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Abstract

Data mining approaches have been increasingly applied to the electronic health record and have led to the discovery of
numerous clinical associations. Recent data mining studies have suggested a potential association between cat bites and
human depression. To explore this possible association in more detail we first used administrative diagnosis codes to
identify patients with either depression or bites, drawn from a population of 1.3 million patients. We then conducted a
manual chart review in the electronic health record of all patients with a code for a bite to accurately determine which were
from cats or dogs. Overall there were 750 patients with cat bites, 1,108 with dog bites, and approximately 117,000 patients
with depression. Depression was found in 41.3% of patients with cat bites and 28.7% of those with dog bites. Furthermore,
85.5% of those with both cat bites and depression were women, compared to 64.5% of those with dog bites and
depression. The probability of a woman being diagnosed with depression at some point in her life if she presented to our
health system with a cat bite was 47.0%, compared to 24.2% of men presenting with a similar bite. The high proportion of
depression in patients who had cat bites, especially among women, suggests that screening for depression could be
appropriate in patients who present to a clinical provider with a cat bite. Additionally, while no causative link is known to
explain this association, there is growing evidence to suggest that the relationship between cats and human mental illness,
such as depression, warrants further investigation.
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Introduction

The adoption of electronic health records (EHRs) and

consequent storage of large quantities of medical data in a

computable format has opened the possibility for new discoveries

using information that was captured for routine clinical care. Data

mining approaches that use powerful data analysis algorithms to

unlock hidden patterns in large datasets have been increasingly

applied to EHRs. [1] Using such techniques has opened the

possibility for uncovering relationships that may ultimately lead to

improved health [2,3].

Data mining the electronic health record has uncovered many

potential disease associations,[4–9] as well as associations between

other aspects of the clinical record including medications and

laboratory values. [10] Others have mined EHR data to predict

mortality, [11] to detect adverse drug events, [12,13] and to

identify disease-gene associations [14].

In 2009 we reported on an association analysis of clinical

concepts that leveraged a tool initially developed for identifying

novel gene expressions patterns. [5] That analysis revealed many

significant associations among 327,000 patients using free text

diagnoses in the problem list of an EHR. While many of the

associations were well-known, one intriguing and previously

unknown association discovered was between the terms ‘cat bite’

and ‘depression’. The analysis was complicated by the unstruc-

tured and unconstrained approach that clinicians used in entering

diagnoses.

A follow-up study from 2012 applied a similar analytic

approach to a de-identified dataset containing 41.2 million

international classification of disease, version 9 (ICD-9) codes

from 1.6 million patients. [6] While a specific ICD-9 code exists

for dog bites (ICD E906.0), there is no specific code for cat bites.

However, one code in particular (ICD E906.3) is most often used

to describe cat bites. We again found an association between

depression (ICD 311) and animal bites (ICD E906.3), with most of

the bites presumably from cats. This additional finding from a

much larger dataset suggested that the association between

depression and bites was not likely due to chance alone. However,

with only a generic code for a variety of animal bites, and no other

patient demographic information, little more could be discerned

from the data.
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Here we report on an extension of the findings from our recent

study of ICD-9 codes. [6] Our main objective was to better

describe the relationship between cat bites and depression. While

the focus of this analysis was on cat bites, we also included dog

bites for comparison. We conducted a retrospective chart review of

patient records to explore this previously unreported association.

We also discuss the potential implications from our findings. By

doing so we demonstrate that data mining approaches applied to

electronic health records are capable of uncovering novel

relationships that can be validated with further study leveraging

the data already captured in the EHR.

Methods

The University of Michigan Health System has had an EHR

since 1998, including free text clinical documents created by

clinicians through dictation and transcription or by directly typing

them into the system. [15] A separate health system data

warehouse (HSDW) database contains administrative data such

ICD-9 billing codes as well as coded patient demographics. From

our institution’s HSDW we identified all patients who were $18

years of age with one of twenty-six possible ICD-9 codes for

depression (Table 1). We also used the HSDW to identify all

patients $18 years of age with non-venomous animal bites or

injuries. Such bites are represented by the codes E906.X, where X

is any of eight categories (Table 2). Venomous animal bites,

including bites from certain snakes and lizards, with ICD codes

E905.X were not considered in this analysis. We then determined

which patients had both depression and a history of a bite. We also

characterized the population of patients in terms of age and

gender.

From this cohort of patients with both depression and an animal

bite or injury we then conducted a chart review, using a medical

record search engine, [16–19] of all patients who had any of the

E906.X billing codes to determine who had experienced a cat bite.

Patients whose documentation described only a cat scratch were

not considered to have had a bite. Variations of ‘‘bite’’ such as

‘‘bitten’’ and ‘‘bit’’ were used in the search. Dog bites were found

using the same approach.

For patients with a documented cat bite, we recorded the type

of relationship between the cat and the bite recipient (i.e, the

patient). These were grouped into four categories: (1) Bites from

the recipient’s own cat; (2) Bites from the cat of an acquaintance

such as a neighbor, friend, or other family member. Bites sustained

at a workplace such as a veterinarian’s office were also included in

this category; (3) Bites from a stray or feral cat; and (4) Bites where

the specific relationship was not mentioned.

Among those patients with either a cat or dog bite we also used

the search engine to look through their clinical notes for any social

history mentioning if the patient lived alone, suggesting the

possibility of social isolation. This was done because nearly 27% of

U.S. households (and 28% of Michigan households) are comprised

of adults living alone. [20] For this we used the terms ‘‘lives’’ or

‘‘living’’ combined with ‘‘alone’’, ‘‘by himself’’, ‘‘by herself’’, ‘‘on

his own’’, and ‘‘on her own’’.

All statistical tests were conducted using R for Mac OS X

version 2.13.2. Differences in proportions were calculated using

the ‘2-sample test for equality of proportions with continuity

correction. The University of Michigan Medical School’s institu-

tional review board approved this study, along with a waiver of

informed consent. It was determined that the study represented

‘‘no more than minimal risk’’.

Results

Out of a total base population of 1.3 million patients, we

identified 116,922 patients $18 years old with a diagnosis of

depression, and 3,018 unique patients who had an animal bite or

injury represented by the code E906.X. The most common ICD-9

code for depression was ICD 311, representing 91,258 patients,

followed by ICD 296.30 (15,557 patients) and ICD 296.20 (15,252

patients). Tables 1 and 2 report the number of patients per ICD

code.

Table 2 also describes a more detailed version of the ICD

E906.X patients identified through the chart review. The most

common injury code was ICD E906.0 (dog bite) for which there

were 1,087 patients, followed by ICD E906.3 (including cat bites

and other animals) for which there were 866 patients. Three

patients in the dog bite category were misclassified and only had a

cat bite, with an additional 23 having had both dog and cat bites.

Likewise, there were five patients in the ICD E906.3 category that

only had dog bites.

The most common types of bites in the ICD E906.3 category

were cats (n = 701, 80.9%), squirrels (n = 45, 5.2%), bats (n = 20,

2.3%) and raccoons (n = 17, 2.0%), although there were a wide

variety of animals mentioned in the clinical notes including moles,

monkeys, and mice as well as parrots, pigs, piranhas, and prairie

dogs. While ICD E906.3 is the traditionally accepted code for cat

bites, we identified an additional 49 patients who had experienced

a cat bite but were coded in a different ICD E906.X category.

Likewise, we identified an additional 27 patients with dog bites

that were not coded in the ICD E906.0 category.

Depression rates are shown in Table 3. Among the population

of adults with depression, nearly two-thirds were women, although

some of this difference may be attributable to more women

(54.8%) than men (45.2%) seeking care at the health system. The

highest depression rate was for patients who had both a dog bite

and a cat bite, with nearly half (47.8%) having depression, all of

them women. However, the number of patients with both bites in

that category was low (n = 23). Among all patients with a cat bite

(n = 750), 41.3% had a diagnosis of depression. This represents a

significantly higher rate of depression than the 8.8% rate observed

in the general population of adult patients (p,2.2610216).

The 41.3% depression rate among those with a cat bite is also

higher than those who received any kind of bite or injury other

than a cat (28.5%, p= 8.7610211), including dog bites (28.7%,

p= 2.261028). In fact, the proportion of men and women with

depression having dog bites closely mirrored the gender propor-

tion of depression in the general population, whereas this was not

the case with cat bites. Among the 310 patients who had a cat bite

and depression, 85.5% were women. This compares to 64.5%

women among those who had a dog bite and depression, which is

similar to the overall percentage of women in the depression

population (65.3%). To state this differently, based on over 10

years of data, if a woman presented to our health system with a cat

bite that was serious enough to be coded as such, there was a

47.0% chance that she will also be given a diagnosis of depression

at some point in her life. For men, about half as many (24.2%) had

depression. By contrast, the gender difference was still present but

smaller for dog bites: if a woman presented with a dog bite, there

was a 35.8% chance of having depression compared to 21.1% of

men.

Regarding living situation, 204 out of 750 (27.2%) patients with

cat bites were living alone compared 178 out of 1,108 (16.1%)

patients with dog bites (p = 8.061029). However, among those

living alone there was no significant difference in depression rates,

with 125/204 (61.3%) of cat bite patients and 104/178 (58.4%) of

Cat Bites and Human Depression
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dog bite patients living alone having a diagnosis of depression

(p = 0.64).

Age was not a major factor in our results, with very little

difference in ages among those with or without depression, or by

gender. Figure 1 shows a histogram displaying the ages of the

patients who experienced a cat bite, divided into those with and

without depression. More than half (58.5%) of the patients who

had a cat bite were under the age of 50. The most common decade

of life for patients to have experienced a cat bite were for patients

age 40–49 (n= 163), followed by 50–59 (n = 156), 30–39 (n= 139),

and 20–29 (n = 128). Notably, there were far fewer patients ages

60–69 (n = 76) with a cat bite, and even fewer bites among the

older patients.

Because some patients may have presented to the health system

initially with a bite and only later were diagnosed with depression,

we also looked at the temporal occurrence of bites with respect to

depression diagnoses, shown in Table 4. There was a slightly

significant difference in the proportion of patients being diagnosed

with depression first. Whereas about a quarter (27.1%) of patients

with cat bites and depression first had a cat bite followed by

depression, about a third (36.2%) of dog bite patients had a bite

that preceded the depression (p = 0.02).

The majority (58.8%) of bites in our study were inflicted by the

patients’ own cat, including 56.1% among those who had

depression (Table 5). Being bitten by a stray or feral cat was least

common (15.7% of all bites, and 15.2% of bites among those with

depression). However, among those with depression who had bites

from stray or feral cats, women far outranked men (93.6% vs

6.4%, respectively).

Discussion

Depression remains a significant public health concern, has

been linked to increased mortality, and is predicted to be one of

the three leading causes of illness worldwide by 2030. [21] In the

United States depression remains one of the top causes of

disability, especially among females. [22] The national prevalence

of 12-month and lifetime major depression, has been estimated to

be 8.1% and 18.6%, respectively. [23] Yet, depression treatment

can yield reasonable response rates if adequate follow-up occurs

[24–26].

Screening interventions to detect depression, although some-

what controversial, [27–30] are often advised. [28,31,32] A small

study from 1995 reported that primary care physicians may miss

Table 1. ICD-9 codes used to identify cases of depression.

ICD-9 Code ICD-9 Code Description
Number of unique patients
per code

293.83 Mood disorder in conditions classified elsewhere 1,623

296.2 Major depressive disorder, single episode 370

296.20 Major depressive affective disorder, single episode, unspecified 15,252

296.21 Major depressive affective disorder, single episode, mild 1,811

296.22 Major depressive affective disorder, single episode, moderate 2,957

296.23 Major depressive affective disorder, single episode, severe, without mention of psychotic behavior 2,351

296.24 Major depressive affective disorder, single episode, severe, with psychotic behavior 1,026

296.25 Major depressive affective disorder, single episode, in partial or unspecified remission 1,122

296.26 Major depressive affective disorder, single episode, in full remission 478

296.3 Major depressive disorder, recurrent episode 268

296.30 Major depressive affective disorder, recurrent episode, unspecified 15,557

296.31 Major depressive affective disorder, recurrent episode, mild 3,737

296.32 Major depressive affective disorder, recurrent episode, moderate 9,868

296.33 Major depressive affective disorder, recurrent episode, severe, without mention of psychotic behavior 6,320

296.34 Major depressive affective disorder, recurrent episode, severe, with psychotic behavior 1,670

296.35 Major depressive affective disorder, recurrent episode, in partial or unspecified remission 3,407

296.36 Major depressive affective disorder, recurrent episode, in full remission 1,966

296.9 Other and unspecified episodic mood disorder 8

296.90 Unspecified episodic mood disorder 9,117

296.99 Other specified episodic mood disorder 1,024

298.0 Depressive type psychosis 306

300.4 Dysthymic disorder 10,188

301.12 Chronic depressive personality disorder 17

309.0 Adjustment disorder with depressed mood 9,895

309.1 Prolonged depressive reaction 744

311 Depressive disorder, not elsewhere classified 91,258

Overall* 116,922

*‘Overall’ represents the unique set of patients for all codes combined, with duplicates across codes removed. Some patients had more than one type of ICD code for
their depression and thus were in more than one code category.
doi:10.1371/journal.pone.0070585.t001
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major depression in their patients up to 40% of the time. [33]

Current detection rates might be higher in settings such as the

Veterans Health Administration where yearly depression screen-

ing is now a requirement, [34] although routine depression

screening is not universally done elsewhere [35].

While universal depression screening might be ideal, such

screening will likely not occur in all medical settings, and targeted

screening may be preferable with limited time and resources. [36]

It may seem counterintuitive to consider screening for depression

in someone who presents to a clinician with an acute injury from a

household pet, but our findings suggest that it could be beneficial.

Table 6 represents a reformulated subset of data from Tables 3

and 5 and reports on the probability of having depression given a

patient’s gender and type of bite. These data demonstrate that

depression seems to be higher in all patients with bites compared

to the general population. Additionally, it suggest that cat bites,

especially in women, might serve as a warning sign for depression.

Depression has been identified in other populations using various

criteria for detection. For example, it has been suggested that

adolescents presenting to the emergency department with non-

specific somatic complaints such as chest pain or headaches could

have depression, [37] which should prompt further screening. [38]

Similarly, patients presenting to the emergency department or

cardiology clinic with chest pain may actually have a panic

disorder. [39,40] In our study population, the quarter of patients

with cat bites that preceded their depression and the third of

patients with dog bites that preceded their depression potentially

represent a population of patients for which screening at the time

of the bite might have detected the depression sooner. The

literature is already replete with reviews that alert physicians to

Figure 1. Stacked bar chart showing age versus total number of patients, for 750 patients with cat bites. Dark blue bars represent
patients with depression and light blue bars represent patients without depression. Ages are rounded to the nearest 5-year period.
doi:10.1371/journal.pone.0070585.g001

Table 4. Temporal relationships among the time of first diagnosis of depression and cat or dog bites.

Patients with Cat Bites and Depression (n =310) Patients with Dog Bites and Depression (n =318)

Depression
diagnosed first

Bite diagnosed
first

Diagnosed on
same day

Depression
diagnosed first

Bite diagnosed
first

Diagnosed on
same day

n (%) n (%) n (%) n (%) n (%) n (%)

Total patients 220 (71.0) 84 (27.1) 6 (1.9) 196 (61.6) 115 (36.2) 7 (2.2)

Gender F 190 (86.4) 70 (83.3) 5 (83.3) 138 (70.4) 63 (54.8) 5 (71.4)

M 30 (13.6) 14 (16.7) 1 (16.7) 58 (29.6) 52 (45.2) 2 (28.6)

doi:10.1371/journal.pone.0070585.t004
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consider infections when patients present with cat bites, [41–43] so

it may be reasonable that depression also be considered.

Our study is not the first to have reported on the high

prevalence of cat bites in women.[44–48] Several studies have

reported an approximately 2-to-1 ratio of women to men with

respect to cat bites, [49–52] a proportion not seen with dog bites.

In our study population the ratio of women to men with cat bites

was approximately 3-to-1. Another study reported that bites

(including cat bites, but excluding dog bites) were ranked sixth in

terms of frequent causes of unintentional injuries in adult women.

[53] An association between pet ownership (dogs and cats) and

depression has previously been reported among women but not

men [54].

The finding of a strong association between cat bites and

depression, while intriguing, still does not point to why such a

connection exists, and the relationship is likely complex. Here we

discuss potential factors that may play a role, but emphasize that

our study was not designed to elucidate the underlying mecha-

nisms for why the association exists. Furthermore, such an

association does not necessarily imply causation.

There is substantial evidence to suggest that pet ownership

results in multiple health benefits, both physical and mental [55–

69]. For example, pet ownership has been shown to reduce

elevated blood pressure caused by mental stress even better than

antihypertensive medications. [70] Pets can also provide substan-

tial social support. [63] A study in Switzerland reported that

among people living alone, cats could improve their mood. [71] As

such, it may be that depressed individuals, especially women, are

more likely to own cats for companionship. [72] Pet ownership has

also been shown to moderate the effect of depression on mortality

in patients who experienced a myocardial infarction [60].

But not all studies have reached similar conclusions, and the

role of pets and human health remains controversial with multiple

studies reporting inconclusive results [54,59,65,66,73–80]. For

example, one study found a substantial survival benefit after

myocardial infarction for dog owners but not cat owners. [74] It is

also important to note that many health studies that considered pet

ownership did not distinguish between cat and dog ownership.

A study in Canada reported that those living alone with a cat

were just as lonely and depressed as those living alone without a

cat, suggesting that the cat itself was not contributing significantly

to an improved sense of well-being. [81] In this group, having high

levels of social support decreased loneliness for dog owners but not

for cat owners. Additionally, among those with low levels of social

support, those who were more attached to their pets (both dogs

and cats) had more depression than those with less attachment, a

finding which has been corroborated elsewhere. [82] Another

study reported that adults in Australia ages 60–64 with pets (dogs

or cats) had more depression symptoms than non-pet owners [83]

and a large study of Finnish adults found a small but significant

increase in depression among those who owned a pet (12.6%)

versus no pet (11.3%). [54] In one case the stress of caring for pet

cats was a contributing factor in worsening a patient’s depression.

[68] Other studies have shown no benefit to pet ownership among

women in terms of reducing loneliness [72] or reducing emotional

distress [84].

Perhaps most intriguing is the possibility that Toxoplasma gondii, a

parasite commonly found in cats and known to infect humans,

could be causing long-term changes to the cat owners’ brains.

Recent studies have suggested that this parasite may actually

contribute to human psychiatric disorders such as schizophrenia

and obsessive compulsive disorder, as well as other brain

pathologies [85,86] and personality changes [87–90]. The

Toxoplasma parasite has been linked to prenatal depression, [91]

and a case report from 2004 discussed a patient with depression

who was not responsive to anti-depressant medications until the

parasite was eradicated. [92] Infections from the parasite have

been associated with self-inflicted violence [93,94] as well as

increased suicide rates in women. [95] It has also been suggested

that the inflammatory cytokines released during a T. gondii

infection in the brain may be the cause of depression in some

patients [96,97].

Table 5. Background of the biting cat, categorized by gender and depression of the human bite recipient.

Own Cat Acquaintance Cat Stray Cat Not Reported

n (%) n (%) n (%) n (%)

Total Patients (n = 750) 441 146 118 45

Gender F 329 (74.6) 112 (76.7) 93 (78.8) 30 (66.7)

M 112 (25.4) 34 (23.3) 25 (21.2) 15 (33.3)

With depression (n = 310) 174 (39.5) 69 (47.3) 47 (39.8) 20 (44.4)

Gender F 141 (81.0) 58 (84.1) 44 (93.6) 15 (75.0)

M 33 (19.0) 11 (15.9) 3 (6.4) 5 (25.0)

doi:10.1371/journal.pone.0070585.t005

Table 6. Percent probability of having depression given the following conditions.

All patients Dog Bite Cat Bite (all cats) Cat Bite (own cat)
Cat Bite (acquaintance
cat)

Cat Bite (stray
or feral cat)

Gender F 10.5 35.8 47.0 42.9 51.8 47.3

M 6.8 21.1 24.2 29.5 32.4 12.0

For example, the probability of depression given that a woman presents with a bite from her own cat is 42.9%.
doi:10.1371/journal.pone.0070585.t006
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The prevalence of T. gondii seroposivity in the United States has

been dropping, but has been estimated to be around 11%. [98] It

should be noted that cat bites, per se, are not thought to transmit

the parasite. Rather, the parasite is typically shed in the feces of

cats. Most transmission occurs orally through contact with

contaminated food or drink, or in utero from mother to fetus.

This is why pregnant women are advised not to change a cat’s

litter box [99].

Not all evidence points to T. gondii, or their cat hosts, as being

relevant to the depression relationship, however. The seropreva-

lence of T. gondii is generally higher in men than in women,

[98,100] and one study found that cat ownership was not a

significant risk factor for being seropositive for the parasite. [100]

Because of the nature of how the parasite is transmitted, it has

been suggested that exposure to cats may not even be a significant

risk for infection. [101] Indeed, some studies have not found a

strong link between cat exposure and having an infection from or

antibodies to T. gondii, [102,103] with one study reporting a

correlation only for those who had 3 or more kittens, but not for

those with fewer. [104] Furthermore, while cats are necessary for

the life cycle of the T. gondii parasaite, dogs have also been

implicated in its transmission to humans [105].

Another interesting aspect of our findings is how they were

discovered–that is, a non-directed, non-hypothesis driven data

mining algorithm uncovered this unusual association between cat

bites and depression. Further, we were able to corroborate the

initial findings with a retrospective chart review. All of this was

done using data that had been collected over the course of many

years, by many clinicians, none of whom would likely have

detected this pattern or relationship on their own. This secondary

use of pre-existing clinical data is one component of the proposed

‘Learning Health System’, in which electronic data from

institutions around the country, and potentially the world, could

be pooled with the goal of enhancing discovery and improving

patient outcomes. [106,107] Others have also made discoveries

through data mining approaches that were further confirmed with

analyses of EHR data [108,109].

There are challenges of finding these potentially novel

associations among the many hundreds of thousands that are

uncovered with large-scale data mining approaches, in part

because the most significant associations are already known. [6]

It is therefore necessary to search through the many less significant

associations to detect new findings. In unpublished data from our

original study of free text associations, the term ‘depression’

ranked 20 out of the 117 significant associations with ‘cat bite’,

whereas ‘cat bite’ ranked 1,898 out of 3,879 significant associations

with depression. [5] In the follow-up study of ICD-9 codes, ICD

311 (depression) ranked 26 out of 723 associations with ICD

E906.3 (animal bite), whereas ICD E906.3 ranked 1,296 out of

6,667 among association with ICD 311 [6].

Our study does have several limitations, some of which are likely

inherent in any large-scale analysis of EHR data. [110,111] Like

any retrospective study, we were limited by what was (or was not)

reported by the clinicians in their clinical notes, or by which

patients chose (or did not choose) to seek medical treatment. One

study reported that nearly 40% of people with cat bites did not

seek medical care. [46] It is also possible that our results could be

skewed if depressed patients are more likely to seek care for a bite;

depressed patients without a supportive social network may be

more likely to be seen by a doctor for issues such as bites. While we

attempted to determine who lived alone, we did not assess how

much social support each individual had.

Additionally, there are many confounding factors other than the

higher prevalence of depression in women that might influence the

context in which our findings should be interpreted, Such factors

might include (1) the age of the cat; (2) the number of cats or pets

in the household; (3) the living arrangements of the cat (e.g.,

indoor vs outdoor) (4) the length of time the cat and bite recipient

knew each other; (5) the events occurring at the time of the bite

(e.g., taking the cat to the veterinarian, breaking up a fight

between two cats, giving the cat a bath, accidentally stepping on

the cat); (6) the cat’s temperament and prior history of biting; (7)

the health status of the cat; and even (8) the profession of the

patient. Some of the bites were noted to happen with people

working in animal shelters, pet stores, or veterinarian offices.

Women are now entering veterinary medicine professions more

than men, [112,113] and women more than men veterinarians

often work in small animal practices (i.e., those that treat cats as

opposed to cows) [114].

The preponderance of cat bites in females may also be due to a

preponderance of women owning, or caring for, cats. One study

from the American Pet Association reported that 80% of cat

owners were women [115] whereas another from Gallup survey

from 2007 reported no gender differences in cat or dog ownership.

[116] According to 2006 data from the American Veterinary

Medical Society (AVMS), women are more often the primary

caretakers of cats as compared to men (78.1% vs 21.9%). [117]

What is harder to explain is that in our study nearly an equal

proportion of women and men suffered from dog bites, yet

according to the AVMS women are also more often the primary

caretaker of dogs as compared to men (74.2% vs 25.8%).

Furthermore, among those living alone, pet ownership of cats

and dogs is roughly equal: 13.1% of single-occupant households

own a dog only, 15.9% own a cat only, and 5.4% own a cat and

dog. How these single-occupant households with pets differed by

gender is unknown, but according to recent U.S. census data there

are slightly more single households with women (14.6%) than men

(11.2%) [20].

Compared to men, women have been reported to own cats

more often in other countries as well including the United

Kingdom (UK). [118,119] One study from the UK reported that

27% of women and 20% of men owned a cat. [120] Another study

from the UK reported women to be 3.5 times more likely than

men to own a cat. [121] Women are about twice as likely than

men to own dogs in the UK, [118,119] although other studies

have reported a smaller difference in dog ownership (24% of

women and 22% of men, respectively) [120].

It has also been suggested that there are personality types

associated with cat or dog owners. [122] One study reported that

women comprised 68.1% of those who defined themselves among

the ‘‘cat people’’ group and 58.6% among the ‘‘dog people’’

group. [123] Those in the ‘‘cat people’’ group tended to have

higher levels of neuroticism compared to ‘‘dog people’’ based on

personality testing. Interestingly, though, there were similar levels

of neuroticism among men and women who defined themselves as

‘‘cat people’’, whereas a larger difference existed between the

genders among ‘‘dog people’’. The neuroticism personality trait

has been strongly associated with depression, [124,125] although

whether neuroticism represents a vulnerability for developing

depression is unclear [126].

Some animals may bite more in response to changes in their

owners’ mental state or level of responsiveness. For example,

depressed individuals often make less eye contact compared to

those without depression. [127,128] Some animals, such as dogs,

horses, and pigs are known to respond to human social cues such

as gestures, gaze, and focus.[129–133] Even cats may respond to

respond to pointing gestures [134] and human gaze. [135] One

study reported that the type of activity being undertaken by a test
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subject had a large impact on a cat’s behavior. [136] And another

study of individuals living alone with a cat found differences in

interactions with cats that were correlated with self-reported

moods of ‘‘depressiveness’’ [137].

It is also possible that the risk of bites is greater in homes with

multiple pets. Breaking up fights between cats was noted in the

medical record to be a reason some patients were bitten by cats.

Households are more likely to own multiple cats as opposed to

multiple dogs. A recent AVMS survey reported that the mean

number of dogs per household was 1.7, and 37.8% of dog owning

households had more than one dog. Of cat owning households the

mean number of cats was 2.2, and 51.8% had more than one cat.

Additionally, 41% of dog-owning households had at least 1 cat and

47% of cat-owning households had at least one dog. [117] Another

study reported that 13% of UK households owned 1 cat and 11%

owned 2 or more cats whereas 17% of UK households owned one

dog and 5% owned more than one dog [120].

Generalizability may also be an issue since the patients and pets

that are predominant in Southeastern Michigan may not reflect

the makeup of patients or pets in other areas of the country,

including more rural or urban settings. For example, a study of

over 6,000 bites occurring in New York City reported about 70%

dog bites and 13% cat bites. [138] In our dataset of bites using the

ICD E906.X codes, dogs made up 37% of bites and cats about

25%. We also do not know what the overall prevalence of pet

ownership was among our patient cohort. Household pet

information is rarely captured in the EHR except for when it

might impact on allergic symptoms. However, the overall

ownership level by household of dogs (36.8%) and cats (32.5%)

in Michigan closely matches the national average (37.2% dogs,

32.4% cats) [117].

Another limitation of our study is that ICD-9 codes are used

primarily for billing purposes rather than clinical care, and these

codes are often inaccurate, [139–141] including for depression.

[142] This was evident even in our study in which dog and cat

bites were misclassified among multiple ICD-9 categories. We

attempted to compensate for inaccurate coding by conducting a

chart review of the patients’ records with bites. We did not,

however, confirm the depression diagnosis among the patients

who had one of the ICD-9 codes representing depression. Further,

we focused our search on patients who had an ICD-9 code for an

animal bite, but there may have been other instances in which the

bite was coded differently (e.g., as an open, penetrating, or

puncture wound instead). The United States will shortly migrate

from ICD-9 to ICD-10 codes, the latter of which does have a set of

codes specific to cat bites (e.g., W55.01), which may make such

analyses more accurate.

Nevertheless, our study did include a base population of over

one million patients with over ten years of data collected in the

EHR. While the total number of patients with cat bites in our

study was relatively small, the consequences of untreated

depression can be large. It may be that the relationship between

cat bites and human depression is spurious and no true cause-and-

effect exists. But if the relationship can be shown to hold true in

other settings it suggests that, whatever the underlying reason,

depression should be considered by health care practitioners when

patients, especially women, present with cat bites. For at least a

subset of these patients, the presentation of cat bite may be their

initial contact with a healthcare provider, and screening these

patients for depression could provide a means for early detection.

Further research is needed to better understand this unusual

relationship. We believe that, at the least, this study demonstrates

that leveraging the power of data mining with follow-up chart

reviews has the potential to improve health. As clinicians continue

to collect electronic data that can be aggregated and explored with

various data mining approaches, the possibilities for research and

data discovery will continue to grow.

Author Contributions

Conceived and designed the experiments: DAH NR LSS. Performed the

experiments: DAH. Analyzed the data: DAH. Wrote the paper: DAH NR

LSS.

References

1. Patnaik D, Butler P, Ramakrishnan N, Parida L, Keller BJ, et al. (2011)

Experiences with mining temporal event sequences from electronic medical

records; San Diego, California, USA. 360–368.

2. Jensen PB, Jensen LJ, Brunak S (2012) Mining electronic health records:

towards better research applications and clinical care. Nat Rev Genet 13: 395–

405.

3. Bellazzi R, Zupan B (2008) Predictive data mining in clinical medicine: current

issues and guidelines. Int J Med Inform 77: 81–97.

4. Roque FS, Jensen PB, Schmock H, Dalgaard M, Andreatta M, et al. (2011)

Using electronic patient records to discover disease correlations and stratify

patient cohorts. PLoS Comput Biol 7: e1002141.

5. Hanauer DA, Rhodes DR, Chinnaiyan AM (2009) Exploring clinical

associations using ’-omics’ based enrichment analyses. PLoS One 4: e5203.

6. Hanauer DA, Ramakrishnan N (2013) Modeling temporal relationships in

large scale clinical associations. J Am Med Inform Assoc 20: 332–341.

7. Kost R, Littenberg B, Chen ES (2012) Exploring generalized association rule

mining for disease co-occurrences. AMIA Annu Symp Proc 2012: 1284–1293.

8. Holmes AB, Hawson A, Liu F, Friedman C, Khiabanian H, et al. (2011)

Discovering disease associations by integrating electronic clinical data and

medical literature. PLoS One 6: e21132.

9. Mullins IM, Siadaty MS, Lyman J, Scully K, Garrett CT, et al. (2006) Data

mining and clinical data repositories: Insights from a 667,000 patient data set.

Comput Biol Med 36: 1351–1377.

10. Wright A, Chen ES, Maloney FL (2010) An automated technique for

identifying associations between medications, laboratory results and problems.

J Biomed Inform 43: 891–901.

11. Marlin BM, Kale DC, Khemani RG, Wetzel RC (2012) Unsupervised pattern

discovery in electronic health care data using probabilistic clustering models.

389.

12. Coloma PM, Schuemie MJ, Trifiro G, Gini R, Herings R, et al. (2011)

Combining electronic healthcare databases in Europe to allow for large-scale

drug safety monitoring: the EU-ADR Project. Pharmacoepidemiol Drug Saf

20: 1–11.

13. Wang X, Hripcsak G, Markatou M, Friedman C (2009) Active computerized

pharmacovigilance using natural language processing, statistics, and electronic

health records: a feasibility study. J Am Med Inform Assoc 16: 328–337.

14. Denny JC, Ritchie MD, Basford MA, Pulley JM, Bastarache L, et al. (2010)

PheWAS: demonstrating the feasibility of a phenome-wide scan to discover

gene-disease associations. Bioinformatics 26: 1205–1210.

15. Zheng K, Mei Q, Yang L, Manion FJ, Balis UJ, et al. (2011) Voice-dictated

versus typed-in clinician notes: linguistic properties and the potential

implications on natural language processing. AMIA Annu Symp Proc 2011:

1630–1638.

16. Hanauer DA (2006) EMERSE: The Electronic Medical Record Search

Engine. AMIA Annu Symp Proc: 941.

17. Seyfried L, Hanauer DA, Nease D, Albeiruti R, Kavanagh J, et al. (2009)

Enhanced identification of eligibility for depression research using an electronic

medical record search engine. Int J Med Inform 78: e13–18.

18. Yang L, Mei Q, Zheng K, Hanauer DA (2011) Query log analysis of an

electronic health record search engine. AMIA Annu Symp Proc 2011: 915–

924.

19. Zheng K, Mei Q, Hanauer DA (2011) Collaborative search in electronic health

records. J Am Med Inform Assoc 18: 282–291.

20. Households and Families: 2010.

21. Mathers CD, Loncar D (2006) Projections of global mortality and burden of

disease from 2002 to 2030. PLoS Med 3: e442.

22. McKenna MT, Michaud CM, Murray CJ, Marks JS (2005) Assessing the

burden of disease in the United States using disability-adjusted life years.

Am J Prev Med 28: 415–423.

23. Gonzalez HM, Tarraf W, Whitfield KE, Vega WA (2010) The epidemiology of

major depression and ethnicity in the United States. J Psychiatr Res 44: 1043–

1051.

Cat Bites and Human Depression

PLOS ONE | www.plosone.org 8 August 2013 | Volume 8 | Issue 8 | e70585



24. Arroll B, Elley CR, Fishman T, Goodyear-Smith FA, Kenealy T, et al. (2009)
Antidepressants versus placebo for depression in primary care. Cochrane

Database Syst Rev: CD007954.

25. Arroll B, Macgillivray S, Ogston S, Reid I, Sullivan F, et al. (2005) Efficacy and

tolerability of tricyclic antidepressants and SSRIs compared with placebo for
treatment of depression in primary care: a meta-analysis. Ann Fam Med 3:

449–456.

26. Mulrow CD, Williams JW, Jr., Chiquette E, Aguilar C, Hitchcock-Noel P, et al.

(2000) Efficacy of newer medications for treating depression in primary care

patients. Am J Med 108: 54–64.

27. Coyne JC, Palmer SC, Sullivan PA (2003) Screening for depression in adults.

Ann Intern Med 138: 767; author reply 767–768.

28. Culpepper L (2012) Does screening for depression in primary care improve
outcome? Curr Psychiatry Rep 14: 345–352.

29. Das AK, Gross R, Weissman MM (2003) Screening for depression in adults.
Ann Intern Med 138: 767; author reply 767–768.

30. O’Connor EA, Whitlock EP, Gaynes B, Beil TL (2009).

31. Hickie IB, Davenport TA, Ricci CS (2002) Screening for depression in general

practice and related medical settings. Med J Aust 177 Suppl: S111–116.

32. Pignone MP, Gaynes BN, Rushton JL, Burchell CM, Orleans CT, et al. (2002)

Screening for depression in adults: a summary of the evidence for the U.S.
Preventive Services Task Force. Ann Intern Med 136: 765–776.

33. Simon GE, VonKorff M (1995) Recognition, management, and outcomes of
depression in primary care. Arch Fam Med 4: 99–105.

34. Desai MM, Rosenheck RA, Craig TJ (2006) Case-finding for depression among
medical outpatients in the Veterans Health Administration. Med Care 44: 175–

181.

35. Maradiegue AH, Khan F (2013) Missed opportunities in primary care: the

importance of identifying depression through screening, family history, and

chronic disease management. J Psychosoc Nurs Ment Health Serv 51: 27–36.

36. Stromberg R, Wernering E, Aberg-Wistedt A, Furhoff AK, Johansson SE, et al.

(2008) Screening and diagnosing depression in women visiting GPs’ drop in
clinic in Primary Health Care. BMC Fam Pract 9: 34.

37. Porter SC, Fein JA, Ginsburg KR (1997) Depression screening in adolescents

with somatic complaints presenting to the emergency department. Ann Emerg

Med 29: 141–145.

38. Scott EG, Luxmore B, Alexander H, Fenn RL, Christopher NC (2006)

Screening for adolescent depression in a pediatric emergency department.
Acad Emerg Med 13: 537–542.

39. Huffman JC, Pollack MH (2003) Predicting panic disorder among patients with
chest pain: an analysis of the literature. Psychosomatics 44: 222–236.

40. Foldes-Busque G, Marchand A, Chauny JM, Poitras J, Diodati J, et al. (2011)
Unexplained chest pain in the ED: could it be panic? Am J Emerg Med 29:

743–751.

41. Dendle C, Looke D (2008) Review article: Animal bites: an update for

management with a focus on infections. Emerg Med Australas 20: 458–467.

42. Griego RD, Rosen T, Orengo IF, Wolf JE (1995) Dog, cat, and human bites: a

review. J Am Acad Dermatol 33: 1019–1029.

43. Philipsen TE, Molderez C, Gys T (2006) Cat and dog bites. What to do?

Guidelines for the treatment of cat and dog bites in humans. Acta Chir Belg
106: 692–695.

44. Dahl E (1998) [Animal bites at the casualty department of the Oslo City
Council]. Tidsskr Nor Laegeforen 118: 2614–2617.

45. Matter HC, Sentinella A (1998) The epidemiology of bite and scratch injuries
by vertebrate animals in Switzerland. Eur J Epidemiol 14: 483–490.

46. Palacio J, Leon-Artozqui M, Pastor-Villalba E, Carrera-Martin F, Garcia-
Belenguer S (2007) Incidence of and risk factors for cat bites: a first step in

prevention and treatment of feline aggression. J Feline Med Surg 9: 188–195.

47. Patrick GR, O’Rourke KM (1998) Dog and cat bites: epidemiologic analyses

suggest different prevention strategies. Public Health Rep 113: 252–257.

48. Wright JC (1990) Reported cat bites in Dallas: characteristics of the cats, the

victims, and the attack events. Public Health Rep 105: 420–424.

49. Kizer KW (1979) Epidemiologic and clinical aspects of animal bite injuries.

JACEP 8: 134–141.

50. MacBean CE, Taylor DM, Ashby K (2007) Animal and human bite injuries in

Victoria, 1998–2004. Med J Aust 186: 38–40.

51. O’Neil ME, Mack KA, Gilchrist J (2007) Epidemiology of non-canine bite and

sting injuries treated in U.S. emergency departments, 2001–2004. Public
Health Rep 122: 764–775.

52. Ostanello F, Gherardi A, Caprioli A, La Placa L, Passini A, et al. (2005)
Incidence of injuries caused by dogs and cats treated in emergency departments

in a major Italian city. Emerg Med J 22: 260–262.

53. Mack KA (2004) Fatal and nonfatal unintentional injuries in adult women,

United States. J Womens Health (Larchmt) 13: 754–763.

54. Koivusilta LK, Ojanlatva A (2006) To have or not to have a pet for better

health? PLoS One 1: e109.

55. Anderson WP, Reid CM, Jennings GL (1992) Pet ownership and risk factors for

cardiovascular disease. Med J Aust 157: 298–301.

56. Arhant-Sudhir K, Arhant-Sudhir R, Sudhir K (2011) Pet ownership and

cardiovascular risk reduction: supporting evidence, conflicting data and
underlying mechanisms. Clin Exp Pharmacol Physiol 38: 734–738.

57. Barker SB, Wolen AR (2008) The benefits of human-companion animal
interaction: a review. J Vet Med Educ 35: 487–495.

58. Beetz A, Uvnas-Moberg K, Julius H, Kotrschal K (2012) Psychosocial and

psychophysiological effects of human-animal interactions: the possible role of

oxytocin. Front Psychol 3: 234.

59. Enmarker I, Hellzen O, Ekker K, Berg AG (2012) Health in older cat and dog

owners: The Nord-Trondelag Health Study (HUNT)-3 study. Scand J Public

Health 40: 718–724.

60. Friedmann E, Thomas SA, Son H (2011) Pets, depression and long term

survival in community living patients following myocardial infarction.

Anthrozoos 24: 273–285.

61. Hall PL, Malpus Z (2000) Pets as therapy: effects on social interaction in long-

stay psychiatry. Br J Nurs 9: 2220–2225.

62. Krause-Parello CA (2012) Pet ownership and older women: the relationships

among loneliness, pet attachment support, human social support, and

depressed mood. Geriatr Nurs 33: 194–203.

63. McConnell AR, Brown CM, Shoda TM, Stayton LE, Martin CE (2011)

Friends with benefits: on the positive consequences of pet ownership. J Pers Soc

Psychol 101: 1239–1252.

64. Oka K, Shibata A (2009) Dog ownership and health-related physical activity

among Japanese adults. J Phys Act Health 6: 412–418.

65. Raina P, Waltner-Toews D, Bonnett B, Woodward C, Abernathy T (1999)

Influence of companion animals on the physical and psychological health of

older people: an analysis of a one-year longitudinal study. J Am Geriatr Soc 47:

323–329.

66. Serpell J (1991) Beneficial effects of pet ownership on some aspects of human

health and behaviour. J R Soc Med 84: 717–720.

67. Terra VC, Sakamoto AC, Machado HR, Martins LD, Cavalheiro EA, et al.

(2012) Do pets reduce the likelihood of sudden unexplained death in epilepsy?

Seizure 21: 649–651.

68. Wisdom JP, Saedi GA, Green CA (2009) Another breed of ‘‘service’’ animals:

STARS study findings about pet ownership and recovery from serious mental

illness. Am J Orthopsychiatry 79: 430–436.

69. Wood L, Giles-Corti B, Bulsara M (2005) The pet connection: pets as a conduit

for social capital? Soc Sci Med 61: 1159–1173.

70. Allen K, Shykoff BE, Izzo JL Jr (2001) Pet ownership, but not ace inhibitor

therapy, blunts home blood pressure responses to mental stress. Hypertension

38: 815–820.

71. Turner DC, Rieger G, Gygax L (2003) Spouses and cats and their effects on

human mood. Anthrozoos: A Multidisciplinary Journal of The Interactions of

People & Animals 16: 213–228.

72. Zasloff RL, Kidd AH (1994) Loneliness and pet ownership among single

women. Psychol Rep 75: 747–752.

73. Chur-Hansen A, Stern C, Winefield H (2010) Gaps in the evidence about

companion animals and human health: some suggestions for progress. Int J Evid

Based Healthc 8: 140–146.

74. Friedmann E, Thomas SA (1995) Pet ownership, social support, and one-year

survival after acute myocardial infarction in the Cardiac Arrhythmia

Suppression Trial (CAST). Am J Cardiol 76: 1213–1217.

75. Hirsch AR, Whitman BW (1994) Pet ownership and prophylaxis of headache

and chronic pain. Headache 34: 542–543.

76. Lodrup Carlsen KC, Roll S, Carlsen KH, Mowinckel P, Wijga AH, et al.

(2012) Does pet ownership in infancy lead to asthma or allergy at school age?

Pooled analysis of individual participant data from 11 European birth cohorts.

PLoS One 7: e43214.

77. Mayon-White R (2005) Pets–pleasures and problems. BMJ 331: 1254–1255.

78. McNicholas J, Gilbey A, Rennie A, Ahmedzai S, Dono JA, et al. (2005) Pet

ownership and human health: a brief review of evidence and issues. BMJ 331:

1252–1254.

79. Parslow RA, Jorm AF (2003) Pet ownership and risk factors for cardiovascular

disease: another look. Med J Aust 179: 466–468.

80. Wells DL (2009) Associations between pet ownership and self-reported health

status in people suffering from chronic fatigue syndrome. J Altern Complement

Med 15: 407–413.

81. Duvall Antonacopoulos NM, Pychyl TA (2010) An Examination of the

Potential Role of Pet Ownership, Human Social Support and Pet Attachment

in the Psychological Health of Individuals Living Alone Anthrozoos: A

Multidisciplinary Journal of The Interactions of People & Animals 23: 37–54.

82. Peacock J, Chur-Hansen A, Winefield H (2012) Mental health implications of

human attachment to companion animals. J Clin Psychol 68: 292–303.

83. Parslow RA, Jorm AF, Christensen H, Rodgers B, Jacomb P (2005) Pet

ownership and health in older adults: findings from a survey of 2,551

community-based Australians aged 60–64. Gerontology 51: 40–47.

84. Watson NL, Weinstein M (1993) Pet Ownership in Relation to Depression,

Anxiety, and Anger in Working Women. Anthrozoos: A Multidisciplinary

Journal of The Interactions of People & Animals 6: 135–138.

85. Thomas F, Lafferty KD, Brodeur J, Elguero E, Gauthier-Clerc M, et al. (2012)

Incidence of adult brain cancers is higher in countries where the protozoan

parasite Toxoplasma gondii is common. Biol Lett 8: 101–103.

86. Vittecoq M, Elguero E, Lafferty KD, Roche B, Brodeur J, et al. (2012) Brain

cancer mortality rates increase with Toxoplasma gondii seroprevalence in

France. Infect Genet Evol 12: 496–498.

87. Fond G, Capdevielle D, Macgregor A, Attal J, Larue A, et al. (2013)

[Toxoplasma gondii: A potential role in the genesis of psychiatric disorders].

Encephale 39: 38–43.

Cat Bites and Human Depression

PLOS ONE | www.plosone.org 9 August 2013 | Volume 8 | Issue 8 | e70585



88. Flegr J (2013) Influence of latent Toxoplasma infection on human personality,

physiology and morphology: pros and cons of the Toxoplasma-human model in
studying the manipulation hypothesis. J Exp Biol 216: 127–133.

89. Flegr J, Preiss M, Klose J, Havlicek J, Vitakova M, et al. (2003) Decreased level

of psychobiological factor novelty seeking and lower intelligence in men latently
infected with the protozoan parasite Toxoplasma gondii Dopamine, a missing

link between schizophrenia and toxoplasmosis? Biol Psychol 63: 253–268.
90. Miman O, Mutlu EA, Ozcan O, Atambay M, Karlidag R, et al. (2010) Is there

any role of Toxoplasma gondii in the etiology of obsessive-compulsive disorder?

Psychiatry Res 177: 263–265.
91. Groer MW, Yolken RH, Xiao JC, Beckstead JW, Fuchs D, et al. (2011)

Prenatal depression and anxiety in Toxoplasma gondii-positive women.
Am J Obstet Gynecol 204: 433 e431–437.

92. Kar N, Misra B (2004) Toxoplasma seropositivity and depression: a case report.
BMC Psychiatry 4: 1.

93. Pedersen MG, Mortensen PB, Norgaard-Pedersen B, Postolache TT (2012)

Toxoplasma gondii infection and self-directed violence in mothers. Arch Gen
Psychiatry 69: 1123–1130.

94. Zhang Y, Traskman-Bendz L, Janelidze S, Langenberg P, Saleh A, et al. (2012)
Toxoplasma gondii immunoglobulin G antibodies and nonfatal suicidal self-

directed violence. J Clin Psychiatry 73: 1069–1076.

95. Ling VJ, Lester D, Mortensen PB, Langenberg PW, Postolache TT (2011)
Toxoplasma gondii seropositivity and suicide rates in women. J Nerv Ment Dis

199: 440–444.
96. Arling TA, Yolken RH, Lapidus M, Langenberg P, Dickerson FB, et al. (2009)

Toxoplasma gondii antibody titers and history of suicide attempts in patients
with recurrent mood disorders. J Nerv Ment Dis 197: 905–908.

97. Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW (2008) From

inflammation to sickness and depression: when the immune system subjugates
the brain. Nat Rev Neurosci 9: 46–56.

98. Jones JL, Kruszon-Moran D, Sanders-Lewis K, Wilson M (2007) Toxoplasma
gondii infection in the United States, 1999 2004, decline from the prior decade.

Am J Trop Med Hyg 77: 405–410.

99. Esch KJ, Petersen CA (2013) Transmission and epidemiology of zoonotic
protozoal diseases of companion animals. Clin Microbiol Rev 26: 58–85.

100. Jones JL, Kruszon-Moran D, Wilson M, McQuillan G, Navin T, et al. (2001)
Toxoplasma gondii infection in the United States: seroprevalence and risk

factors. Am J Epidemiol 154: 357–365.
101. Elmore SA, Jones JL, Conrad PA, Patton S, Lindsay DS, et al. (2010)

Toxoplasma gondii: epidemiology, feline clinical aspects, and prevention.

Trends Parasitol 26: 190–196.
102. Boyer K, Hill D, Mui E, Wroblewski K, Karrison T, et al. (2011) Unrecognized

ingestion of Toxoplasma gondii oocysts leads to congenital toxoplasmosis and
causes epidemics in North America. Clin Infect Dis 53: 1081–1089.

103. Vittecoq M, Lafferty KD, Elguero E, Brodeur J, Gauthier-Clerc M, et al.

(2012) Cat ownership is neither a strong predictor of Toxoplasma gondii
infection nor a risk factor for brain cancer. Biology Letters 8: 1042–1042.

104. Jones JL, Dargelas V, Roberts J, Press C, Remington JS, et al. (2009) Risk
factors for Toxoplasma gondii infection in the United States. Clin Infect Dis 49:

878–884.
105. Lindsay DS, Dubey JP, Butler JM, Blagburn BL (1997) Mechanical

transmission of Toxoplasma gondii oocysts by dogs. Vet Parasitol 73: 27–33.

106. Friedman CP, Wong AK, Blumenthal D (2010) Achieving a nationwide
learning health system. Sci Transl Med 2: 57cm29.

107. Friedman C, Rigby M (2012) Conceptualising and creating a global learning
health system. Int J Med Inform.

108. Tatonetti NP, Denny JC, Murphy SN, Fernald GH, Krishnan G, et al. (2011)

Detecting drug interactions from adverse-event reports: interaction between
paroxetine and pravastatin increases blood glucose levels. Clin Pharmacol Ther

90: 133–142.
109. Tatonetti NP, Fernald GH, Altman RB (2012) A novel signal detection

algorithm for identifying hidden drug-drug interactions in adverse event

reports. J Am Med Inform Assoc 19: 79–85.
110. Botsis T, Hartvigsen G, Chen F, Weng C (2010) Secondary Use of EHR: Data

Quality Issues and Informatics Opportunities. AMIA Summits Transl Sci Proc
2010: 1–5.

111. Hripcsak G, Knirsch C, Zhou L, Wilcox A, Melton G (2011) Bias associated
with mining electronic health records. J Biomed Discov Collab 6: 48–52.

112. Koshgarian L, Goodman M, Curtis A, Vaisanen R, Wolf J (2008) Veterinary

Medicine in New England: State-by-State Industry Characteristics and
Economic Impacts.

113. Lofstedt J (2003) Gender and veterinary medicine. Can Vet J 44: 533–535.
114. Heath TJ (2007) Longitudinal study of veterinary students and veterinarians:

family and gender issues after 20 years. Aust Vet J 85: 290–295.

115. Blakeley K (2009) Crazy Cat Ladies. Forbes.

116. Jones JM (2007) Companionship and Love of Animals Drive Pet Ownership.

Gallup.

117. American Veterinary Medical Association. (2012) U.S. pet ownership &
demographics sourcebook. Schaumburg, Ill.: American Veterinary Medical

Association. xxi, 186 p.

118. Murray JK, Browne WJ, Roberts MA, Whitmarsh A, Gruffydd-Jones TJ (2010)
Number and ownership profiles of cats and dogs in the UK. Vet Rec 166: 163–

168.

119. Westgarth C, Pinchbeck GL, Bradshaw JW, Dawson S, Gaskell RM, et al.
(2010) Factors associated with cat ownership in a community in the UK. Vet

Rec 166: 354–357.

120. (2004) Pet Accessories and Healthcare - UK - March 2004. Mintel

International Group Limited.

121. (2004) It’s Official! Purring Puss Cats Enhance Men’s Pulling Power, and Bring
out Their Caring Fe-line Side! : PR Newswire.

122. Kidd AH, Kidd RM (1980) Personality Characteristics and Preferences in Pet

Ownership. Psychological Reports 46: 939–949.

123. Gosling SD, Sandy CJ, Potter J (2010) Personalities of Self-Identified ‘‘Dog

People’’ and ‘‘Cat People’’. Anthrozoos: A Multidisciplinary Journal of The
Interactions of People & Animals 23: 213–222.

124. Farmer A, Redman K, Harris T, Mahmood A, Sadler S, et al. (2002)

Neuroticism, extraversion, life events and depression. The Cardiff Depression
Study. Br J Psychiatry 181: 118–122.

125. Kendler KS, Gatz M, Gardner CO, Pedersen NL (2006) Personality and major

depression: a Swedish longitudinal, population-based twin study. Arch Gen
Psychiatry 63: 1113–1120.

126. McWilliams L (2003) Neuroticism and depression. Br J Psychiatry 182: 80;
author reply 80.

127. Hills PJ, Lewis MB (2011) Sad people avoid the eyes or happy people focus on

the eyes? Mood induction affects facial feature discrimination. Br J Psychol 102:
260–274.

128. Segrin C (2000) Social skills deficits associated with depression. Clin Psychol

Rev 20: 379–403.

129. Hemsworth PH, Gonyou HW, Dziuk PJ (1986) Human communication with

pigs: The behavioural response of pigs to specific human signals. Applied
Animal Behaviour Science 15: 45–54.

130. Maros K, Gacsi M, Miklosi A (2008) Comprehension of human pointing

gestures in horses (Equus caballus). Anim Cogn 11: 457–466.

131. Proops L, McComb K (2010) Attributing attention: the use of human-given

cues by domestic horses (Equus caballus). Anim Cogn 13: 197–205.

132. Reid PJ (2009) Adapting to the human world: dogs’ responsiveness to our social
cues. Behav Processes 80: 325–333.

133. Viranyi Z, Topal J, Gacsi M, Miklosi A, Csanyi V (2004) Dogs respond

appropriately to cues of humans’ attentional focus. Behav Processes 66: 161–
172.

134. Miklosi A, Pongracz P, Lakatos G, Topal J, Csanyi V (2005) A comparative
study of the use of visual communicative signals in interactions between dogs

(Canis familiaris) and humans and cats (Felis catus) and humans. J Comp

Psychol 119: 179–186.

135. Goodwin D, Bradshaw JWS (1997) Gaze and mutual gaze: its importance in

cat/human and cat/cat interactions; July 24–25; Boston, Massachusetts, USA.
20–21.

136. Mertens C, Turner DC (1988) Experimental Analysis of Human-Cat

Interactions During First Encounters. Anthrozoos: A Multidisciplinary Journal
of The Interactions of People & Animals 2: 83–97.

137. Rieger G, Turner DC (1999) How Depressive Moods Affect the Behavior of

Singly Living Persons toward their Cats. Anthrozoos: A Multidisciplinary
Journal of The Interactions of People & Animals 12: 224–233.

138. Bregman B, Slavinski S (2012) Using emergency department data to conduct
dog and animal bite surveillance in New York City, 2003–2006. Public Health

Rep 127: 195–201.

139. O’Malley KJ, Cook KF, Price MD, Wildes KR, Hurdle JF, et al. (2005)
Measuring diagnoses: ICD code accuracy. Health Serv Res 40: 1620–1639.

140. Reker DM, Rosen AK, Hoenig H, Berlowitz DR, Laughlin J, et al. (2002) The

hazards of stroke case selection using administrative data. Med Care 40: 96–
104.

141. Rhodes ET, Laffel LM, Gonzalez TV, Ludwig DS (2007) Accuracy of
administrative coding for type 2 diabetes in children, adolescents, and young

adults. Diabetes Care 30: 141–143.

142. Rawson NS, Malcolm E, D’Arcy C (1997) Reliability of the recording of
schizophrenia and depressive disorder in the Saskatchewan health care

datafiles. Soc Psychiatry Psychiatr Epidemiol 32: 191–199.

Cat Bites and Human Depression

PLOS ONE | www.plosone.org 10 August 2013 | Volume 8 | Issue 8 | e70585


