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Ethnic differences and comorbidities of
909 prurigo nodularis patients

Emily Boozalis, BA," Olive Tang, BS,*” Shivani Patel, MD," Yevgeniy R. Semenov, MD, MA,*
Manuel P. Pereira, MD,” Sonja Stander, MD," Sewon Kang, MD," and Shawn G. Kwatra, MD""
Baltimore, Maryland, St. Louis, Missouri; and Miinster, Germamny

Background: Prurigo nodularis (PN) is a poorly understood, understudied pruritic dermatosis that reduces
quality of life.

Objective: To characterize the demographics and comorbidities associated with PN.

Methods: Cross-sectional study of patients 18 years and older who were seen at the Johns Hopkins Health
System between December 6, 2012, and December 6, 2017.

Results: Over the past 5 years, 909 patients with PN were seen at Johns Hopkins Health System. African
American patients were 3.4 times more likely to have PN than white patients were (odds ratio [OR], 3.4; 95%
confidence interval [CI], 2.9-3.9; P < .001). A comparison of the study patients and race-matched controls
revealed that PN was significantly associated with a variety of systemic, cardiovascular, and psychiatric
comorbidities, including chronic kidney disease, chronic hepatitis C, chronic obstructive pulmonary
disease, congestive heart failure, depression, and atopic dermatitis. Black patients with PN were 10.5 times
more likely (OR, 10.5; 95% CI, 7.9-13.9; P <.00D) to have HIV than were race-matched controls with atopic
dermatitis, and 8 times more likely (OR, 8.0; 95% CI, 5.7-11.1; P < .001) to have HIV than were African
American patients with psoriasis.

Limitations: Our data describe patients seen by 1 hospital system. Our data identify associated conditions
and comorbidities but are unable to support a causal relationship.

Conclusion: PN disproportionately affects African Americans and is associated with several systemic
conditions, including HIV, chronic kidney disease, and diabetes. (J] Am Acad Dermatol https://doi.org/

10.1016/j.jaad.2018.04.047.)
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rurigo nodularis (PN) is a pruritic dermatosis
of unknown etiology that is characterized by
chronic scratching behavior." It presents as
symmetrically — distributed hyperkeratotic = and
intensely pruritic nodules and papules, most

commonly involving the extensor surfaces of the
extremities and trunk.” Like other chronically pruritic
conditions, PN carries a significant burden of disease,
disrupting sleep quality and contributing to mood
disorders such as anxiety and depression.””
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Despite its effects on health-related quality of life,
PN remains poorly understood and understudied
throughout the literature. In fact, to date, there are
only a few small-scale studies describing the strength
of the association of various comorbidities with
PN.>" Currently, the most comprehensive study
characterizing a cohort of patients with PN involves
108 primarily white patients
in Germany.” One explana-
tion for the dearth of avail-
able data is that PN is
relatively uncommon; thus,
studies analyzing chronic
itch often group PN together
with other pruritic condi-
tions.” Furthermore, the
pathogenesis of PN has not
yet been elucidated, limiting
dermatologists’ understand-
ing and management of the
disease.”

Because PN carries a sig-
nificant burden of disease
and has not been well characterized, it is important
to gather more data on this patient population.” To
help provide a better understanding of this condi-
tion, we performed a cross-sectional study of de-
mographic characteristics, ethnic differences, and
associated comorbid conditions of patients with PN
who were seen at the Johns Hopkins Health System
(JHHS) over the past 5 years.

comorbidities.

patients with PN.

METHODS

Institutional review board approval was waived,
as only anonymous aggregate-level data counts were
used. Retrospective data on patient demographics
and comorbidities were collected by using the Slicer
Dicer feature of the electronic medical record system
EPIC. Johns Hopkins has a large and diverse catch-
ment area that includes the city of Baltimore and
surrounding suburban areas across the state of
Maryland and neighboring states; in addition, many
patients travel long distances both domestically and
internationally to receive care at JHHS.

Using Slicer Dicer, we anonymously searched for
the total number of patients age 18 or older in whom
PN had been diagnosed at JHHS over the past 5 years
(from December 6, 2012, through December 6,
2017). We then applied additional filters for various
comorbid chronic conditions to determine the per-
centages of patients with PN and each comorbidity.
The list of comorbidities was derived from the 2015
Medicare report of the most prevalent chronic med-
ical conditions in the United States.’” Atopic
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dermatitis (AD) was also added to this list of
comorbidities, as it is associated with PN.

Patients with PN were compared with 3 groups of
controls: patients with a diagnosis of AD, patients
with a diagnosis of psoriasis, and all patients without
PN who were seen at JHHS within the same time
frame. Odds ratios were calculated to evaluate the
strength of association be-
tween PN and the various
comorbidities versus that in
our control groups. Statistical
significance was set at a P
value less than .05
(Supplemental Table I; avail-
http://www jaad.
org). Odds ratios and P
values were not calculated
for comorbidities with 0 pa-
tients in that category.

Subgroup analyses strati-
fied by race were performed
for the aforementioned out-
comes (Supplemental Tables
I and III; available at http://www .jaad.org). Age
distributions for all patients with PN, African
American patients with PN, and white patients with
PN were determined by calculating the percentage of
patients in 4 different age brackets for each year of
the study and averaging those percentages together.

RESULTS

Over the past 5 years, 909 patients with a
diagnosis of PN presented to JHHS. Of these 909
patients with PN, 49.4% were African American,
41.8% were white, and 3.4% were Asian (Fig 1).
African American patients were 3.4 times more likely
to have PN than white patients were (odds ratio [OR],
3.4; 95% confidence interval [CI], 2.9-3.9; P < .001).
Of the African American patients, 54.6% were female
and 45.4% were male. Of the white patients, 50.5%
were female and 49.5% were male. Of the Asians,
41.9% were female and 58.1% were male. The age
distribution was similar among African American and
white patients with PN, with the majority of patients
with PN (43%-45%) being 51 to 65 years old (Fig 2).
In both our African American and white study
groups, PN was statistically significantly associated
with a variety of systemic, cardiovascular, and psy-
chiatric conditions when those groups were
compared with race-matched controls; these dis-
eases included chronic kidney disease, chronic hep-
atitis C, chronic obstructive pulmonary disease
(COPD), congestive heart failure, depression, and
AD (Supplemental Tables IT and I1D). Whereas 10.7%
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Abbreviations used:

AD: atopic dermatitis

COPD: chronic obstructive pulmonary disease
JHHS:  Johns Hopkins Health System

IL: interleukin

PN: prurigo nodularis

of patients with PN had concomitant AD, only 4.2%
of patients with PN had concomitant psoriasis.

Among African Americans, PN was also statisti-
cally significantly associated with HIV infection,
hypertension, and ischemic heart disease, whereas
neither psoriasis nor AD was statistically significantly
associated of with HIV, hypertension, or ischemic
heart disease; such associations were not seen in our
white study group. Compared with psoriasis, PN was
not associated with osteoarthritis, rheumatoid
arthritis, atrial fibrillation, hyperlipidemia, or osteo-
porosis. Compared with AD, PN was not associated
with rheumatoid arthritis or asthma. There were too
few Asian patients in our PN cohort to determine
associated comorbidities.

DISCUSSION

This study represents one of the most detailed
analyses of patients with PN reported in the litera-
ture. Our study found that PN disproportionately
affects African Americans as compared with the
general population (Fig 1). In addition, sex distribu-
tion varied by race, with more females affected
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among African American patients, more males
affected among Asian patients, and males and
females affected relatively equally among white
patients. When both African American and white
patients were compared with race-matched controls,
having PN was associated with a statistically signif-
icantly increased risk of various systemic, cardiovas-
cular, and psychiatric conditions (Supplemental
Tables I-1ID.

Half of the patients with PN who were seen at
JHHS over the last 5 years were African American. By
comparison, only 19.0% of all patients seen at JHHS
are African American (Fig 1). Indeed, many of the
underlying conditions thought to contribute to the
development of PN—such as AD, type 2 diabetes
mellitus, chronic kidney disease, and chronic liver
disease—have a higher incidence in African
Americans.”*® Our study also found that compared
with all the control groups, both African American
and white patients with PN had a statistically
significantly increased risk of having the 4 afore-
mentioned conditions (Supplemental Tables TI
and I1D).

We found that PN in African Americans is also
statistically significantly associated with HIV infec-
tion, a finding that was not observed in our white
cohort. Our study found that black patients with PN
were 10.5 times more likely (OR, 10.5; 95% CI, 7.9-
13.9; P < .001) to have HIV than were race-matched
controls with atopic dermatitis, and 8 times more
likely (OR, 8.0; 95% CI, 5.7-11.1; P < .001) to have
HIV than were African American patients with
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Fig 1. Racial backgrounds of all patients 18 years and older with a diagnosis of prurigo
nodularis (PN), atopic dermatitis (AD), or psoriasis and within the general population who
presented to the Johns Hopkins Hospital System over the past 5 years. A4, African American.
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Fig 2. Age distribution of patients with prurigo nodularis (PN) overall, in African Americans
(AAs), and in white patients. Most patients (43%-45%) with PN were between 51 and 65 years

old.
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Fig 3. Percentages of African American patients with prurigo nodularis (PN), atopic dermatitis
(AD), or psoriasis and in the general population who are HIV positive. African American
patients with PN were 10.5 times more likely to have HIV than were race-matched patients with
AD and 8 times more likely to have HIV than were race-matched patients with psoriasis.

psoriasis (Fig 3). Although the racial differences are
a significant finding, the association with HIV infec-
tion is not surprising, as HIV is a recognized major
systemic cause of generalized chronic pruritus.’
Indeed, a previous article described an association
between HIV infection and PN on the basis of a study
of patients treated at a clinic in French Guiana.'” The
study found that 35.7% of patients with PN in French

Guiana had a concomitant diagnosis of HIV." In our
study, 27.2% of African American patients with PN
had HIV. In line with the most recent US Centers for
Disease Control and Prevention guidelines, all pa-
tients age 13 to 64 years should undergo HIV testing
at least once in their lifetime as long as the preva-
lence of undiagnosed HIV in that patient population
is greater than 0.1%.'"" Thus, clinicians should
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consider an HIV work-up in patients with PN who
have not yet been tested for HIV during their lifetime.

Our study also found that when patients with PN
are compared with race-matched controls with AD or
psoriasis, PN is statistically significantly associated
with a variety of cardiovascular conditions; these
conditions include hypertension, ischemic heart
disease, and congestive heart failure (Supplemental
Table D). To our knowledge, these associations are
novel. There are several explanations that could
account for this finding. Hypertension is highly
associated with concomitant diabetes mellitus and
chronic kidney disease, both of which are systemic
causes of chronic pruritus that could contribute to
PN.” Hypertension is also a well-documented risk
factor for the development of congestive heart fail-
ure.'” However, these associations warrant further
study in future research.

PN was also statistically significantly associated
with COPD in both African American and white
patients (Supplemental Tables IT and I1D). Tt is known
that patients with psoriasis are at greater risk of
developing COPD than the general population, with
the severity of psoriasis correlating with the strength
of this association.'” The authors of the study that
demonstrated this finding hypothesized that the
inflammatory response seen in patients with psori-
asis leads to increased levels of the proinflammatory
cytokines interleukin 1 (IL-1), IL-6, IL-8, and tumor
necrosis factor-a, which predisposes smokers to a
proinflammatory state in the lungs."” Future studies
should further explore this association in patients
with PN.

We found that a statistically significant percentage
of African American and white patients with PN had
major depressive disorder when compared with
race-matched controls (Supplemental Tables 1T and
I1D. In fact, patients with PN were almost 3 times
more likely to have concomitant depression when
compared with patients with AD and 2.5 times more
likely to have depression when compared with
patients with psoriasis (Supplemental Table D). This
finding suggests a psychologic component to PN,
and it is consistent with previous reports describing a
relationship between chronic itch and mood disor-
ders. Of all patients with chronic pruritus, 70% have
some type of psychiatric comorbidity, and the
severity of depression in patients with chronic pru-
ritus correlates with intensity of itch."*"” The
concomitant psychologic component of PN likely
contributes to the challenging nature of treating this
disease.

There are several limitations to this study. Our
data describe patients who were seen by 1 hospital
system in the United States and thus are not
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generalizable to the general population or to patients
living in remote or rural areas. Our data also identify
associated conditions and comorbidities but are
unable to support a causal relationship between
these comorbidities and the development of PN.
Associated conditions may be a consequence of
uncontrolled factors, such as socioeconomic status
or history of intravenous drug use. Substratification
by age could not be performed given the relatively
small total number of patients with PN and given the
fact that each comorbidity existed in different age
brackets. Finally, we lacked information on racial
biases in referral patterns, which may have affected
the interpretation of our results.

There are few studies currently available on the
epidemiology of PN. Our findings indicate that PN
disproportionately affects African Americans be-
tween the ages of 50 and 65 years and that PN is
associated with a number of systemic and psychiatric
conditions. Patients with PN who have not already
undergone HIV screening should be considered for
an HIV work-up.
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Supplemental Table I. Absolute number, percentage, odds ratios, and P values of all patients 18 years and older with PN and various comorbid conditions,
as compared with those of patients 18 and older with AD, with psoriasis, or within the general population who were seen at the JHHS over the past 5 years

Comorbidity PN, n (%) AD, n (%) OR (95% CI) P value Psoriasis, n (%) OR (95% CD P value General population, n (%) OR (95% CI) P value
Alzheimer disease 2(0.2) 22 (0.3) 0.8 (0.2, 3.3) 72 87 (0.7) 3 (0.1, 1.3) .10 7121 (0.2) 4 (0.4, 5.8) .60
Osteoarthritis 232 (25.5) 1097 (14.2) (1.8,24) <.001 3096 (23.8) 1 (0.9, 1.3) 24 149044 (3.2) 104 (9.0, 12.1) <.001
Rheumatoid arthritis 7 (1.9) 81 (1.1) 8 (1.1, 3.0) .03 367 (2.8) 7 (0.4, 1.1) .09 8547 (0.2) 104 (6.4, 16.8) <.001
Asthma 149 (16.4) 1591 (20.6) 8 (0.6, 0.9) .003 1222 (9.4) 9 (1.6, 2.3) <.001 86982 (1.9) 103 (8.7,123) <.001
Atrial fibrillation 53 (5.8) 187 (2.4) 5(1.8,34) <.001 727 (5.6) 0 (0.8, 1.4) .76 56175 (1.2) 1(3.9,6.7) <.001
Autism spectrum disorders 3 (0.3) 30 (0.4) 8 (0.3, 2.8) 79 14 (0.1) 1 (0.9, 10.7) .06 1777 (0) 7 (2.8,27.1) <.001
Breast cancer 3(0.3) 12 (0.2) 1 (0.6, 7.5) .23 40 (0.3) 1 (0.3, 3.5) 91 5018 (0.1) 1 (1.0, 9.6) .04
Colorectal cancer 0 (0) 0 (0) 1(0) 868 (0)

Lung cancer 0 (0) 4 (0.1) 7 (0.1) 1675 (0)

Prostate cancer 0 (0) 3 (0) 5 (0) 347 (0)

Chronic kidney disease 139 (15.3) 283 (3.7) 47 (3.8,59) <.001 739 (5.7) 0 (2.5, 3.6) <.001 45393 (1.0) 18.4 (15.4, 22.1) <.001
COPD 102 (11.2) 289 (3.7) 3.2 (26,4.1) <.001 775 (6.0) 0 (1.6, 2.5) <.001 42358 (0.9) 13.8 (11.2, 17.0) <.001
Depression 217 (23.9) 778 (10.1) 2.8 (2.4,3.3) <.001 1485 (11.4) 4 (2.1, 2.9) <.001 87048 (1.9) 165 (14.1, 19.2) <.001
Diabetes 227 (25.0) 816 (10.6) 2.8(2.4,3.3) <.001 2202 (16.9) 6 (1.4,1.9) <.001 152217 (3.3) 9 (8.5, 11.5) <.001
Congestive heart failure 90 (9.9) 203 (2.6) 41 (3.1,53) <.001 559 (4.3) 4 (1.9, 3.1) <.001 36663 (0.8) 13 9 (11.2, 17.3) <.001
Chronic hepatitis B 0 (0) 0 (0) 2 (0) 116 (0)

Chronic hepatitis C 103 (11.3) 98 (1.3) 9(7.5,13.2) <.001 182 (1.4) 0(7.0,11.6) <.001 12166 (0.3) 49.0 (39.9, 60.2) <.001
HIV 133 (14.6) 127 (1.6) 10 2(7.9,13.2) <.001 125 (1.0) 17 7 (13.7,22.8) <.001 11726 (0.3) 681 (56.6, 82.0) <.001
Hyperlipidemia 317 (34.9) 1909 (24.8) 6(1.4,19) <.001 4886 (37.6) 9 (0.8, 1.0) .10 286748 (6.1) 2(7.1,9.4) <.001
Hypertension 422 (46.4) 2016 (26.1) 4(2.1,28) <.001 4641 (35.7) 6 (1.4, 1.8) <.001 322765 (6.9) 11 7 (10.3, 13.3) <.001
Ischemic heart disease 135 (14.9) 314 (4.1) 1(3.3,5.1) <.001 920 (7.1) 3 (1.9, 2.8) <.001 60244 (1.3) 134 (11.1, 16.0) <.001
Osteoporosis 59 (6.5) 288 (3.7) 8(1.3,24) <.001 692 (5.3) 2 (0.9, 1.6) 13 36683 (0.8) 8 (6.7, 11.4) <.001
Schizophrenia 16 (1.8) 48 (0.6) 9(1.6,5.1) <.001 61 (0.5) 8 (2.2, 6.6) <.001 6827 (0.1) 12 2 (7.5,20.1) <.001
Stroke 31 (3.4) 91 (1.2) 0 (2.0,4.5) <.001 212 (1.6) 1 (1.5, 3.1) <.001 17394 (0.4) 5 (6.6, 13.5) <.001
Inflammatory bowel disease 10 (1.1) 62 (0.8) 4 (0.7, 2.7) 35 163 (1.3) 9 (0.5, 1.7) .69 7151 (0.2) 3 (3.9, 135 <.001
Atopic dermatitis 97 (10.7) n/a n/a n/a 247 (1.9) 2 (48,79 <.001 7716 (0.2) 72 2 (585, 89.3) <.001

Data are for patients of all races age 18 years or older, including 909 patients with PN, 7716 patients with AD, 13,005 patients with psoriasis, and 4,673,684 patients in the general population.
AD, Atopic dermatitis; COPD, chronic obstructive pulmonary disease; JHHS, Johns Hopkins Health System; n/a, not applicable; OR, odds ratio; PN, prurigo nodularis.
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Supplemental Table II. Absolute number, percentage, odds ratios, and P values of African American patients age 18 years and older with PN and various
comorbid conditions, as compared with race-matched controls age 18 years and older with AD, with psoriasis, or within the general population who were
seen at the JHHS over the past 5 years

General
Comorbidity PN, n (%) AD, n (%) OR (95% CI) P value Psoriasis, n (%) OR (95% CI) P value population, n (%) OR (95% CI) P value
Alzheimer disease 1(0.2) 4 (0.1) 1.8 (0.2, 16.1) .60 4 (0.1) 8 (0.1, 7.0) .83 1369 (0.2) 1.4 (0.2, 10.3) 71
Osteoarthritis 126 (28.1) 428 (13.3) 5 (2.0, 3.2) <.001 332 (23.6) 1.3 (1.0, 1.6) .05 35313 (4.0) 94 (7.7, 11.6) <.001
Rheumatoid arthritis 5(1.1) 32 (1.0) 1 (0.4, 2.9) .81 48 (1.5) 3 (0.1, 0.8) .01 1978 (0.2) 5.0 (2.1, 12.2) <.001
Asthma 92 (20.5) 902 (28.0) 7 (0.5, 0.8) <.001 208 (14.8) 1.5 (1.1, 2.0) .004 31876 (3.6) 6.9 (5.5, 8.7) <.001
Atrial fibrillation 24 (5.3) 49 (1.5) 7 (2.2, 6.0) <.001 56 (4.0) 1.4 (0.8, 2.2) 21 7975 (0.9) 6.2 (4.1, 9.4) <.001
Autism spectrum 3(0.7) 9 (0.3) 4 (0.6, 8.9) 18 4 (0.1) 2.4 (0.5, 10.6) 25 527 (0.1) 11.3 (3.6, 35.4) <.001

disorders
Breast cancer 0 (0) 5(0.2) 4 (0.1) 973 (0.1)
Colorectal cancer 0 (0) 2 (0.1) 1 (0) 132 (0)
Lung cancer 0 (0) 0 (0) 5(0.2) 320 (0)
Prostate cancer 0 (0) 1 (0) 0 (0) 94 (0)
Chronic kidney disease 87 (19.4) 139 (4.3) 53 (4.0, 7.1) <.001 130 (9.2) 4 (1.8, 3.2) <.001 16347 (1.8) 12.8 (10.1, 16.2)  <.001
COPD 61 (13.6) 125 (3.9) 3.9 (2.8, 54) <.001 95 (6.7) 2 (1.5, 3.1) <.001 10551 (1.2) 13.1 (10.0, 17.1) <.001
Depression 129 (28.7) 366 (11.3) 3.1 (2.5, 4.0) <.001 194 (13.8) 5 (2.0, 3.3) <.001 21672 (2.4) 161 (13.1, 19.8)  <.001
Diabetes 136 (30.3) 424 (13.1) 2.9 (2.3, 3.6) <.001 353 (25.1) 3 (1.0, 1.6) .03 50118 (5.6) 3 (5.9, 8.9) <.001
Congestive heart failure 2 (11.6) 95 (2.9) 4.3 (3.0, 6.1) <.001 97 (6.9) 1 8 (1.2, 2.5) .001 11040 (1.2) 104 (7.8, 13.9) <.001
Chronic hepatitis B 0 (0) 0 (0) 0 (0) 49 (0)
Chronic hepatitis C 5 (18.9) 76 (2.4) 7 (7.0, 13.4) <.001 54 (3.8) 5.9 (4.1, 8.4) <.001 6182 (0.7) 333 (26.3,423) <.001
HIV 122 (27.2) 111 (3.4) 10 5(7.9,13.9) <.001 63 (4.5) 8.0 (5.7, 11.1)  <.001 7923 (0.9) 415 (33.6, 51.1) <.001
Hyperlipidemia 157 (35.0) 692 (21.5) 0 (1.6, 2.4) <.001 502 (35.6) 1.0 (0.8, 1.2) .80 61150 (6.9) 7.3 (5.6, 8.8) <.001
Hypertension 248 (55.2) 915 (28.4) 1 (2.5, 3.8) <.001 654 (46.4) 14 (1.2, 1.8) .001 97154 (10.9) 10.0 (8.3, 12.1) <.001
Ischemic heart disease 7 (19.4) 146 (4.5) 1 (3.8, 6.8) <.001 127 (9.0) 24 (1.8, 2.2) <.001 16214 (1.8) 12.9 (10.2, 16.3) <.001
Osteoporosis 5 (5.6) 57 (1.8) 3 (2.0, 5.3) <.001 58 (4.1) 1.4 (0.8, 2.2) .19 4579 (0.5) 11.4 (7.6, 17.1) <.001
Schizophrenia 1 (2.4) 37 (1.1) 2 (1.1, 4.3) <.001 21 (1.5) 1.7 (0.8, 3.5) 17 4063 (0.5) 5.5 (3.0, 10.0) <.001
Stroke 8 (4.0) 36 (1.1) 7 (2.1, 6.6) .02 32 (2.3) 1.8 (1.0, 3.2) .05 5212 (0.6) 7.1 (44, 11.3) <.001
Inflammatory bowel 2 (0.4) 16 (0.5) 9 (0.21, 3.9) .89 8 (0.2) 79 (1.7,37.2) .002 1055 (0.1) 3.8 (0.9, 15.1) .04
disease

Atopic dermatitis 57 (12.7) n/a n/a <.001 8 (4.1) 34 (2.3, 5.0 <.001 3225 (0.4) 39.9 (30.2, 52.8) <.001

Data are for patients of all races age 18 years or older, including 449 patients with PN, 3225 patients with AD, 1449 patients with psoriasis, and 888,423 patients in the general population.

AD, Atopic dermatitis; COPD, chronic obstructive pulmonary disease; JHHS, Johns Hopkins Health System; n/a, not applicable; OR, odds ratio; PN, prurigo nodularis.
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Supplemental Table III. Absolute number, percentage, odds ratios, and P values of white patients age 18 years and older with PN and various comorbid
conditions, as compared with race-matched controls age 18 years and older with AD, with psoriasis, or within the general population who were seen at the
JHHS over the past 5 years

General
Comorbidity PN, n (%) AD, n (%) OR (95% CI) P value Psoriasis, n (%) OR (95% CI) P value population, n (%) OR (95% CI) P value
Alzheimer disease 1(0.3) 11 (0.3) 0.81 (0.10, 6.3) .84 72 (0.7) 4 (0.1, 2.7) 3 5063 (0.2) 3 (0.2, 9.4) .78
Osteoarthritis 92 (24.2) 562 (16.6) 6 (1.2, 2.1) <.001 2559 (25.2) 9 (0.7, 1.2) .67 100465 (4.0) 7 (6.1, 9.8) <.001
Rheumatoid arthritis 7 (1.8) 36 (1.1) 7 (0.8, 3.9) .18 287 (2.8) 6 (0.3, 1.4) 25 5639 (0.2) 8.4 (4.0, 17.8) <.001
Asthma 51 (13.4) 540 (16.0) 8 (0.6, 1.1) .19 922 (9.1) 6 (1.1, 2.1) .004 46613 (1.8) 3(6.2, 11.1) <.001
Atrial fibrillation 27 (7.1) 124 (3.7) 0 (1.3, 3.1) .001 631 (6.2) 2 (0.8, 1.7) A48 44010 (1.7) 3 (2.9, 6.4) <.001
Autism spectrum 0 (0) 18 (0.5) 7 (0.1) 1045 (0)

disorders
Breast cancer 2 (0.5) 4 (0.1) 4.5 (0.8, 24.5) .06 30 (0.3) 1.8 (0.4, 7.5) 42 3337 (0.1) 4.0 (1.0, 16.1) .03
Colorectal cancer 0 (0) 1(0) 4 (0) 611 (0)
Lung cancer 0 (0) 3(0.1) 12 (0.1) 1235 (0)
Prostate cancer 0 (0) 2 (0.1) 5(0) 232 (0)
Chronic kidney disease 38 (10.0) 120 (3.6) 0 (2.1, 4.4) <.001 561 (5.5) 9(1.3,27) <.001 24954 (1.0) 11.2 (8.0, 15.6) <.001
COPD 40 (10.5) 144 (4.3) 6 (1.8, 3.8) <.001 643 (6.3) 7 (1.2, 2.4) .001 29592 (1.2) 10.0 (7.2, 13.8) <.001
Depression 85 (22.4) 359 (10.6) 24 (1.9 3.2) <.001 1210 (11.9) 1(1.7,2.7) <.001 58558 (2.3) 12 2 (9.6, 15.5) <.001
Diabetes 71 (18.7) 289 (8.6) 5(1.8, 3.3) <.001 1601 (15.8) 2 (0.9, 1.6) 12 79837 (3.1) 1 (5. 5 9.1) <.001
Congestive heart failure 34 (8.9) 97 (2.9) 3 (2.2, 5.0 <.001 426 (4.2) 2 2 (1.6, 3.2) <.001 22748 (0.9) 109 (7.6, 15.4) <.001
Chronic hepatitis B 0 (0) 0 (0) 1 (0) 33 (0)
Chronic hepatitis C 17 (4.5) 17 (0.5) 3 (4.7, 18.3) <.001 118 (1.2) 4.0 (2.4, 6.7) <.001 5307 (0.2) 22.3 (13.7, 36.3) <.001
HIV 8 (2.1) 7 (0.2) 104 (3.7, 28.7) <.001 56 (0.6) 3.9 (1.8, 8.2) <.001 3063 (0.1) 17.8 (8.8, 35.8) <.001
Hyperlipidemia 138 (36.3) 974 (28.8) 4 (1.1, 1.8) .002 3928 (38.6) 0.9 (0.7, 1.1) .36 190348 (7.5) 7.0 (5.7, 8.7) <.001
Hypertension 147 (38.7) 887 (26.2) 8 (14,22 <.001 3612 (35.5) 1.1 (0.9, 1.4) 21 190739 (7.5) 7.8 (6.3, 9.5) <.001
Ischemic heart disease 41 (10.8) 139 (4.1) 8 (2.0, 4.1) <.001 717 (7.1) 1.6 (1.1, 2.2) .006 38348 (1.5) 7.9 (5.7, 10.9) <.001
Osteoporosis 31 (8.2) 181 (5.4) 6 (1.1, 2.3) .02 587 (5.8) 1.4 (01.0, 2.1) .05 27906 (1.1) 8.0 (5.5, 11.5) <.001
Schizophrenia 2 (0.5) 7 (0.2) 5 (0.5, 12.3) 23 38 (0.4) 1.4 (0.3, 5.9) 64 2245 (0.1) 6.0 (1.5, 24.0) .004
Stroke 13 (3.4) 42 (1.2) 8 (1.5, 5.3) <.001 168 (1.5) 2.1 (1.2, 3.7) .009 10557 (0.4) 8.5 (4.9, 14.7) <.001
Inflammatory bowel 6 (1.6) 36 (1.1) 1 45 (0.6, 3.6) 37 147 (1.4) 1 (0.5, 2.5) .83 5396 (0.2) 7.5 (3.4, 16.9) <.001
disease

Atopic dermatitis 30 (7.9) n/a n/a n/a 155 (1.5) 5.5 (3.7, 8.3) <.001 3380 (0.1) 64.2 (44.2,93.4) <.001

Data are for patients of all races age 18 years or older, including 380 patients with PN, 3380 patients with AD, 10,165 patients with psoriasis, and 2,355,218 patients in the general population.
AD, Atopic dermatitis; COPD, chronic obstructive pulmonary disease; JHHS, Johns Hopkins Health System; n/a, not applicable; OR, odds ratio; PN, prurigo nodularis.
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