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Abstract
Although hoarding disorder (HD) has been historically conceptualized as a subtype or dimension
of obsessive-compulsive disorder (OCD), preliminary evidence suggests that these two disorders
have distinct neural underpinnings. The aim of the present study was to compare the
hemodynamic responses of HD patients, OCD patients, and healthy controls (HC) during response
inhibition on a high-conflict Go/NoGo task that has previously proved sensitive to OCD.
Participants comprised 24 HD patients, 24 OCD patients, and 24 HCs who completed a Go/NoGo
task during functional magnetic resonance imaging (fMRI). Although behavioral data showed no
difference among the groups in Go/NoGo task performance, significant differences in
hemodynamic activity were noted. During correct rejects (successful response inhibition), HD
patients showed greater right precentral gyrus activation, whereas OCD patients exhibited greater
right orbitofrontal activation, as assessed using a region of interest approach. During errors of
commission (response inhibition failures), OCD patients, but not HD patients, were characterized
by excessive activity in left and right orbitofrontal gyrus. The present results lend further support
to the biological distinction between HD and OCD, and they are consistent with previous research
suggesting frontal hypoactivity in HD patients during hoarding-unrelated tasks.
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1. Introduction
Hoarding disorder (HD), a new diagnosis in DSM-5 (American Psychiatric Association,
2013), is characterized by a pathological inability to discard objects, resulting in debilitating
clutter (Frost and Gross, 1993). Historically, hoarding has been conceptualized as a subtype
or dimension of obsessive-compulsive disorder (OCD). However, most individuals with HD
do not meet other symptom criteria for OCD (Frost et al., 2011), most individuals with OCD
do not report significant hoarding behaviors (Samuels et al., 2007), and hoarding
demonstrates weak correlations with classic OCD symptoms (Wu and Watson, 2005;
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Abramowitz et al., 2008). Furthermore, the prevalence of HD may actually be higher than
that of OCD (Samuels et al., 2008).

Preliminary evidence suggests that the neural underpinnings of HD and OCD may differ as
well. OCD is most robustly characterized by hyperactivity in the orbitofrontal-striatal loop
(Whiteside et al., 2004; Rotge et al., 2008), although a dorsolateral prefrontal-striatal loop
has also been implicated (Menzies et al., 2008; Rotge et al., 2008). Hyperactivity in these
loops may project to other structures such as the hippocampus, anterior cingulate cortex
(ACC), and basolateral amygdala (Rauch et al., 1994; Saxena et al., 1998; Adler et al., 2000;
Friedlander and Desrocher, 2006; Simon et al., 2010). Neuroimaging studies of HD using
positron emission tomography (PET) and functional magnetic resonance imaging (fMRI)
suggest a different neural dysfunction. At rest, OCD patients with prominent hoarding
symptoms show low baseline glucose metabolism in the ACC (Saxena et al., 2004); during
symptom provocation (imagined or real discarding of possessions), excessive hemodynamic
activity is seen in the ventromedial prefrontal cortex (VMPFC) in OCD patients with
hoarding symptoms (An et al., 2009). Finally, excessive orbitofrontal cortex (OFC) activity
is noted in primary HD patients (Tolin et al., 2009).

To date, there have been few direct comparisons between OCD patients and HD patients.
Most previous studies sampled OCD patients with and without hoarding symptoms (Saxena
et al., 2004; An et al., 2009), which might not be representative of the majority of HD
patients who do not have OCD. To our knowledge, only one neuroimaging study to date has
compared primary HD patients and OCD patients; compared with OCD patients and healthy
control participants, HD patients were characterized by a biphasic abnormality in the insula
and ACC during a hoarding-relevant decision-making task (Tolin et al., 2012b). Additional
comparison studies are needed to understand the neural similarities and differences between
HD and OCD. It is noted that the previous comparison study used a hoarding-specific task,
and OCD patients showed an overall lack of activation on that task. It would be helpful,
therefore, to compare the neural function of HD and OCD patients using a task that has been
shown to selectively activate neural regions of interest (ROIs) in OCD patients.

Neural mechanisms of executive functions are a promising area for comparison between HD
and OCD. Executive functions have been identified as the primary area of
neuropsychological deficit in OCD patients (Olley et al., 2007; Kashyap et al., 2013). These
executive deficits include impairments in behavioral response inhibition (Morein-Zamir et
al., 2010). Studies of executive function in HD patients have yielded mixed results (Grisham
et al., 2007; Grisham et al., 2010; Tolin et al., 2011), and it is not clear whether that disorder
is characterized by the presence of executive deficits, although a problem of motor
inhibition seems particularly unlikely. Of note, patterns of neural activity underlying
executive functions may differ between OCD patients and healthy controls. During a Go/
NoGo task, in which participants must alternatively execute or inhibit a prepotent, planned
response (e.g., button press) based on stimulus presentation, on correctly rejected NoGo
trials OCD patients (n = 11) showed excessive activation in several frontal and striatal brain
regions compared with healthy control subjects. These included rostral and caudal ACC,
lateral prefrontal cortex (LPFC), lateral orbitofrontal cortex (LOFC), caudate, and thalamus,
as well as portions of the posterior cingulate cortex (PCC) (Maltby et al., 2005).
Furthermore, OCD severity was positively correlated with activity in the PCC on these
correctly rejected NoGo trials. During errors of commission (button press following a NoGo
stimulus), OCD patients showed excessive activation in rostral ACC, LOFC, LPFC, and
PCC compared with healthy controls (Maltby et al., 2005). The authors of that study
concluded that because of the high conflict from prepotent response tendency created by the
task instructions, OCD patients might have selectively activated error-monitoring regions
even in the absence of actual errors, which could help explain the repetitive nature of
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compulsive behaviors. A higher conflict (lower ratio of NoGo to Go trials) study (Page et
al., 2009), in which response inhibition was contrasted with response execution (NoGo >
Go), also found excessive activity in unmedicated OCD patients (n = 10) vs. healthy
controls in the PCC, as well as in the right VMPFC and premotor cortex. However, contrary
to the results of Maltby et al. (2005), OCD patients showed attenuated activity in the
ventromedial OFC, ACC, caudate, and thalamus. The higher response conflict in that study
could have elicited “oddball” effects (Stevens et al., 2000). Furthermore, it is likely that the
NoGo > Go contrast more selectively examines mechanisms of response inhibition than of
error monitoring. It is also noted that 1 of the 10 OCD subjects in that trial had prominent
hoarding symptoms. In a substantially lower conflict task (equal ratio of Go to NoGo trials),
during NoGo > Go trials), OCD patients (n = 12) showed diminished activity (compared
with healthy controls) in right medial and inferior frontal gyri, precentral and postcentral
gyri, superior temporal gyrus, and fusiform gyrus. In addition, OCD severity correlated
inversely with NoGo > Go activity in right OFC and ACC, and positively with thalamic and
posterior cortical activations. OCD patients showed excessive activity in left insula, lingual
gyrus, and head of the caudate (Roth et al., 2007). Neither depressed mood nor medication
status appeared to mediate the group differences. As those authors note, due to the equal
ratio of NoGo to Go trials, errors were quite infrequent and therefore that study may have
shown effects more consistent with response inhibition than with error monitoring.

Thus, across studies, OCD patients exhibit abnormal neural activity during NoGo trials,
although methodological differences among the studies preclude many direct comparisons.
Results could be related to hyperactive error monitoring (Maltby et al., 2005), exaggerated
oddball effects (Page et al., 2009), or underactivation of response-inhibition mechanisms
(Roth et al., 2007). The aim of the present study is to compare, using a larger number of
participants than in previous trials, the hemodynamic responses of HD patients, OCD
patients, and healthy controls during NoGo trials, using a high-conflict Go/NoGo task that
has previously proved sensitive to OCD (Maltby et al., 2005). It was predicted that during
correct reject trials (successful response inhibition), OCD patients would show excessive
activity in ACC, LOFC, caudate, and thalamus compared with the other two groups. During
errors of commission (failed response inhibition), OCD patients were expected to show
excessive activity in ACC, LOFC, LPFC, and PCC compared with the other two groups. HD
participants were expected not to show the same pattern of hyper-activation abnormalities.
Rather, based on previous studies not involving hoarding-related decisions (Saxena et al.,
2004; Tolin et al., 2012b), it was expected that HD patients would show decreased activity,
compared with the other two groups, in ACC, PCC, and insula.

2. Methods
2.1. Participants

Participants comprised 24 patients with HD, 24 patients with OCD, and 24 healthy controls.
All provided written, informed consent in accordance with Hartford Hospital IRB
procedures. Patients with HD were recruited using advertisements for people with “clutter
problems” or “hoarding,” as well as from an existing patient group at a clinic specializing in
HD treatment. The patients with OCD were recruited using advertisements seeking people
with OCD, and the healthy controls were recruited using advertisements for a brain-imaging
study. All assessments were conducted by well-trained postdoctoral fellows or postgraduate
research assistants. Participants were classified as having HD if they met diagnostic criteria
(Frost and Hartl, 1996; American Psychiatric Association, 2013), hoarding was their
primary diagnosis as defined by Clinical Severity Ratings on the Anxiety Disorders
Interview Schedule for DSM-IV (Brown et al., 1994), the Clinician's Global Impression
(Guy, 1976) rating was “moderately ill” or above, and symptom duration was at least 1 year.
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One potential participant with comorbid HD and OCD was excluded from the study, given
that the primary study aim was to compare HD and OCD. Where there were questions about
the severity of hoarding, symptom severity was confirmed via home visit or analysis of
current photographs of living space. The patients with OCD met diagnostic criteria for a
primary diagnosis of (nonhoarding) OCD, had at least moderate symptom severity as
evidenced by a Clinician's Global Impression rating of moderately ill or above, and had a
symptom duration of 1 year or more. HD or OCD patients were excluded if they had a
history of psychotic disorder, neurological disorder, substance abuse, or serious suicidal
ideation. Healthy controls were excluded if they met criteria for a current or past Axis I or
Axis II disorder, had a history of neurological disorders, or were taking psychiatric
medications. Participants, regardless of diagnostic group, who were unsuitable for MRI
scanning (e.g., those with severe claustrophobia, pregnancy, or metal implants) were also
excluded.

2.2. Measures
Demographic information, including self-reported race and ethnicity, was collected via a
questionnaire. The HD diagnoses were made using the Hoarding Rating Scale-Interview
(Tolin et al., 2010b), a semistructured interview that assesses the severity of clutter,
acquisition, difficulty discarding, distress, and impairment, each on a 0- to 8-point scale.
Other psychiatric diagnoses were ascertained using the Anxiety Disorders Interview
Schedule for DSM-IV (Brown et al., 1994). Severity of HD was assessed using the Saving
Inventory-Revised (Frost et al., 2004), a 23-item questionnaire. Nonhoarding OCD severity
was assessed using the Obsessive Compulsive Inventory-Revised (OCI-R) (Foa et al., 2002),
an 18-item self-report measure. For the present purposes, given the intent to contrast OCD
and HD, a total OCI-R score was calculated with omission of the three hoarding items.
Depression severity was assessed using the Hamilton Rating Scale for Depression (HRSD)
(Hamilton, 1960), a 17-item semistructured interview. The Structured Interview Guide for
the HRSD (Williams, 1988) was used for administration. Global impressions of illness
severity were recorded using the Clinician's Global Impression (Guy, 1976) scale.

2.3. Apparatus
Images were acquired on a Siemens Allegra 3T head-only scanner. A single-shot echo-
planar gradient recalled pulse sequence (repetition time/echo time = 1500/28 ms; flip angle
= 65°; field of view = 24 cm; matrix = 64; in plane resolution = 3.4 mm; slice thickness
(gap) = 4(1) mm) was used to effectively cover the whole brain in 29 slices. Each run
consisted of 294 time points, including an initial six time points (9 s) of rest to allow for T1
effects to stabilize. These initial six time points were not included in subsequent analyses.
High-resolution T1- and T2-weighted images were also acquired on all participants to
ensure that all were free from obvious vascular injury that might otherwise influence both
neuropsychological test performance results and interpretation of functional imaging results.

2.4. Procedure
The Go/No-Go task was designed as a rapid, event-related fMRI task. Participants were
instructed to make a speeded button press with their right index finger to visual `X' (Go)
stimuli and withhold response to pseudo-randomly interspersed `K' (No-Go) stimuli. To
establish a prepotent response tendency, 85% of all stimuli were Go events. The task
consisted of frequent `X' (P = 0.85) and infrequent `K' (P = 0.15) stimuli presented at 3 × 5
visual degrees for 50 ms each. The minimum interstimulus interval was 1000 ms. Intervals
between `K' stimuli were in the range of 10–15 s. Speed was emphasized over accuracy
during a practice trial to ensure that participants would produce a sufficient number of
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commission errors for analysis. Hits and errors were defined as a response (button press)
occurring within 1000 ms of an `X' or `K' trial, respectively.

2.5. Image processing
Functional images were reconstructed offline. Each run was corrected for slice-timing errors
and separately realigned using INRIalign (Freire and Mangin, 2001; Freire et al., 2002) as
implemented in Statistical Parametric Mapping-8 (SPM-8). A mean functional image
volume was constructed for each participant for each run from the realigned image volumes
and used to determine the parameters for spatial normalization into standardized Montreal
Neurological Institute (MNI) space. These normalization parameters were then applied to
the corresponding functional image volumes, and the normalized images were smoothed
with a 9-mm full width at half-maximum (FWHM) Gaussian kernel. All participants' data
were individually inspected to ensure that no subject had translational or rotational head
motion greater than the acquired voxel size.

2.6. Data analysis
The conditions in the Go/No-Go experiment were represented using a canonical
hemodynamic response model in SPM-8. This model separately represented the
hemodynamic responses to hits (successful Go trials), correct rejects (successful No-Go
trials), and `false alarm' errors (unsuccessful No-Go trials). These three event classes were
determined on a per subject basis depending on whether responses were recorded within
1000 ms post-stimulus, such that the functional imaging data of each participant were
modeled individually in SPM-8 and included subject-specific regressors for these three
event classes (hits, correct rejects, and false alarms). The standard six motion-corrected
parameter estimates (x, y, z displacements and pitch, roll, and yaw rotations) were included
as covariates of no interest to statistically control for signal change related to head motion. A
high-pass filter (cutoff period = 128 s) was incorporated into the model to remove low-
frequency signals. Contrasts corresponding to the main effects of hits, correct rejects, and
errors of commission were specified for each participant. All contrast images written by
SPM-8 represented brain activity relative to an `implicit baseline' of unmodeled variance. To
assess overall between-group differences in brain activity during successful response
inhibition (correct rejects) and unsuccessful response inhibition (false alarms), separate
three-group one-way analyses of variance (ANOVAs) were conducted in SPM-8 for these
two experimental conditions. Initial whole brain analysis revealed no statistically significant
areas of activation after correction for searching across the whole brain when employing a
standard, stringent correction for whole brain analysis (e.g., family-wise error). As such, we
chose to adopt a region-of-interest analytic approach described below.

A single region-of-interest (ROI) analysis was conducted to assess between-group
differences in successful and unsuccessful response inhibition, respectively. Regions were
chosen based on reviews of three relevant bodies of literature: the Go/No-Go fMRI literature
(Kiehl et al., 2000; Liddle et al., 2001; Buchsbaum et al., 2005; Simmonds et al., 2008;
Stevens et al., 2009) as well as HD (Volle et al., 2002; Mataix-Cols et al., 2003; Mataix-
Cols et al., 2004; Saxena et al., 2004; Anderson et al., 2005; An et al., 2009; Tolin et al.,
2009; Tolin et al., 2012a; Tolin et al., 2012b) and OCD neuroimaging literatures (Rauch et
al., 1994; Adler et al., 2000; Fitzgerald et al., 2005; Maltby et al., 2005; Nakao et al., 2005;
Simon et al., 2010). While regions could have been selected solely based on the current
body of Go/No-go neuroimaging literature, the addition of the HD and OCD neuroimaging
literatures allowed us to curtail our ROI search area, as not all brain regions related to
response inhibition are necessarily of use or of interest in demonstrating that HD is distinct
from OCD. For the correct rejects contrast, regions were selected based on the intersection
of brain regions consistently reported in Go/No-Go fMRI studies (including two quantitative
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meta-analyses) with those brain regions consistently shown to have HD and OCD specificity
in a wide variety of predominantly symptom-provocation tasks. As most previous Go/No-
Go fMRI studies did not consider errors of commission, to compile a set of ROIs for the
false alarm contrast, regions were primarily selected from the HD and OCD literatures,
noting where these brain regions intersected with activation observed on our group's
previously published results with the same Go/No-Go task used in this study (Kiehl et al.,
2000; Liddle et al., 2001; Stevens et al., 2009). These two ROI selection processes netted six
ROIs for correct rejects (ACC, LOFC, ROFC, right precentral gyrus, LMFG, and precuneus)
and eight ROIs for false alarms (ACC, left superior/middle frontal gyrus, LOFC/insula,
medial OFC, precuneus, right insula, ROFC, and right superior/middle frontal gyrus). For all
14 ROIs, localization was determined by examining the convergence of the peak stereotactic
MNI coordinates reported in the above-cited studies (see Table 2 for a summary of these
stereotactic coordinates). For studies where the results were presented in Talairach
coordinates, an appropriate transform was applied to convert the results into MNI space
(Brett et al., 2002). Spherical ROIs, with a radius of 8 mm, were defined, centered at the
peak stereotactic coordinates, to assess hypothesized between-group effects for correct
rejects and errors of commission. Using in-house Matlab-based coding, a mean activation
value was extracted for each respective ROI from each participant's respective correct reject
or false alarm contrast. These mean values were used as input into a single multivariate
ANOVA in SPSS to assess the presence of between-group differences across all 14 ROIs.
Post hoc univariate tests for each ROI were used to determine which regions most
contributed to overall group differences, as well as to depict the nature of regional
differences in brain activation. There are practical and theoretical advantages of including all
14 ROIs in a single multivariate ANOVA over performing 14 separate univariate ANOVAs
and assessing significance using a Bonferroni-type correction. Practically, multivariate
analyses boost statistical power; where there is a significant omnibus (multivariate) F
statistic representing between-group differences, no further corrections for multiple
comparisons are required to assess statistical significance of those ROIs that drive the
overall multivariate effect. Theoretically, multivariate analyses impose the assumption that
any observed effects (i.e., between-group differences) are equally likely to occur in any
dependent measure (i.e., brain region). Statistical significance of the post hoc univariate tests
was determined using a Bonferroni-type correction. Given the obtained group differences in
sex and age (see below), these variables were included in the analysis as covariates. As this
study represents one of the first to directly compare neural activity in HD and OCD patients
in a non-symptom-provocation task, a second, exploratory multivariate ANOVA omitting
sex and age as covariates was also conducted to obtain a more complete picture of the
results. We note that the results from this exploratory analysis were not appreciably different
from the main study results presented in Table 2 and Figs. 1 and 2. The results from this
second, exploratory analysis are included as a supplemental table.

3. Results
3.1. Sample description

The HD and HC groups were well matched for age and gender (see Table 1), but the OCD
group was significantly younger than and contained more male participants than did the
other two groups. As expected, the HD group exhibited significantly greater hoarding
severity than did the other two groups, and the OCD group exhibited significantly greater
OCD severity than did the other two groups (although some minor but significant elevation
was seen in HD participants as well). HD and OCD participants exhibited higher levels of
depression than did the HC group and did not differ from each other in rates of comorbid
anxiety and depressive disorders.
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Rates of psychiatric medication use did not differ between the HD and OCD groups. When
specific classes of medications were examined, HD and OCD patients did not differ in use
of selective serotonin reuptake inhibitors/selective norepinephrine reuptake inhibitors
(37.5% vs. 45.8%, χ2 = 0.343, p = 0.558), other antidepressants (8.3% vs. 4.2%, χ2 = 0.356,
p = 0.551), benzodiazepines (8.3% vs. 16.7%, χ2 = 0.762, p = 0.383), antipsychotics (12.5%
vs. 8.3%, χ2 = 0.223, p = 0.637), anticonvulsant/mood stabilizers (4.2% vs. 12.5%, χ2 =
1.091, p = 0.296), or stimulant/amphetamines (12.5% vs. 4.2%, χ2 = 1.091, p = 0.296).

3.2. Behavioral data
Commission error rates did not differ significantly among HD (M = 27.91%, SD = 14.66),
OCD (M = 24.20%, SD = 15.27), or HC (M = 20.46%, SD = 11.63) participants, F2,71 =
1.71, p = 0.188. Similarly, response time (ms) for hits (correct button press) did not differ
significantly among HD (M = 422.99, SD = 35.81), OCD (M = 410.02, SD = 51.57), or HC
(M = 427.17, SD = 66.11) participants, F2,71 = 0.69, p = 0.504.

3.3. fMRI data
We noted a significant overall multivariate effect (F28,110 = 2.910, p < 0.001 ) for the
primary analysis comparing levels of hemodynamic activity among the three groups across
all 14 ROIs, correcting for the effects of age and sex. These results indicated the presence of
strong, between-group effects, which are summarized in Table 2 and described below for
each contrast of interest. We also noted that this overall multivariate effect remained for our
exploratory analysis which omitted corrections for sex and age (F28,114 = 3.238, p < 0.001).
These exploratory results are summarized in Supplemental Table 1.

3.3.1. Correct rejects—As shown in Table 2 and Fig. 1, during correct rejects (successful
response inhibition), significant between-group differences were observed for our primary
analysis in right OFC, right precentral gyrus, and left middle frontal gyrus (MFG; Brodmann
areas 9–10). Post hoc tests revealed that the HD group was characterized by greater activity
in right precentral gyrus compared with the OCD group and lower activity (greater
deactivation) in left MFG compared with the HC group. OCD participants did not
significantly differ from the HC participants in any region but were instead characterized by
increased activity in right OFC compared with HD participants.

3.3.2. Errors of commission—During errors of commission (failed response inhibition),
significant between-group differences were observed in left OFC/insula and right OFC
(Table 2, Fig. 2). Post hoc tests revealed that the HD group did not differ significantly from
HC participants in any ROI. The OCD group, conversely, was characterized by increased
activation in left OFC/insula compared with HC participants and greater activation in both
the left and right OFC compared with the HD group.

3.3.3. Correlations between hemodynamic activity and clinical measures—For
the HD sample, during correct rejects, HD severity on the SI-R was negatively correlated
(controlling for age and sex) with activity in the right precentral gyrus (r = −0.497, p =
0.019). Non-hoarding OCD severity on the OCI-R and did not correlate significantly with
activity in any ROI. Depression severity on the HDRS was negatively correlated with
activity in the right precentral gyrus (r = −0.489, p = 0.021) and right OFC (r = −0.573, p =
0.005). During errors of commission, HD severity was negatively correlated (controlling for
age and sex) with activity in the ACC (r = −0.488, p = 0.021) and right superior/middle
frontal gyrus (r = −0.483, p = 0.023). Non-hoarding OCD severity did not correlate
significantly with activity in any ROI. Depression severity was negatively correlated with
activity in the ACC (r = −0.485, p = 0.022).

Tolin et al. Page 7

Psychiatry Res. Author manuscript; available in PMC 2015 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4. Discussion
HD is now recognized as a unique diagnostic entity, although DSM-5 includes HD in the
category of “obsessive-compulsive and related” disorders (American Psychiatric
Association, 2013). To date, there have been few direct neuroimaging comparisons between
HD and OCD patients. Two studies found noteworthy differences between OCD patients
with and without primary hoarding symptoms (Saxena et al., 2004; An et al., 2009); a more
recent study also found significant differences in hemodynamic activity between primary
HD patients and primary OCD patients (Tolin et al., 2012b). The present results lend further
support to the assertion that HD and OCD are characterized by different neural mechanisms.
Unlike the previous comparison that used a hoarding-related symptom provocation (Tolin et
al., 2012b), the present study employed a Go/NoGo task that has been used in previous OCD
research (Maltby et al., 2005). The results from the present study are consistent with current
theories of HD and OCD, and they support our main study hypothesis that the HD and OCD
study groups would not exhibit the same patterns of neural activity during task performance.
During successful response inhibition, HD patients differed from OCD patients in showing
greater right precentral gyrus activation, whereas OCD patients exhibited greater right OFC
activation. During errors of commission (response-inhibition failures), OCD patients, but not
HD patients, were characterized by excessive activity in the left and right OFC. The latter
finding was similarly obtained in correlational analyses of the entire sample, in which OCD
severity (but not HD severity) was associated with greater OFC activity.

The findings of elevated OFC activity during correct rejects and errors of commission in
OCD patients is consistent with previous findings (Maltby et al., 2005). Decreased OFC
activity was reported among OCD patients in another Go/NoGo study (Page et al., 2009).
However, the contrast in that study (NoGo > Go) specifically targeted a differential
response, whereas the present study focused on absolute response to inhibitory instruction.
The OFC hyperactivity is broadly consistent with the orbitofrontal-striatal model of OCD
(Rauch et al., 1994; Saxena et al., 1998). The region of the lateral/posterior OFC showing
excessive activation among OCD patients in the present study is implicated in neural
representations of reward value/desirability (Knutson et al., 2003; Ernst et al., 2004;
Rothkirch et al., 2012), possibly indexing the degree to which attention is prioritized to
features in the environment or assignment of behavioral significance to the environment, as
well as engaged to maintain flexible representations of reward.

In contrast, HD patients were not characterized by the excessive OFC activation seen in
OCD patients. Rather, in keeping with other research showing attenuated neural activity
during hoarding-unrelated tasks (Tolin et al., 2012b), HD patients showed lower activity in
the left MFG during successful response inhibition. The left MFG has been shown to be
activated (during both correct rejects and errors of commission) by the Go/NoGo task used
in this study in healthy volunteers (Kiehl et al., 2000) and has been implicated in both
conflict/error monitoring (van Veen et al., 2001; Fan et al., 2003) and the processing of
emotions (Lane et al., 1997; Reiman et al., 1997; Teasdale et al., 1999). HD patients'
hypoactivity in this region comports with previous findings of diminished ACC activation in
OCD patients with hoarding symptoms (Saxena et al., 2004), and activity in ACC (Tolin et
al., 2012b), and MFG (Tolin et al., 2012a) among HD patients during hoarding-incongruent
tasks. The ACC and the MFG gyrus are frequently co-activated by tasks requiring cognitive
control (Carter et al., 1999; Peterson et al., 1999; Rubia and Smith, 2004; Carter and van
Veen, 2007), so the observed HD hypoactivation in the left MFG combined with these
previous studies' results regarding both the ACC and MFG suggests a pattern of frontal
under-responsiveness may characterize HD. This under-responsiveness may result in
attenuated response to salient stimuli and may contribute to the diminished motivation and
poor insight frequently observed in HD patients (Frost et al., 2010; Tolin et al., 2010a). The

Tolin et al. Page 8

Psychiatry Res. Author manuscript; available in PMC 2015 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



exaggerated right precentral gyrus activity exhibited by HD patients during successful
response inhibition was unexpected. The significance of this activity is not immediately
clear; although the precentral gyrus is implicated in Go/NoGo response inhibition (Garavan
et al., 2002; Buchsbaum et al., 2005), the motor functions typically ascribed to this region
have not played a prominent role in recent theories of HD. If replicated, hypotheses about
how this abnormality relates to already-conceptualized abnormalities should be generated.

Several study limitations should be noted. Potential participants with comorbid HD and
OCD were excluded from the study, and the HD sample was predominantly female and
white. We also likely did not include the least insightful HD sufferers, who would not be
expected to volunteer for a study. Although alpha levels were corrected for searching within
an ROI (i.e., the number of voxels) using small volume correction, the moderately large
number of ROIs searched underscores the need for replication. Finally, it should be noted
that rates of anxiety and depressive comorbidity were high, and most of the OCD and HD
patients were taking psychiatric medications at the time of the study. Additional research is
needed to parse the specific effects of HD and OCD symptoms from those of mood and
anxiety symptoms, and to examine differences in neural activity in medication-free subjects.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Estimated marginal mean (SE) fMRI signal change for healthy control (HC), hoarding
disorder (HD), and obsessive-compulsive disorder (OCD) participants during correct rejects,
controlling for age and sex. (*p < 0.05, Bonferroni-corrected post-hoc comparison)
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Fig. 2.
Estimated marginal mean (SE) fMRI signal change for healthy control (HC), hoarding
disorder (HD), and obsessive-compulsive disorder (OCD) participants during errors of
commission, controlling for age and sex. (*p < 0.05, Bonferroni-corrected post hoc
comparison; ** indicates significant ANOVA result in the absence of significant between-
group post hoc comparison)
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Table 1

Sample description

HD (N = 24) OCD (N = 24) HC (N = 24) F χ 2

Age 47.75 (9.91)a 33.54 (13.03)b 51.29 (9.88)a 17.38**

Female [N(%)] 16 (66.7%)a 6 (25.0%)b 20 (83.3%)a 17.83**

White [N(%)] 21 (87.5%) 22 (91.7%) 23 (95.8%) 1.09

SI-R 62.42 (14.58)a 10.21 (10.77)b 4.92 (5.35)b 203.68**

OCI-R minus hoarding 9.17 (7.25)a 18.79 (8.60)b 1.50 (1.35)c 42.15**

HRSD 6.17 (4.31)a 5.38 (5.60)a 1.17 (1.79)b 9.79**

Comorbid anxiety disorder [N(%)] 12 (50.0%) 8 (33.3%) -- 1.37

Comorbid depressive disorder [N(%)] 13 (54.2%) 8 (33.3%) -- 2.12

On psychiatric medications [N(%)] 15 (62.5%) 19 (86.4%) -- 3.39

Scores are shown as M (SD) unless noted otherwise.

Within each row, groups with different superscript letters are significantly different (p < 0.05). (SI-R = Saving Inventory - Revised; OCI-R =
Obsessive-Compulsive Inventory - Revised; HRSD = Hamilton Rating Scale for Depression; HC = healthy control; HD = hoarding disorder; OCD
= obsessive-compulsive disorder).

*
p < 0.05;

**
p < 0.01.
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