimodal MRI, it will not be easy to
disentangle cause from effect. This will require the devel-
opment of innovative approaches that challenge the brain
with controlled experimental interventions and that induce
or rescue the observed variations.

We have reached a crossroads in neuroimaging studies in
psychiatry research. To advance on the path of understanding
the pathobiology of mental disorders with these methods, we
advocate keeping these caveats prominently in mind in the
design of future studies, while researchers critically approach
the interpretation of results. We expect that continuing
technological advances based on a more “biological” un-
derstanding of the MRI signal will allow a fuller character-
ization of factors that link MRI signals to brain anatomy and
function (56). In the meantime, we opine that current studies
are plagued by so many possible systematic confounders that
one can only wonder whether, like Wolfgang Pauli, “these
results are not only not right, they are not even wrong!” We
would caution that researchers and clinicians pause and
rethink carefully the conclusions that can be drawn from
these various MRI findings in psychiatric research. We hope
that the few recommendations we have sketched above en-
courage a necessary discussion about the future of MRI
studies in psychiatry.
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