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Abstract

Introduction: Recognition of faces of family members, friends, and colleagues is an important
skill essential for everyday life. Individuals affected by prosopagnosia (face blindness) have
difficulty recognizing familiar individuals. The prevalence of prosopagnosia has been estimated
to be as high as 3%. Prosopagnosia can severely impact the quality of life of those affected, and it
has been suggested to co-occur with conditions such as depression and anxiety. Methods: To
determine real-world diagnostic frequency of prosopagnosia and the spectrum of its
comorbidities, we utilized a large database of more than 7.5 million de-identified electronic
health records (EHRs) from patients who received care at major academic health centers
and Federally Qualified Health Centers in New York City. We designed a computable pheno-
type to search the database for diagnosed cases of prosopagnosia, revealing a total of n= 902
cases. In addition, data from a randomly sampled matched control population (n= 100,973)
were drawn from the database for comparative analyses to study the condition’s comorbidity
landscape. Diagnostic frequency of prosopagnosia, epidemiological characteristics, and comor-
bidity landscape were assessed. Results: We observed prosopagnosia diagnoses at a rate of
0.012% (12 per 100,000 individuals). We discovered elevated frequency of prosopagnosia diag-
nosis for individuals who carried certain comorbid conditions, such as personality disorder,
depression, epilepsy, and anxiety. Moreover, prosopagnosia diagnoses increased with the num-
ber of comorbid conditions. Conclusions: Results from this study show a wide range of
comorbidities and suggest that prosopagnosia is vastly underdiagnosed. Findings imply impor-
tant clinical consequences for the diagnosis and management of prosopagnosia as well as its
comorbid conditions.

Introduction

Prosopagnosic individuals struggle to recognize familiar persons by their face. Face blindness
was first described by the neurologist Joachim Bodamer, who, in 1947, reported of three patients
experiencing face recognition difficulties after suffering from brain damage [1]. Over the years,
substantial progress has been made in understanding the neuronal networks and cognitive
functions that underlie face perception [2–6]. Today we know of two major forms of face
blindness: (1) acquired prosopagnosia occurring after brain damage [7–9] and (2)
developmental prosopagnosia (DP) a form of face recognition impairment that is present where
there has been no preceding comorbid or traumatic event [10]. In DP, the level of face
recognition impairment can vary and difficulties range from an inability to recognize familiar
faces when seen out of context, to the inability to recognize faces of family members [11–13].

While it has been estimated that DP may affect up to 3% of the general population [14–18],
an objective assessment of the overall rate of diagnoses among a large cohort of patients has not
been performed. Diagnosis of prosopagnosia can be difficult and there is no clinical gold stan-
dard available. Despite this fact, insights into the present diagnostic frequency provide crucial
information regarding the current level of care for prosopagnosic individuals.

Living with face blindness can have severe impact on the affected individual’s quality of life
and result in elevated levels of anxiety and depression [19,20]. Emotional consequences may be
socially debilitating, leading to social isolation, and can even result in decreased occupational
competitive ability [20]. These adverse consequences impair psychosocial health and interper-
sonal relationships of people living with prosopagnosia, pose considerable negative impact on
the affected individuals, their families, as well as the health care system and society as a whole.
Nevertheless, to the authors’ best knowledge, a systematic large-scale assessment of diagnostic
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frequency, demographic and epidemiologic characteristics, as well
as of the comorbidity landscape of prosopagnosia, has not been
completed to date.

To address these evidence gaps, we queried a large, electronic
health record (EHR)-containing database. We searched this
database for diagnosed cases of prosopagnosia with the overall
hypothesis that systematic investigation and comparative analyses
would reveal insight into diagnostic frequency and allow for
inferences on the epidemiology of prosopagnosia. We extracted
data from the Patient-Centered Outcomes Research Institute
(PCORI)-funded New York City Clinical Data Research
Network (NYC-CDRN) [21], which, at the time of study,
contained records from more than 7.5 million patients who had
received some or all of their care from 12 NYC academic health
centers and three Federally Qualified Health Centers networks.
EHRs contain comprehensive longitudinal patient-level data
including demographics, patient visits, clinical conditions and
diagnoses, laboratory results, medications, and clinical procedures.
Diagnoses were coded following version 9 and 10 of the
International Classification of Diseases coding system (ICD-9-
CM and ICD-10-CM). For the purpose of this study, we developed
a computable phenotype for prosopagnosia, utilizing this ICD cod-
ing system (see Table 1). Since October 2015, the updated version
of the ICD-9 coding system was implemented (ICD-10) and while,
at time of data query, ICD-10 had already been in effect, no cases
carrying the ICD10 main condition of interest (mCOI) could be
identified. Therefore, data reported in this study also exclusively
contain ICD-9 coded comorbid conditions of interest (cCOI).
While the ICD-10 system provides an individual diagnosis code
for prosopagnosia, in the ICD-9 system, the diagnosis code for
prosopagnosia may also be applied when simultanagnosia is
diagnosed. Simultanagnosia, along with optic ataxia and oculomo-
tor apraxia, define Bálint’s syndrome, a rare neurological condition
in which patients cannot perceivemore than one visually presented
object at a time. Therefore, it is possible that the present
case-cohort may contain some “misclassifications” of individuals
diagnosed with simultanagnosia and not prosopagnosia or
individuals suffering from both conditions. While Bálint’s syn-
drome has been defined as a rare disease (https://www.orpha.
net, ORPHA: 363746), prevalence rates of Balint’s syndrome were
not available at the time of this report. Moreover, prevalence rates
for simultanagnosia were not available. Nevertheless,
prevalence of simultanagnosia is expected to be low and cases of
individuals suffering from simultanagnosia and prosopagnosia
at the same time have been reported in the past [22]. Since the
ICD-9 coding system provides no isolated code for prosopagnosia,
possible inclusion of cases of simultanagnosia as well as, or instead
of, prosopagnosia had to be accepted as a limitation in this study.
Henceforth, it is inferred in this report that data extracted from
cases detected reflect data from prosopagnosic individuals.

Guided by previously established recommendations to define
prosopagnosia [23–25], we designed the computable phenotype
by creating a list of inclusion and exclusion codes. This strategy
allowed us to search for individuals carrying themCOI and exclude
individuals whose face recognition difficulties could be caused by
other conditions such as autism [23], other cognitive and mental
disorders, or conditions of eyes and adnexa. Utilizing the comput-
able phenotype, we searched for diagnosed prosopagnosia cases
and interrogated the database for frequencies and distributions
of several selected cCOI. We utilized the extracted data to study
diagnostic frequency, gain novel insight into epidemiologic and
demographic characteristics of the case-cohort, and to perform

Table 1. Prosopagnosia computable phenotype

Inclusion diagnoses ICD9-CM code

Main condition of interest (mCOI)

Psychophysical visual disturbances (includes
prosopagnosia)

368.16

Common coinciding conditions of interest (cCOI)

Localization-related (focal) (partial) epilepsy and
epileptic syndromes with complex partial seizures
(focal temporal epilepsy)

345.4

Malignant neoplasm of temporal lobe 191.2

Cerebral artery occlusion

Ischemic stroke 434.91

Embolic 434.11

Thrombotic 434.01

Dementia 290

Old age

Alzheimer’s disease

Vascular

Frontotemporal dementia other 331.1

Trauma

Post-concussion syndrome 310.2

Concussion with unconsciousness
< 30min

850.11

Concussion with unconsciousness
> 30min

850.22

Herpesviral encephalitis other 058.2

Herpetic meningoencephalitis 054.3

Major depressive disorder

Single episodes 296.20–296.26

Recurrent episodes 296.30–296.36

Anxiety disorder

Atypical 300.00

Generalized 300.02

Associated with physical disorder 293.84

Panic disorder 300.01

Neurasthenia 300.05

Adjustment disorder 309.0

309.24

309.28

309.29

Posttraumatic stress disorder 309.81

Procedures ICD9-CM PCS code

Hemispherectomy 01.52

Lobectomy of brain 01.53

Exclusion diagnoses ICD9-CM code

Disorders of the eye and adnexa 360–367
369–379

(Continued)
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comparative analyses by contrasting case data to data derived from a
randomly sampledmatched control-cohort to study the comorbidity
landscape of prosopagnosia. This study sheds new light on the diag-
nostic rate of prosopagnosia in the NYC area and provides novel
important insight into the frequency of its comorbid conditions.

Methods

De-identified data were extracted from a large NYC-based EHRs
longitudinal database, the PCORnet-funded NYC-CDRN [21].
At the time of data extraction, the database contained ICD coded
EHRs from 7,522,133 million de-duplicated individuals who
received medical care in the NYC area between 2007 and 2015.
The de-duplication process requires all sites contributing to the
CDRN database to code each patient with a unique identifier,
called a “proxyID.” For each quarterly data refresh, CDRN sites
submit a proxyID file to Healthix, a health information exchange,
which matches patients across sites. Matching algorithms involve
demographic variables, such as date of birth, gender, and race. The
final output is a proxyID map file used to merge and de-duplicate
patients. The de-duplicated database contains a unique patient
table with one record per patient across all sites. The personID
associated with one de-identified patient is used to link to clinical
data tables.

We mined the database to extract EHRs from individuals who
had received the mCOI, a diagnosis code to indicate psychophys-
ical visual disturbances, such as prosopagnosia. Prosopagnosia is
defined as the selective impairment of face recognition abilities,
while visual processing and intellectual functioning remain intact.
Therefore, individuals diagnosed with other disorders of the eye

and adnexa, developmental disorders, autistic disorder, childhood
disintegrative disorder, mental, behavioral, and neurodevelopmen-
tal disorders, cognitive deficits following cerebral infarction,
intellectual disabilities, alteration of consciousness or awareness,
coma or vegetative state, other symptoms and signs involving cog-
nitive functions and awareness, senile dementia, memory loss,
Alzheimer’s disease were counted but were excluded from further
analyses (Table 1). Exclusion codes were applied a priori to refine
selection of cases and limit analyses to the population of interest.
The group of individuals carrying the mCOI and not carrying any
of the exclusion codes formed the case-cohort. To systematically
mine the database for extractable information of interest on the
case-cohort, we created a computable phenotype. This computable
phenotype consisted of a list of ICD-9 codes, containing themCOI,
as well as selected diagnostic codes for common and known cCOIs.
Additionally, we extracted information on whether procedures,
such as hemispherectomy or lobectomy, had been performed.
The complete list of inclusion and exclusion codes used to create
the computable phenotype is provided in Table 1.

For comparative analyses, a randomly sampled control-cohort
was formed through matched selection of individuals who: (a) did
not carry the mCOI and (b) did not carry any exclusion code.With
a goal of a 1:100 match between cases and controls, data were
drawn from this randomly sampled control-cohort. Case and
control subjects were matched on age, gender, and hospital site.
The %match macro was used to perform the matching in SAS
[26] (version Enterprise Guide 7.1). Data derived from the
case-cohort were analyzed to explore frequency and distribution
of common cCOIs. Mixed effects logistic regression was performed
to estimate odds ratios (ORs) of cCOIs within the case-cohort in
contrast to the matched control-cohort.

Demographic and clinical variables were summarized using
frequency and percentage for categorical variables and mean ±
standard deviation for continuous variables. We calculated the
distribution of prevalence rates across hospital sites based on total
number of records per site. cCOIs were binary coded (Yes/No).
Mixed effects logistic regression analysis was performed with
prosopagnosia diagnosis (Yes/No) as the outcome variable. The
mixed model included age, gender, race, ethnicity, and all
comorbid diagnoses as fixed effects; hospital site was modeled as
a random effect to account for patient clustering within site using
Proc Glimmix in SAS Studio Version 3.7. ORs with 95% confidence
intervals and estimates of the intraclass correlation coefficient (ICC)
for the proportion of variance explained by site were reported.
Selected conditions, previously reported to be associated with
alterations of the face perception network, face recognition or
emotion recognition, were studied as conditions of interest.
The list of cCOIs included epilepsy and temporal lobe epilepsy
[27], malignant neoplasm of the temporal lobe, brain trauma [28],
herpes viral encephalitis [29], cerebral artery occlusion [30], fronto-
temporal dementia [31], bipolar depression [32], anxiety, panic
and adjustment disorder, as well as neurasthenia [20], and post-
traumatic stress disorder [33]. Dyslexia and alexia, dementia, as
well as personality disorders were included as additional condi-
tions of interest.

We computed ORs separately for cohorts below the age of
50 years and compared these results to the resulting ORs when
the entire cohort was used. As simultanagnosia most commonly
results from bilateral parietal cortical damage due to stroke [34]
or posterior cortical atrophy [35], an atypical form of Alzheimer’s
disease, patients under the age of 50 years are conceivably less
likely to present with simultanagnosia.

Table 1. (Continued )

Exclusion diagnoses ICD9-CM code

This group contains diagnoses for the following
conditions:
Pervasive developmental disorders, autistic disorder,
childhood disintegrative disorder, other specified
pervasive developmental disorders, unspecified
pervasive developmental disorder

299.*

This group contains diagnoses for the following
conditions:
Alteration of consciousness, coma, transient
alteration of awareness, persistent vegetative state,
other alteration of consciousness

780.0*

Mild intellectual disabilities 317

Other specified intellectual disabilities 318

Unspecified intellectual disabilities 319

Senile dementia 290.0

Memory loss 780.93

ICD10-CM code

Mental, behavioral and neurodevelopmental
disorders

F01-F99

Diseases of the eye and adnexa H00-H59

Cognitive deficits following cerebral infarction I69.31

Alzheimer’s disease G30

Other symptoms and signs involving cognitive
functions and awareness

R41

PCS, Procedure Classification System
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Post hoc data mining was performed to reveal the overall
prevalence rate of the exclusion-code-complex and to uncover
the number of individuals carrying the mCOI who were excluded
a priori. Minor inconsistencies in the overall number of individuals
contained within the database at different points in time (time
point one: time of case and control-cohort data mining versus time
point two: time of post hoc data mining for prevalence rate extrac-
tion of the exclusion-code-complex) can be explained through
ongoing de-duplication efforts.

To study additive effects of multiple cCOIs, we counted the
number of diagnoses for each individual who carried the prosopag-
nosia code. Counts were used to organize data in four groups; diag-
nosed with one, two, three, or four ormore cCOIs. Percentages and
ORs were calculated. The model included age, sex, race, and
ethnicity as covariates, and site was included as a random effect.

Lastly, we investigated percent frequencies of comorbid condi-
tions among patients who were diagnosed with multiple cCOIs. To
gain a better understanding of the newly revealed high concord-
ance rate of the triad of prosopagnosia, depression, and anxiety
diagnoses, we pooled data from individuals diagnosed with four
or more cCOIs. Given our list of captured cCOIs, we reasoned that
diagnoses of trauma and brain damage, such as cerebral artery
occlusion, concussion, head injury, intracranial injury, and trauma,
could be causally related to the diagnoses of depression and
anxiety. Therefore, we formed subgroups through which cases
with captured trauma and brain damage diagnoses could be
systematically excluded. Four subgroups of interest were formed:
(1) prosopagnosics with four or more cCOIs, (2) prosopagnosics
with four ormore cCOIs but without captured diagnosis of trauma,
(3) depressive patients with four or more cCOIs but without
captured diagnosis of prosopagnosia or trauma, (4) individuals
diagnosed with anxiety disorder and four or more cCOIs but
without captured diagnosis of prosopagnosia or trauma.

Results

In this study, a computable phenotype containing inclusion and
exclusion diagnoses codes was used to form the case-cohort.
Matched selection of a cohort of control subjects was performed,
revealing a total of n = 101,875 patients eligible. Among these indi-
viduals, we identified 902 cases - individuals who carried the
mCOI - indicating the presence of prosopagnosia or simultanagno-
sia. The matched control-cohort contained n= 100,973 patients.

Investigations revealed a diagnostic frequency of the mCOI
of 0.012% or 12 per 100,000 individuals. The matching algo-
rithm produced a cohort with a close distribution between
women and men (51% women), at a mean age of 48.1 years (see
Table 2). The distribution of prevalence rates across hospital sites
varied between 0.0058% and 0.048% (p-value< 0.0001) (0.0074%
at facility 1, 0.0058% at facility 2, 0.0134% at facility 3, 0.0198%
at facility 4, 0.048% at facility 5, 0.0135% at facility 6, 0.027% at
facility 7, and 0.0468% at facility 8).

Data were acquired across eight racial groups (White, American
Indian or Alaska Native, Asian, Black or African American,
Multiple Race, Native Hawaiian or Other Pacific Islander,
“Other,” or “Unknown,” where category “Other” was assigned
when none of the other seven categories could be applied,
“Unknown” was assigned when racial information was not
known). Because of sparse case counts in three racial categories
(American Indian or Alaska Native, 3 cases, Asian, 15 cases,
Multiple Race, 3 cases, Native Hawaiian or Other Pacific
Islander, 1 case) we collapsed cases from these three categories with

cases from the category “Other.” Mixed effects logistic regression
across four racial categories (Black or African American, White,
Other, Unknown) revealed decreased ORs for individuals catego-
rized as “Other” (OR= 0.68, 95% CI: 0.56, 0.83) or “Unknown,”
(OR= 0.73, 95% CI: 0.59, 0.90). Among three ethnic groups
(Hispanic, non-Hispanic, and “Unknown”), ORs were elevated
for Hispanic (OR= 1.67, 95% CI: 1.33, 2.09) (see Table 3).
These findings indicate that the mCOI was more likely to be
assigned to individuals of Hispanic ethnicity and less likely to be
assigned to individuals of unknown race as well as to individuals
with a racial background that was different from the defined
categories.

The mixed effects model, controlling for age, gender, race,
ethnicity, and all surrogate diagnoses, and after controlling for
multiple comparison using Bonferroni corrections, revealed that
individuals carrying the prosopagnosia diagnosis code were more
likely to also carry diagnoses codes for personality disorder
(OR= 5.68, 95% CI: 4.03, 8.02), depressive disorder (OR = 4.36,
95% CI: 3.63, 5.25), epilepsy and recurrent seizures (OR= 4.11,
95% CI: 3.20, 5.27), anxiety disorder (OR= 2.51, 95% CI: 2.07,
3.04), panic disorder (OR= 2.06, 95% CI: 1.34, 3.16), and major
depressive episode (OR= 1.73, 95% CI: 1.30, 2.32) (see Table 3).
The ICC for site was 0.0175 ± 0.0165 (standard error).

Computations of ORs for cohorts below the age of 50 years
revealed no additional diagnoses of significance. While OR for
the diagnoses of frontotemporal dementia and herpesviral encepha-
litis could not be assessed due to low counts, panic disorder
diagnoses do not remain significantly increased in a population
below the age of 50 years (See Supplementary Table 1).

Analyses of additive effects of cCOIs revealed that cases, when
compared to controls, showed increased odds of having multiple
comorbid conditions, approximately doubling for each added
condition (see Table 4). More precisely, we found that cases with
one additional cCOI were 6.25 times more likely, cases with two
cCOIs were 13.92 times more likely, cases with three cCOIs were
24.50 times more likely, and cases with four cCOIs were 39.02
times more likely to carry the mCOI. These findings either reflect
difficulties in assigning the diagnosis of prosopagnosia, resulting in
an accumulation of other nonspecific diagnoses, or reflect the
true and complex comorbidity landscape of the condition and
the challenges of managing multiple comorbid conditions.

In-depth analyses of the comorbidity landscape among individ-
uals diagnosed with four or more comorbid conditions provided
insight into the concurrent expression of a number of cCOIs
and revealed high concordance rates among prosopagnosia,
anxiety, and depression (see Table 5). Overall, n= 326 individuals
with four or more cCOIs were found in our dataset. The four sub-
groups contained (1) n= 44 prosopagnosics with four or more
cCOIs, (2) n= 33 prosopagnosics with four or more cCOIs but
without captured diagnosis of trauma, (3) n= 27 depressive
patients with four or more cCOIs but without captured diagnosis
of prosopagnosia or trauma, (4) n= 27 individuals diagnosed
with anxiety disorder and four or more cCOIs but without
captured diagnosis of prosopagnosia or trauma. Interestingly,
the 27 individuals who formed groups 3 and 4 were found to be
identical, meaning that the same individuals who had no diagnosis
of prosopagnosia or trauma were all diagnosed with depression
and anxiety.

A post hoc interrogation for the overall prevalence of individ-
uals carrying any diagnosis of the exclusion-code-complex
revealed a prevalence of 15.9% (1,124,064 individuals at a time
when the database contained 7,089,021 individuals total). At that
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Table 2. Demographics

Variable
Patient records queried
n= 7,522,133

Cases
(n= 902)
n (%)

Controls
(n= 100,973)

n (%) p-Value

Prevalence 902 (0.012%)

Age (mean þ/- SD) 48.1 þ/- 28.0 48.1 þ/- 28.3 0.96

Female gender 460 (51.0%) 50,600 (50.1%) 0.60

Site 1.0

Number 1 70 (7.8%) 7700 (7.6%)

Number 2 11 (1.2%) 1210 (1.2%)

Number 3 110 (12.2%) 12,971 (12.9%)

Number 4 148 (16.4%) 16,389 (16.2%)

Number 5 412 (45.7%) 46,083 (45.6%)

Number 6 3 (0.3%) 265 (0.3%)

Number 7 89 (9.9%) 9790 (9.7%)

Number 8 59 (6.5%) 6565 (6.5%)

Race <0.0001

Black or African American 182 (20.2%) 15,733 (15.6%)

Other 245 (27.2%) 29,855 (29.6%)

White 283 (31.4%) 26,432 (26.2%)

Unknown 192 (21.3%) 28,953 (28.7%)

Ethnicity <0.0001

Hispanic 114 (12.6%) 7636 (7.6%)

Non-Hispanic 504 (55.9%) 52,086 (51.6%)

Unknown 284 (31.5%) 41,251 (40.9%)

Comorbid diagnoses

Adjustment disorder 25 (2.8%) 552 (0.6%) <0.0001

Anxiety disorder 229 (25.4%) 4668 (4.6%) <0.0001

Cerebral artery occlusion 43 (4.8%) 1694 (1.7%) <0.0001

Concussion 5 (0.6%) 191 (0.2%) 0.03

Dementia 35 (3.9%) 1138 (1.1%) <0.0001

Depressive disorder 285 (31.6%) 4672 (4.6%) <0.0001

Dyslexia and alexia 0 (0%) 3 (0%) 1.0

Epilepsy and recurrent seizures 96 (10.6%) 1324 (1.3%) <0.0001

Frontotemporal dementia 1 (0.1%) 26 (0.03%) 0.21

Head injury 37 (4.1%) 1899 (1.9%) <0.0001

Herpes encephalitis 1 (0.1%) 13 (0.01%) 0.12

Intracranial injury 3 (0.3%) 63 (0.06%) 0.02

Major depressive episode 85 (9.4%) 982 (1.0%) <0.0001

Malignant neoplasm of temporal lobe 0 (0%) 26 (0.03%) 1.0

Panic disorder 35 (3.9%) 347 (0.3%) <0.0001

Persistent mental disorders 0 (0%) 2 (0%) 1.0

Personality disorder 64 (7.1%) 249 (0.3%) <0.0001

Post-traumatic stress disorder 29 (3.2%) 255 (0.3%) <0.0001

Developmental disorders of scholastic skills 15 (1.7%) 486 (0.5%) <0.0001

Trauma 5 (0.6%) 125 (0.1%) 0.006
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time the overall mCOI prevalence was 0.038% (38 individuals per
100,000, 2727 individuals total), while 0.025% (25 individuals per
100,000, 1776 individuals total) carried any of the exclusion codes.

Discussion

Integration of clinical data across health systems has created new
research databases [21,36] allowing accumulation of information.
In the past, large EHR databases have been utilized to screen

medical notes to study rare psychiatric conditions, such as
Capgras delusion [37], a condition where familiar individuals
are perceived as impostors [38]. The cited study revealed 187 cases
suffering from Capgras delusion among the 250,000 records
screened (74.8 cases per 100,000). In the current study, we were
able to digitally screen more than 7.5 million patients’ EHRs
through utilization of a computable phenotype. This strategy
allowed us to identify patients with the diagnosis of interest,
revealing novel epidemiologic and demographic characteristics
and through comparison to a matched control-cohort, permitted
investigation of the condition’s comorbidity landscape. Results
derived from this study provide proof of principle for the feasibility
of mining large clinical databases to identify sufficiently large case-
cohorts and to employ strategies to identify comparator populations.

Data mining revealed 902 cases with a similar rate of male and
female cases. This frequency is consistent with a prevalence rate of
0.012% prosopagnosia cases (12 per 100,000) detected among the
sampled 7.5 million patients who had been seen across NYC
academic health centers. The observed diagnostic rate reflects a
prevalence rate that is lower than previously reported and one that
is, unexpectedly, even lower than the prevalence rate of Capgras
syndrome. This finding may be a reflection of difficulties to
diagnose prosopagnosia as, for example, in comparison to
Capgras syndrome [39], symptoms of prosopagnosia may not be
as apparent, clear, and specific.

The detected case-cohort presumably contains acquired as well
as developmental cases of prosopagnosia. While the two forms of
prosopagnosia are easily distinguishable when patient history is
available, the current study design does not allow for distinction
between developmental and acquired cases. Although dates asso-
ciated with diagnosis may be recorded, time and age of onset are
not consistently captured. Further investigations of the temporal
association of prosopagnosia diagnosis assignment in relation to
the diagnosis of comorbid conditions would provide insight into
the sequence of diagnoses and shed light onto the proportion of
acquired versus developmental cases. Moreover, information on
diagnostic criteria or the specialty of the diagnosing clinicians were
not available but would provide valuable additional information to
allow for a more detailed study of the formation of the case-cohort.
Lastly, in this study, patients with a diagnosis of autism spectrum
disorder (ASD) were excluded a priori; however, future studies
should elucidate potential relationships between ASD, prosopag-
nosia, and related diagnoses.

Overall, the prevalence rate observed in this study is lower than
previously published estimates of up to 3% for DP alone [16,17,40].
While our result could be a reflection of the true prevalence, it
could alternatively be due to underdiagnosis and/or under-coding
of true cases in the NYC area. The first assumption, that the preva-
lence estimated in this study indeed reflects an unbiased and accu-
rate prevalence, implies that previously reported prevalence rates
are overestimates of the true prevalence. This explanation seems
not entirely implausible, since the majority of previous studies
based their assessment on self-report alone [16,17]. Since individ-
uals may underestimate their own ability to recognize faces
[41–43], it is plausible that studies based on self-report would lead
to overestimation. Nonetheless, even when diagnoses were based
on the most commonly used objective measure of face recognition
abilities [40], “The Cambridge Face Memory Test” (CFMT) [44],
prevalence rates were 2–2.9%. In those studies, however, CFMT
scores provided the only measure of face recognition abilities
and, therefore, no additional or confirming evidence was
available for cases identified. Hence, it is possible that a number

Table 3. Mixed effects logistic regression

Variable
De-duplicated patient
records queried
n= 7,522,133

Odds ratio
(95% CI) p-Value

Age 1.00 (0.995, 1.00) 0.0537

Gender 0.2044

Male 1 [Reference]

Female 0.92 (0.80, 1.05)

Race <0.0001*

White 1 [Reference]

Black or African American 1.13 (0.92, 1.38)

Other 0.68 (0.56, 0.83)

Unknown 0.73 (0.59, 0.90)

Ethnicity <0.0001*

Non-Hispanic 1 [Reference]

Hispanic 1.67 (1.33, 2.09)

Unknown 1.03 (0.86, 1.23)

Comorbid diagnoses

Adjustment disorder 1.34 (0.86, 2.10) 0.1928

Anxiety disorder 2.51 (2.07, 3.04) <0.0001*

Cerebral artery occlusion 1.44 (1.02, 2.04) 0.0396

Concussion 1.22 (0.44, 3.42) 0.7039

Dementia 1.56 (1.06, 2.29) 0.0238

Depressive disorder 4.36 (3.63, 5.25) <0.0001*

Developmental disorders
of scholastic skills

2.18 (1.26, 3.77) 0.0056

Epilepsy and recurrent seizures 4.11 (3.20, 5.27) <0.0001*

Frontotemporal dementia 2.14 (0.28, 16.62) 0.4667

Head injury 0.99 (0.68, 1.45) 0.9761

Herpes encephalitis 3.05 (0.39, 24.15) 0.2904

Intracranial injury 1.68 (0.45, 6.35) 0.4433

Major depressive episode 1.73 (1.30, 2.32) 0.0002*

Panic disorder 2.06 (1.34, 3.16) 0.0010*

Personality disorder 5.68 (4.03, 8.02) <0.0001*

Post-traumatic stress disorder 1.63 (1.00, 2.66) 0.0510

Trauma 1.82 (0.67, 4.94) 0.2398

*Significant at the Bonferroni-adjusted significance level of 0.0024 (0.05/21 variables)
Site is included in the model as a random effect with ICC = 0.0175 ± 0.0165 (se). Dyslexia and
Alexia, Malignant Neoplasm of Temporal Lobe, and Persistent Mental Disorders were not
included in the model due to sparse counts
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of low-performing individuals, who were categorized as being
affected by prosopagnosia in those studies, may in fact not be
symptomatic in everyday life, which would also result in an over-
estimation of the prevalence even though an objective measure was
used. On the other hand, if previous estimates of prosopagnosia
prevalence were accurate, our results imply that a substantial diag-
nostic gap exists between actual and diagnosed cases of prosopag-
nosia: less than one in a hundred prosopagnosics would actually be
diagnosed. In this scenario, we would further argue that underdiag-
nosis could potentially and in part be a result of the fact that, while

guidelines for definition and diagnosis of prosopagnosia have
recently been published [45], there is still no clinical gold standard
available. Moreover, clinical diagnoses may require prosopagnosic
individuals to be aware of their own difficulties, while self-aware-
ness and accurate assessment of one’s own face recognition abilities
have been reported to be limited [43,46]. Therefore, it is conceiv-
able that when diagnoses depend on patients’ self-awareness and
self-report, under-reporting and underdiagnoses may be the result.
Considering the evidence for either one of the two possibilities, we
conclude that results derived from our study strongly suggest that

Table 4. Additive effects

Number of comorbid conditions*

Cases
(n= 902)
n (%)

Controls
(n= 100,973)

n (%)
Adjusted

OR (95% CI) p-Value

One versus none 248 (39.6%) 9610 (9.9%) 6.25 (5.31, 7.37) < 0.0001*

Two versus none 152 (28.7%) 2688 (3.0%) 13.92 (11.44, 16.94) < 0.0001*

Three versus none 80 (17.5%) 828 (0.9%) 24.50 (18.96, 31.64) < 0.0001*

Four or more versus none 44 (10.4%) 282 (0.3%) 39.02 (27.83, 54.71) < 0.0001*

*Significant at the Bonferroni-adjusted significance level of 0.0063 (0.05/8 variables)
From mixed effects logistic regression with age, gender, race, and ethnicity as fixed effects, and site as a random effect with ICC= 0.0241 ± 0.0203 (se)

Table 5. Summary for patients with four or more comorbid conditions

Comorbid conditions

Frequency

All (n= 326) Proso (n= 44)
Proso w/o

trauma (n= 33)

Depression w/o
trauma or Proso

(n= 27)

Anxiety w/o
trauma or Proso

(n= 27)

Adjustment disorder 21.5% 6.8% 9.1% 25.9% 25.9%

Anxiety disorder 86.2% 88.6% 87.9% 100.0% 100.0%

Cerebral artery occlusion 25.2% 11.4% / / /

Concussion 5.8% 0.0% / / /

Dementia 21.5% 4.6% 3.0% 25.9% 25.9%

Depressive disorder 90.5% 95.5% 97.0% 100.0% 100.0%

Developmental disorders of scholastic skills 4.3% 2.3% 3.0% 0.0% 0.0%

Dyslexia and alexia 0.0% 0.0% 0.0% 0.0% 0.0%

Epilepsy and recurrent seizures 30.4% 36.4% 27.3% 33.3% 33.3%

Frontotemporal dementia 0.9% 0.0% 0.0% 0.0% 0.0%

Head injury 28.2% 9.1% / / /

Herpes encephalitis 0.0% 0.0% 0.0% 0.0% 0.0%

Intracranial injury 2.5% 0.0% / / /

Major depressive episode 53.4% 70.5% 75.8% 74.1% 74.1%

Malignant neoplasm of the temporal lobe 0.0% 0.0% 0.0% 0.0% 0.0%

Panic disorder 22.7% 43.2% 39.4% 44.4% 44.4%

Persistent mental disorders 0.0% 0.0% 0.0% 0.0% 0.0%

Personality disorder 23.9% 50.0% 54.6% 63.0% 63.0%

Post-traumatic stress disorder 21.5% 34.1% 36.4% 55.6% 55.6%

Trauma 5.2% 4.6% / / /

Proso standing for prosopagnosics, w/o = without
Cells marked by “/” marks conditions that were excluded for the analyses of cases w/o trauma diagnoses
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diagnosis of prosopagnosia is infrequent and that the condition
has been largely underdiagnosed over the years covered by our
records. Despite the known imprecision of diagnostic coding
and the likely widespread use of non-standardized clinical
evaluation procedures, we conducted this large-scale study to
examine the demographic and epidemiologic characteristics of
prosopagnosia and to investigate frequencies and distribution of
known comorbid conditions. To the best of the authors’ knowl-
edge, this report provides the first systematic quantitative evalu-
ation of a large multi-ethnic urban cohort of potential
prosopagnosia cases and allows novel insight into demographic
characteristics and comorbid conditions.

The finding of equal gender distribution of diagnoses provides
novel information and, most importantly, our comparative
analyses revealed elevated ORs for several psychiatric conditions.
Moreover, this study uncovered an elevated OR for receiving the
diagnosis of prosopagnosia in Hispanic individuals. To the
authors’ best knowledge, this is the first time that increased rates
of prosopagnosia diagnoses have been reported for a specific ethnic
group and further investigations will be needed to elucidate the
potential underpinnings of this finding. Analyses of additive effects
revealed that ORs increased with increasing number of comorbid
diagnoses. This may have important diagnostic implications, as
this finding either reflects difficulties in assignment of the correct
diagnoses or alternatively imply that prosopagnosia tends to
co-occur with certain comorbid conditions and, therefore,
increased awareness may be warranted when patients with certain
comorbidities are seen in the clinic. Moreover, assessment of
frequency of comorbid conditions showed, for the first time, high
concordance rates of prosopagnosia, depression, and anxiety with
largely overlapping comorbidity landscapes for the three condi-
tions. Interestingly, we revealed a 100% overlap of those individ-
uals diagnosed with four or more comorbidities including
depression and anxiety when excluding prosopagnosia and trauma
diagnoses. To gain a deeper understanding of the relationship
between prosopagnosia, depression, and anxiety, future studies
should investigate the temporal relationship between the emer-
gence of face recognition difficulties and these conditions.

Results reported in this study provide crucial insights into the
clinical, epidemiologic, and demographic characteristics of proso-
pagnosia and emphasize the need for enhanced awareness and
diagnostic standardization for the assessment of face recognition
abilities.
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