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Abstract

The Hoarding Rating Scale – Self Report (HRS-SR) is a 5-item assessment developed to ascertain 

the presence and severity of hoarding symptoms. This study aimed to evaluate the validity of an 

online adaptation of the HRS-SR in a remote, unsupervised internet sample of 23,214 members of 

the Brain Health Registry (BHR), an online research registry that evaluates and longitudinally 

monitors cognition, medical and psychiatric health status. Convergent validity was assessed among 

a sub-sample of 1,183 participants who completed additional, remote measures of self-reported 

hoarding behaviors. Structured clinical interviews conducted in-clinic and via video conferencing 

tools were conducted among 230 BHR participants; ROC curves were plotted to assess the 

diagnostic performance of the internet-based HRS-SR using best estimate hoarding disorder (HD) 

diagnoses as the gold standard. The area under the curve indicated near-perfect model accuracy, 

and was confirmed with 10-fold cross validation. Sensitivity and specificity for distinguishing 

clinically relevant hoarding were optimized using an HRS-SR total score cut-off of 5. Longitudinal 

analyses indicated stability of HRS-SR scores over time. Findings indicate that the internet-based 

HRS-SR is a useful and valid assessment of hoarding symptoms, though additional research using 

samples with more diverse hoarding behavior is needed to validate optimal cut-off values.
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1. Introduction

Hoarding disorder (HD) is a psychiatric condition characterized by a persistent difficulty 

discarding possessions that results in a debilitating accumulation of clutter and contributes to 

significant impairment in daily functioning (American Psychiatric Association, 2013; Ayers 

et al, 2013; Chakraborty et al, 2012; Matsunaga et al., 2010; Vorstenbosch et al., 2012; Rosa 

et al., 2012). In the general population, the prevalence of clinically significant hoarding 

behavior ranges from 2% to 4% (American Psychiatric Association, 2013; Mueller et al., 

2009; Samuels et al., 2008; Iervolino et al., 2009). Hoarding symptoms are often chronic and 

progressive, typically beginning in adolescence and increasing in severity and prevalence 

throughout life (Grisham et al., 2006; Cath et al., 2017). In particular, the prevalence of 

clinically significant hoarding appears to increase linearly by nearly 20% with every 5 years 

of age; among older adults, prevalence is over 6% (Cath et al., 2017).

Despite designation of hoarding disorder as a separate diagnosis in the fifth edition of the 

Diagnostic and Statistical Manual of Mental Disorders (DSM–5), factors contributing to 

etiology and functional consequences of this debilitating psychiatric illness are still limited, 

and under-diagnosis is common (Mataix- Cols & Fernández de la Cruz, 2018). Accurate 

diagnosis is heavily reliant on reliable assessment of hoarding behaviors and the resulting 

impairment in social and occupational functioning. Though traditionally diagnosed on the 

basis of semi-structured clinical interviews, researchers have established a number of well-

validated, self-report rating scales designed to evaluate the prominent features of hoarding 

disorder and related symptoms and provide provisional diagnoses of HD. These self-report 

assessments are particularly useful for identifying HD risk in non-clinical settings where 

stigma is prevalent and awareness of HD as a psychiatric illness may be limited (Chasson et 

al., 2018).

In recent years, there has been a rapid increase in the number of psychiatric studies using 

unsupervised, internet-based data collection methods. Remote, self-report psychiatric 

measures can be obtained for large numbers of participants much more efficiently and at 

significantly lower cost than traditional clinical interviews. Additionally, given the ease of 

repeat self-report assessment, these measures are particularly well suited for longitudinal 

evaluation of psychiatric symptoms. In the case of hoarding disorder, the validation of brief 

self-report measures of hoarding behavior for unsupervised use on the internet can assist in 

the identification of individuals with at-risk hoarding behaviors in population-based samples. 

One instrument that can be adapted for remote unsupervised assessment via the internet is 

the Hoarding Rating Scale, Self-Report (HRS-SR), a 5-item hoarding assessment developed 

to ascertain the presence and severity of hoarding symptoms such as difficulty discarding, 

clutter, excessive acquisition, and hoarding-related stress and impairment (Tolin et al., 

2010). For each HRS-SR question, scores range from 0 to 8 and are subsequently summed 

for a total score ranging from 0 to 40, with higher scores indicating more severe hoarding 
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symptomatology. The HRS-SR has been previously used in genetic, clinical, and 

epidemiological studies and has been proven reliable and valid for differentiating individuals 

with HD from those with OCD and community controls (Cath et al., 2017; Iervolino et al., 

2009; Monzani et al., 2014; Iervolino et al., 2011; Ivanov et al., 2013; Perroud et al., 2011; 

Frost et al., 2011; Frost & Hristova, 2011). While there is not a single gold standard cut off 

score, previous studies have identified potential cut off formulae used to designate HD: (1) 

HRS-SR total score greater than 14 (Tolin et al.,, 2010; Faraci et al., 2018; Rodriguez et al., 

2012; Turna et al., 2018); (2) HRS-SR total score greater than 17 (Mathews et al, 2014; 

Zilhão et al., 2016; Iervolino et al., 2009); (3) HRS-SR component scores greater than or 

equal to 4 (moderate) for each of the following symptoms: clutter, difficulty discarding, and 

either emotional distress or impairment (for a total score of >12), in line with the DSM-5 

criteria for HD (Tolin et al., 2008; 2010).

Although widely used as a traditional self-report assessment, there continues to be a dearth 

of literature on the performance of the HRS-SR in internet-based samples. Accordingly, the 

present study has three primary aims. The first is to validate our newly developed internet-

based and remotely-administered HRS-SR, using diagnosis of hoarding disorder based on 

semi-structured clinical interview as the gold standard by determining the optimal scoring 

method and cutoff score for identifying clinically relevant hoarding behaviors. The second 

aim of this study is to assess the longitudinal stability of internet-based HRS-SR scores. Our 

final aim is to assess the convergent validity of internet-based HRS-SR in comparison to 

other well-established, self-report measures of hoarding behavior. This study uses data 

collected from members of the Brain Health Registry (BHR), a national, online research 

registry that aims to identify, evaluate and longitudinally track cognition, medical and 

psychiatric health in adults ages 18 and older (Weiner et al., 2018).

2. Methods

2.1. Participants

The Brain Health Registry (BHR), led by researchers at the University of California, San 

Francisco, consists of approximately 70,000 online research participants (Brain Health 

Registry, 2012–2019; Weiner et al., 2018; Mackin et al., 2018). Using an ongoing 

recruitment model, approximately 500 new participants register for the study each month by 

providing their name and email address, creating a unique username and password, and 

providing informed consent. The sole exclusion criteria for registration is age less than 18 

years. Currently, the BHR has participants from all 50 states, with over-representation of 

participants on the coasts and particularly in California, where the BHR was begun and 

recruitment efforts have been the strongest (~30% of the current sample).

BHR participants are invited by email to semi-annually complete online cognitive tests and 

comprehensive self-report questionnaires related to medical history and symptomology, 

health behaviors, quality of life factors, cognitive function, and memory. In addition to the 

core questions, modules targeting specific areas of interest have been added over time. The 

Hoarding and Clutter module was added to the BHR in February 2017 to gather information 

about lifetime diagnoses of HD and obsessive-compulsive related disorders, and hoarding 

symptoms including an online version of the HRS-SR (Supplemental Table 1), which was 
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adapted from the Hoarding Rating Scale (HRS). As BHR participants are re-contacted every 

six months and asked to complete the questionnaires with respect to their current symptoms, 

many participants in the dataset have internet-based HRS-SR data from multiple time points. 

For all analyses using a single time point, participants’ most recent data from the Hoarding 

and Clutter module was collected.

Of 70,000 participants enrolled in the BHR as of December 2019, 23,214 individuals (75.5% 

female; mean age = 60.7 years, SD = 13.0 years) had completed the Hoarding and Clutter 

module at the time of this study. The majority of participants identified as white (88.3%) and 

a large number obtained a college (39.9%) or graduate (41.4%) degree.

2..2 Subsample 1: Additional Self-Report Hoarding Assessments

Of 23,214 participants included in this analysis, 1,183 individuals (80.6% female, mean age 

= 61.2 years) were contacted by the research team for additional assessments. These 

participants completed two additional self-report measures of hoarding behavior and 

severity, the Saving Inventory, Revised (SI-R; Frost et al., 2014) and the UCLA Hoarding 

Severity Scale (UHSS; Saxena et al., 2007) as a part of a larger study on the relationship 

between hoarding and functional disability. Both surveys were administered remotely in an 

unsupervised setting using an electronic survey distribution tool.

For this component of the study, BHR participants with HRS-SR scores of 14 or greater (at 

any BHR data collection time point), as well as those with self-reported hoarding disorder 

were recruited as cases (n=176). Those whose most recent HRS-SR score equaled 0 were 

identified as controls (n=854). A small number of individuals with most recent HRS-SR 

scores between 1 and 14 were also recruited for participation and were identified as 

intermediate participants (n=153).

The SI-R is a 23-item self-report questionnaire that measures problems with clutter, 

difficulty discarding, excessive acquisition, and hoarding-related impairment (Frost et al., 

2014). Each item is scored on a 5-point scale; the total possible score is 92. The SI-R is 

widely used in hoarding research, demonstrates good test–retest reliability, and has been 

shown to reliably discriminate between individuals with HD and both community and 

clinical controls (Kellman-McFarlane et al., 2019). A cutoff score between 40 and 42, 

depending on the study, is often used to identify individuals with clinically significant 

hoarding.

The UHSS is a 10-item, semi-structured interview that assesses the frequency of hoarding 

symptoms over a one-week period and evaluates predictors of functional impairment among 

those with HD (i.e. perfectionism, indecisiveness, and procrastination; Saxena et al., 2007; 

Saxena et al., 2015). Individual items are scored on a 5-point scale and are summed for a 

total score ranging from 0 to 40, with higher scores indicating a higher prevalence of 

hoarding symptoms. Although traditionally clinician-administered, the UHSS was self-

administered in this study as has been done in our previous studies (Chou et al., 2018; 

Archer et al., 2019).
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2.3. Subsample 2: Clinical Interview

Two hundred and thirty participants in subsample 1 underwent a semi-structured clinical 

diagnostic interview. Participants for this component of the study were randomly selected 

from three groups: (1) case (n=121, 52.6%), (2) control (n=108, 47.0%), and (3) 

intermediate (n=1, 0.4%) groups in subsample 1. Interviews were conducted in-person or via 

telephone and were approximately one to three hours in length. Clinicians trained in the 

assessment of hoarding disorder and other psychiatric conditions for research purposes 

conducted interviews using three well-validated psychiatric assessments: The Mini 

International Neuropsychiatric Interview (MINI), the Yale-Brown Obsessive-Compulsive 

Scale (Y-BOCS), and the Structured Interview for Hoarding Disorder (SIHD).

The MINI (English version 7.0.2) is a brief, structured diagnostic interview designed to 

evaluate 17 of the most common psychiatric health conditions included in the DSM-5 and 

the 10th revision of the International Classification of Diseases (ICD-10; Sheehan et al., 

1998). In this study, the MINI was administered to the participant by the clinician and the 

item-level data were subsequently used to identify major DSM-5 Axis I diagnoses.

The Y-BOCS is a well-validated measure of obsessive compulsive symptoms and 

impairment and severity caused by them. The Y-BOCS version used in this study consists of 

a symptom checklist of 69 common obsessions and compulsions and a 10-item scale that 

rates time occupied by obsession and compulsions, related impairment and distress, and 

perceived degree of control over thoughts and behaviors (Goodman et al., 1989). 

Administered using a semi-structured interview, symptoms are organized in 15 theme-based 

categories related to obsessions and compulsions that are scored as absent, currently present, 

and present in the past but not currently present. Individual severity/impairment items are 

scored on a scale of 0 (no symptoms) to 4 (extreme symptoms) and summed for a total score 

ranging from 0 to 40, with separate subtotals for obsessions and compulsions. The Y-BOCS 

was used in this study to determine lifetime and current diagnoses of obsessive compulsive 

disorder (OCD).

The SIHD is a semi-structured assessment of core HD diagnostic criteria (DSM-5) and 

corresponding HD specifiers (Nordsletten et al., 2013). Assessment subsections reflect each 

of the disorder’s six core features; the first question of each section is close-ended and 

subsequent items invite interviewees to elaborate. Using skip rules, the SIHD also aids 

clinicians in identifying other possible causes of hoarding (i.e. OCD, ASD). In this study, the 

SIHD was used to diagnose lifetime and current hoarding disorder and to assess the degree 

of insight the participant had into their symptoms.

2.4. Clinical Best Estimate Procedure

A best estimate (BE) procedure using information obtained from the clinical interviews 

(MINI, Y-BOCS, and SIHD) combined with self-report data from the SI-R and UHSS scales 

was used to assign clinical diagnoses that were used as the gold standard in this analysis. 

HRS-SR scores were not used to assign clinical diagnoses. Best estimators (seven clinicians 

with research expertise who did not conduct interviews and were blinded to the case/control 

status of the participant as well as their HRS-SR scores) reviewed clinical interview 
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documents and questionnaires as well as interviewer notes. Lifetime diagnoses were 

assigned for Hoarding Disorder as well as other psychiatric diagnoses (not part of the 

present analysis) using DSM-5 criteria.

For each lifetime diagnosis, best estimators gave a rating of “not present”, “probable”, or 

“definite”, and provided information related to age of onset and severity as appropriate. A 

“probable” diagnosis was coded if the interviewee did not meet full diagnostic criteria, but 

information gathered from questionnaires and interviewer notes suggested a diagnosis was 

likely to be present.

For all interviewees, one best estimate was initially conducted. If all psychiatric diagnoses 

(including HD) were determined to be “not present”, a second estimator was not assigned, 

and the interviewee was determined a control. If any diagnoses were rated as “probable” or 

“definite”, a second estimator was assigned. Upon completion of two best estimator ratings, 

discrepancies were discussed as appropriate to reach consensus. If consensus was not 

achieved, a third best estimator was assigned and a consensus was reached between the three 

clinicians.

2.5. Statistical Analysis

Analyses were conducted using SAS 9.4. Confidence intervals were calculated using a level 

of 95% confidence. Pearson’s correlation coefficient was used to evaluate convergent 

validity between the internet-based HRS-SR and the SI-R and UHSS in subsample 1. 

Pearson correlation coefficients were interpreted using recommended criteria: 0.0–0.3 

negligible; 0.31–0.5 low; 0.51–0.7 moderate; 0.71–0.9 high; 0.91–1.0 high positive 

(Mukaka, 2012). ROC curves were plotted to assess the diagnostic performance of the 

internet-based HRS-SR using the Saving Inventory – Revised (cut-off of 42) and the UCLA 

Hoarding Severity Scale (cut-off of 20) as the gold standard. In subsample 2, Cohen’s kappa 

was used to examine the agreement between a best estimate diagnosis of HD and whether an 

individual met criteria for HD based on a DSM-5 diagnostic proxy. Kappa values were 

interpreted using the following criteria: 0.0–0.2 none; 0.21–0.39 minimal; 0.40–059 weak; 

0.60–0.79 moderate; 0.80–0.90 strong; 0.91–1.0 almost perfect (McHugh, 2012). ROC 

curves were plotted to assess the diagnostic performance of the internet-based HRS-SR 

using best estimate consensus HD diagnoses as the gold standard. For all ROC curves, 

optimal HRS-SR cut-points were determined using Youden’s index (J), a measure that 

identifies the maximum potential effectiveness of an assessment (Roupp et al., 2008). Values 

range from 0 to 1, with higher values indicating better diagnostic accuracy. Ten-fold cross 

validation was used to evaluate model robustness. Data were randomly divided into ten equal 

subgroups to be used as testing samples. The remaining 90% of the data were used to train 

ten separate logistic regression models which used internet-based HRS-SR to predict in-

clinic best estimate consensus HD diagnoses.

Reliable change—Given that a single BHR time point was used to determine case status, 

and many participants completed the internet-based HRS-SR at multiple time points, we 

further examined the stability of HRS-SR scores over time. First, Pearson’s correlation 

coefficient was used to assess the relationship between HRS-SR total scores for each pair of 
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adjacent time points. The Reliable Change Index (RCI; Jacobson et al., 1984) was used to 

identify clinically meaningful change in HRS-SR scores between adjacent time points. To 

calculate RCI, the difference between each pair of adjacent time points was determined and 

the result was divided by the standard error of the difference in scores (i.e. 

RCI =
HRSpost − HRSpre

SEdiff
). When the RCI exceeded 1.96, it was determined that the 

difference in HRS-SR scores was greater than what would be expected by chance variation 

alone, and the temporal change in HRS-SR score (between adjacent time points) was 

considered clinically meaningful. Descriptive statistics were then used to determine the 

minimum change in HRS-SR score needed to denote a clinically meaningful change.

3. Results

In comparison to BHR participants who did not complete the Hoarding and Clutter module, 

a higher proportion of individuals included in this analysis were female (75.5% vs 71.0%, 

X2 (1, N =70233) = 156.7, p < .0001), white (88.3% vs 78.3%, X2 (1, N =66514) = 1006.7, 

p < .0001), college educated (71.8% vs 72.1%, X2 (1, N =68913) = 888.5, p < .0001), and of 

older age (M=60.7, SD=13.0 vs. M=55.2, SD=14.6; t(65352) = −47.3, p < 0.0001). A 

detailed comparison between the study sample and the total BHR population is outlined in 

Table 1.

Among 23,214 BHR participants who completed the Hoarding and Clutter elective module, 

HRS-SR scores ranged from 0 to 40, with a mean score of 3.86 (SD=5.90). For all questions, 

item scores ranged from 0 to 8, with mean scores between 0 and 1. For each item, more than 

60% of the sample indicated no symptoms (score of 0). Using pre-existing cut-point criteria 

used for classifying clinically relevant hoarding behaviors that represent likely diagnoses of 

hoarding disorder: 1,606 participants (6.9%) had an HRS-SR total score greater than 14; 

1,096 participants (4.7%) had an HRS-SR total score greater than 17; and 862 participants 

(3.7%) had HRS-SR component scores greater than or equal to 4 (moderate) for each of the 

following symptoms: clutter, difficulty discarding, and either emotional distress or 

impairment. Figure 1 shows the distribution of HRS-SR total scores in the entire BHR 

sample, and in subsamples 1 and 2.

3.1. Convergent Validity

Among 1,183 individuals included in subsample 1, mean HRS-SR scores for the control 

group were 0.14 (SD=0.35, n=854), scores for the intermediate group were 5.93 (SD=4.09, 

n=153), and scores for the case group were 21.47 (SD=5.23, n=176). Convergent validity 

between the internet-based HRS-SR and the SI-R (r=0.887, p<0.0001) and UHSS (r=0.880, 

p<0.0001) in subsample 1 (n=1,183) was high, indicating a strong relationship between 

measured constructs. Among those with a BE diagnosis of HD (i.e. subsample 2, n=115), 

convergent validity between the internet-based HRS-SR and the SI-R (r=0.661, p<0.0001) 

and UHSS (r=0.592, p=0.0009) was lower, although still significant. Among participants 

with a BE diagnosis of no HD (N=115), similar patterns emerged for the SI-R (r=0.660, 

p<0.0001), although convergent validity between the internet-based HRS-SR and UHSS was 

low and insignificant (r=0.369, p=0.1942). For individuals in subsample 2 (n=230), 
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convergent validity between the SI-R and UHSS was moderate for both those with (r=0.626 

p=0.0004) and without HD (r=0.562 p=0.0361).

ROC curves (not shown) were plotted to assess the diagnostic performance of the internet-

based HRS-SR using the self-reported and remotely-obtained Saving Inventory – Revised 

and UCLA Hoarding Severity Scale as the gold standard (n=230). Cutoff values of (≤)42 

and (≤)20 were used to classify clinically significant hoarding behavior using the SI-R and 

UHSS, respectively. The empirical ROC curve plotted sensitivity against (1-specificity) for 

different cutoff values of total HRS-SR scores. Both models (e.g., using the SI-R and the 

UHSS cutoffs) suggested that sensitivity and specificity (accurate identification of true 

positives and negatives, respectively) were optimized using an HRS-SR total score cut-off of 

(≤) 9 (SI-R sensitivity: 0.974, specificity: 0.933 Youden’s J: 0.907; UHSS sensitivity: 0.962, 

specificity: 0.923 Youden’s J: 0.884). AUC values indicate near perfect model accuracy (SI-

R AUC: 0.979; UHSS AUC: 0.974).

3.2 Validity of HRS-SR scores

Of 230 interviewees, 108 (47.0%) received a BE consensus of “definite”, 7 (3.0%) received 

a BE consensus of “probable”, and 115 (50.0%) received a BE consensus of “not present.” 

For the purposes of this analysis, ratings of “probable” and “definite” were reclassified as 

one category. Two (0.9%) controls received a best estimate diagnosis of hoarding disorder 

based on the clinical interview and SI-R and UHSS data; both individuals scored between 0 

and 2 on the web-based HRS-SR. Eight (6.6%) cases and one intermediate (100.0%) 

received a best estimate diagnosis of no HD. For hoarding diagnoses, inter-rater agreement 

was high (kappa=0.98, 95% CI= [0.96, 1.00]). Two participants required three best estimates 

– in both cases, consensus was achieved with agreement between the second and third best 

estimators. Those with a best estimate diagnosis of HD scored significantly higher on the 

HRS-SR (M=18.5, SD=7.2 vs. M=1.4, SD=3.9; t(228) = −22.2, p < 0.0001), SI-R (M=47.5, 

SD=12.9 vs. M=9.3, SD=8.9; t(227) = −26.1, p < 0.0001), and UHSS (M=21.1, SD=6.3 vs. 

M=4.1, SD=4.4; t(227) = −23.9, p < 0.0001) than those without. The distribution of scores 

for individual HRS-SR items among those with and without a BE HD diagnosis are depicted 

in Figure 2.

ROC curves were plotted to assess the diagnostic performance of the internet-based HRS-SR 

using in-clinic best estimate consensus HD diagnoses as the gold standard (Figure 3). The 

model suggested that sensitivity and specificity differentiating those with HD from those 

with no HD were optimized using an HRS-SR total score cut-off value of (≤) 5 

(sensitivity=0.97, specificity=0.93; Table 2). The area under the curve (AUC: 0.972) 

indicates near perfect model accuracy. In the ten-fold cross validation, all 10 models showed 

similar results and suggested that sensitivity and specificity were optimized using an HRS-

SR total score cut-off value of (≤) 5. Use of this cutoff in the testing samples yielded high 

predictive ability, with one relative model outlier that nevertheless correctly classified the 

majority of participants with a sensitivity of 90% and specificity of 85% at a cutoff of (≤) 5 

(data not shown).

Cohen’s kappa was used to examine the agreement between a best estimate lifetime 

diagnosis of HD and whether an individual met criteria for HD based on a summation of 
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HRS-SR scores for the three items that assess the core DSM-5 HD criteria: clutter, difficulty 

discarding, and impairment or distress (Table 3). As excessive acquisition is not a core 

DSM-5 criterion for HD, it was not included in this analysis. As the cut-points increased, 

Kappa values, sensitivity, and negative predictive value decreased, while specificity and 

positive predictive value (PPV) remained unchanged. Using these criteria, sensitivity, 

negative predictive value, and kappa values were optimized when HD was classified using a 

summation of HRS-SR component scores indicating mild or greater symptomatology (i.e. 

reporting clutter, difficulty discarding, and either emotional distress or impairment scores ≥ 

1 (total component score of ≥3). Specificity and positive predictive value were optimized 

using component scores of ≥3 (total component score of ≥9).

3.3 Reliability of HRS-SR Scores

Of 230 participants with clinical interviews, 197 (85.7%) completed the internet-based HRS-

SR at multiple time points. Figure 4 depicts the longitudinal trajectory of HRS-SR scores for 

each participant, stratified by the number of time points completed. For most participants, 

scores remained consistent across time points, irrespective of best estimate HD. Pearson’s 

correlation coefficient confirmed that HRS-SR scores were highly correlated between 

adjacent time points (Time 1 and 2: r=0.88; Time 2 and 3: r=0.91; Time 3 and 4: r=0.88; 

Time 4 and 5: r=0.90; Time 5 and 6: r=0.92).

A temporal mean of HRS-SR scores was computed for each individual. The majority of 

those without BE HD had an average HRS-SR score less than 5 (93.9%) and nearly all 

participants with HD (98.3%) had an average score greater than or equal to 5, indicating that 

a mean cut-off value of (≤) 5 reasonably differentiated those with and without HD.

Among those who completed the HRS-SR at multiple time points, ROC curves using means 

of all available HRS-SR scores (rather than most recent score) to predict best estimate 

consensus HD were plotted. The model suggested that sensitivity and specificity were 

optimized using an HRS-SR total score cut-off value of (≤) 6 (sensitivity=0.98, 

specificity=0.95; AUC: 0.973).

A total of 797 observations from the 197 participants with multiple time points were next 

used to evaluate meaningful change in HRS-SR scores over time (567 total time point pairs; 

i.e. time points 1 and 2, time points 2 and 3, etc.). The reliable change index suggested that a 

4-point increase or decrease in HRS-SR score between subsequent time points indicated 

meaningful change in hoarding symptoms. Meaningful change in HRS-SR scores was 

observed between 30.6% of subsequent time point pairs (n=168). However, only 5.5% 

(n=11) of participants had HRS-SR scores that crossed the cut-off score of 5 suggested by 

the ROC curve analysis. Even fewer participants (2.5%, n=5) had total scores that increased 

(or decreased) from (<) 5 to (≤) 10 (or vice versa) (that is, from unaffected to likely affected, 

based on the cutoffs identified from the ROC analysis in the clinical sample and in the larger 

subsample with additional hoarding data, respectively).
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4. Discussion

The findings of this analysis indicate that the internet-based HRS-SR is a valid and 

temporally stable diagnostic assessment of hoarding behavior and a useful instrument for 

evaluating the presence of clinically relevant hoarding symptoms (e.g., likely hoarding 

disorder) in comparison to diagnoses from clinicians and other self-report assessments. Our 

results indicate high concordance between lifetime HD diagnoses as determined by clinical 

interviews, other self-report measures of hoarding symptoms, and the internet-based HRS-

SR.

Our primary aim was to validate an internet-based and remotely-administered version of the 

HRS-SR by determining the optimal scoring method and cutoff score for identifying 

clinically relevant hoarding behavior. Our findings indicate that assessment of hoarding 

symptoms using the internet-based HRS-SR may be most accurate when HRS-SR total 

score, rather than component subscales, is used to quantify symptom presence and severity. 

In particular, the internet-based HRS-SR differentiated individuals with and without a 

lifetime diagnosis of HD with optimal sensitivity and specificity using a cut-off value of 5 

on the total score measure. We note that this cut-off value is much lower than what has been 

suggested in previous HRS-SR validation studies (Tolin et al., 2010; Tolin et al., 2018), and 

may be most useful for identifying individuals who do not have hoarding disorder, rather 

than identifying those who do. The low cutoff value in the clinical sample is likely due to the 

fact that only one participant who underwent clinical assessment had a total score in the 

mid-range of the Hoarding Rating Scale (between 1 and 14), creating a nearly bimodal 

distribution of HRS-SR scores and limiting our ability to determine with confidence the 

relationship between scores in the 1–14 range and lifetime hoarding diagnoses as clinically 

assessed. It is likely that the ROC analysis conducted in the clinical sample is thus not 

optimal for distinguishing individuals with lifetime HD from those with mild, subclinical 

hoarding behaviors in the intermediate range of scores. Until further work is done to 

determine the relationship between mid-range HRS-SR scores and clinical diagnoses of HD, 

we suggest using a cut-off value of (≤)5, as identified in this study, to distinguish individuals 

who are not likely to have HD (e.g., those that score ≤5 on the HRS-SR) rather than to 

identify likely HD.

The results of our other analyses, specifically the DSM-5 based scoring and the ROC curves 

using SI-R and UHSS cutoffs as the gold standard, are perhaps more useful for identifying 

HD, and point to a cutoff score of 10 (≤9). We suggest that this cutoff score is more 

appropriate than the lower cutoff for use in identifying individuals who have clinically 

significant hoarding symptoms, and are likely to meet clinical criteria for HD. However, 

given the limitations discussed above, we suggest that a conservative approach would be to 

use this cutoff to determine clinically significant hoarding or subclinical/probable HD, and 

to continue to use the previously validated cutoff of 14 to identify definite HD, until further 

work is done to evaluate the psychometric properties of the internet-based HRS-SR using a 

more robust range of initial scores. A cutoff of 14 has been previously recommended by 

Tolin and colleagues (2010) and has been used in a number of genetic and epidemiological 

studies to successfully differentiate individuals with HD from those with OCD and 

community controls (Cath et al., 2017; Iervolino et al., 2009; Monzani et al., 2014; Iervolino 
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et al., 2011; Ivanov et al., 2013; Perroud et al., 2011; Frost et al., 2011; Frost & Hristova, 

2011). Examination of the prevalence of likely HD in the BHR sample also supports this 

suggestion. Using this cut-off, the population prevalence of HD among 23,214 BHR 

participants was 6.9%. Given the older mean age of the sample, and the potential for 

selection bias which accompanies the elective nature of questionnaires in the BHR (i.e. the 

Hoarding and Clutter module may be of particular interest to BHR participants with 

hoarding behavior), we would expect the population prevalence of HD to be slightly greater 

than 6% (as observed in previous epidemiological investigation of hoarding symptoms 

among older adults; Cath et al., 2017). Accordingly, a cutoff value of (≤) 14 to distinguish 

clinically significant hoarding behavior seems appropriate, while a cutoff of 10 (≤9) gives a 

population prevalence for HD of 13.3% in this sample, which is higher than has been 

reported in previous samples, again suggesting that this cutoff, while useful for identifying 

problematic hoarding, may in fact be too lenient to identify true HD with certainty.

Our second aim was to assess the temporal stability of internet-based HRS-SR scores. Our 

findings indicate that the majority of participants have HRS-SR scores remain consistent 

between time points (~6 months), irrespective of best estimate HD diagnosis. Meaningful 

variation in HRS-SR scores was suggested to occur when participants experienced a 4-point 

increase or decrease in total score between adjacent time points. We found that participants’ 

HRS-SR scores changed by 4 points or more approximately 30% of the time, suggesting a 

meaningful and detectable change in hoarding symptom severity. However, the meaning of a 

4 point change in scores is quite different when starting from a low score (e.g., a change 

from 5 to 9 or 10), than when starting from a higher score (e.g., a change from 15 to 19 or 

20), particularly in light of the strong right skew of the scores in the total sample. In the 

former case, it could be argued that a change of 4 points indicates that the respondent may 

be at risk for developing symptoms of hoarding disorder, while in the latter, a change of 4 

points most likely indicates a relative worsening of symptoms in someone who is currently 

suffering from hoarding disorder. We note that scores crossed a threshold from unaffected to 

possibly affected (i.e., from <5 to >5) or from unaffected to likely affected (i.e., from <5 to 

>9) only a very small proportion of the time (5.5% and 2.5%, respectively). Though future 

studies are needed to assess the validity of reliable change indices and evaluate attributes 

associated with reliable deterioration or improvement in hoarding behavior, this index, when 

used in combination with the cutoff scores identified here, provides a baseline for progress 

monitoring in population-based samples.

Our final aim was to assess the convergent validity of the internet-based HRS-SR in 

comparison to well-established, self-report measures of hoarding behavior. Our findings 

suggested a strong relationship between the HRS-SR and SI-R, as well as the HRS-SR and 

the UHSS. Given the similarity between the three measures of hoarding behavior and the 

brevity of the HRS-SR, researchers may prefer to use the HRS-SR in remote assessment of 

HD, where time limitations or participant burden may be of increased concern.

4.1. Limitations

The present analysis is limited by use of a fairly homogenous sample predominated by 

white, educated females of older age. Internet-based data collection methods may preclude 
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individuals without reliable computer or internet access from participating in this study. 

Additionally, as a result of our participant selection process, a comparatively small number 

of participants who underwent additional clinical assessment had a total score in the mid-

range of the Hoarding Rating Scale (between 1 and 14); findings may not represent the 

diverse spectrum of individuals endorsing hoarding behavior and may not adequately 

distinguish individuals with lifetime HD from those with mild, subclinical hoarding 

behaviors when considering a more diverse ranges of scores.

Furthermore, clinical assessment procedures limited the ability to objectively assess 

hoarding symptoms through outside observation and consider alternative psychiatric or 

medical diagnoses. Thus, the internet-based HRS-SR is sensitive for identifying hoarding 

symptoms that are distressing or impairing, but cannot substitute for a clinical diagnosis to 

exclude other causes of hoarding behavior.

Lastly, we were unable to delineate the exact duration of time between completion of the 

HRS-SR, SI-R/UHSS, and clinical interviews. Though it is known that all clinical interviews 

were conducted within one year of completing the Hoarding and Clutter module, a small 

number of participants may have repeated the online assessment after the clinical interview 

was conducted. However, our findings indicate that HRS-SR scores are temporally stable 

and that recommended cut-off criteria are comparable when predicting HD using either a 

subject’s most recent or temporal mean score. Accordingly, it is unlikely that assessment 

chronology introduced bias.

4.2. Conclusions

These analyses suggest that the internet-based HRS-SR is a useful, temporally stable, and 

valid assessment of hoarding symptoms. In this sample, an HRS-SR total score of 5 or 

greater was both sensitive and specific for differentiating individuals who met clinical 

DSM-5 criteria for lifetime hoarding disorder from those who did not. As this cut-off value 

is much lower than what has been suggested in previous HRS-SR validation studies, and our 

additional analyses identified a cutoff score of ≥9, we suggest that HRS-SR scores of 5 or 

lower may be best thought of as an indication of exclusion of likely HD, whereas scores of 

10 or higher may indicate those with likely HD. However, until additional research is done 

to confirm the relationship between clinical diagnosis and HRS-SR scores in the mid-range 

(e.g., between 10–14), we recommend that if clinical interviews are not an option for 

assigning HD diagnoses, researchers follow more conservative guidelines, and use HRS-SR 

cutoff scores of 14 or higher to identify individuals with likely HD and scores of 10 or 

higher to identify individuals with subclinical symptoms or those who are at-risk for HD. We 

also note that work still remains to be done to determine the relationship between HRS-SR 

scores and other causes of hoarding behavior, including dementia, mild cognitive 

impairment, and other psychiatric illnesses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• The internet-based Hoarding Rating Scale is a valid measure of hoarding 

symptoms.

• Hoarding scores are relatively stable between adjacent time points.

• Scores of ≤5 indicate low-risk of clinical or subclinical hoarding
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Figure 1: 
Distribution of HRS-SR total scores among BHR participants, sub-sample 1, and sub-sample 

2
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Figure 2: 
Distribution of HRS-SR scores, by best estimate hoarding disorder diagnosis

Red histograms represent individuals with best estimate HD and blue histograms represent 

individuals without best estimate HD
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Figure 3: 
ROC curve for different cutoff values of total HRS-SR scores predicting BE HD

Nutley et al. Page 19

Psychiatry Res. Author manuscript; available in PMC 2021 April 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4: 
Longitudinal trajectory of HRS-SR scores, by number of time points completed and best 

estimate hoarding disorder diagnosis

Red lines represent individuals with best estimate HD and blue lines represent individuals 

without best estimate HD
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Table 1:

Characteristics of BHR Participants Completing the Hoarding and Clutter Module

Completed Hoarding and Clutter 
Module N=23,214 (%)

Did Not Complete Hoarding and Clutter 
Module N=47,493 (%)

p Effect Size

Gender
a <0.0001 0.05

 Male 5694 (24.5) 13642 (29.0)

 Female 17520 (75.5) 33377 (71.0)

Race
b <0.0001 −0.12

 White 20311 (88.3) 24043 (78.3)

 Other 2701 (11.7) 9454 (21.7)

Education
c <0.0001 0.11

 Less than College 4353 (18.8) 12765 (27.9)

 College 9258 (39.9) 18216 (39.9)

 Graduate/Professional 9603 (41.4) 14718 (32.2)

Age (mean, sd)
d 60.7 (13.0) 55.2 (14.6) <0.0001 0.40

Effect size was calculated using Cohen’s d, Cramer’s φ or Cramer’s V method of effect size, as appropriate.

a
Did Not Complete Hoarding and Clutter Module N=47,019

b
Completed Hoarding and Clutter Module N=23,012; Did Not Complete Hoarding and Clutter Module N=43,502

c
Did Not Complete Hoarding and Clutter Module N=45,699

d
Completed Hoarding and Clutter Module N=22,242; Did Not Complete Hoarding and Clutter Module N=43,112
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Table 2:

Sensitivity and specificity for different cutoff values of total HRS-SR scores

HRS-SR Cut-off Sensitivity Specificity Youden’s J

1 0.99 0.62 0.61

2 0.99 0.83 0.82

3 0.98 0.88 0.86

4 0.98 0.90 0.89

5 0.97 0.93 0.90

6 0.96 0.94 0.90

7 0.94 0.95 0.89

8 0.93 0.95 0.88

9 0.92 0.96 0.88

10 0.90 0.96 0.85

11 0.88 0.97 0.84

12 0.87 0.97 0.84

13 0.83 0.97 0.79

14 0.76 0.97 0.72

15 0.70 0.97 0.66

16 0.63 0.97 0.59

17 0.57 0.97 0.54

18 0.53 0.97 0.50

19 0.50 0.98 0.48

20 0.43 0.98 0.42
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Table 3:

Sensitivity and specificity for different cutoff values of HRS-SR DSM-5 proxy

Sensitivity Specificity PPV NPV Kappa

Clutter, difficulty discarding, and either emotional distress or impairment 
scores ≥1

89.6 95.7 95.4 90.2 0.90 (0.84, 0.96)

Clutter, difficulty discarding, and either emotional distress or impairment 
scores ≥2

77.4 98.3 97.8 81.3 0.78 (0.71, 0.86)

Clutter, difficulty discarding, and either emotional distress or impairment 
scores ≥3

48.7 99.1 98.25 65.9 0.49 (0.39, 0.59)

Clutter, difficulty discarding, and either emotional distress or impairment 
scores ≥4

38.3 99.1 97.8 61.6 0.39 (0.29, 0.48)

Clutter, difficulty discarding, and either emotional distress or impairment 
scores ≥5

15.7 99.1 94.7 54.0 0.16 (0.09, 0.23)
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