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Abstract

Background Psoriasis is associated with metabolic syndrome; however, the relationship of psoriasis severity with individual
cardiometabolic risk factors is not clear. There is a reporting gap between the cardiometabolic risks among patients with
psoriasis and what has been reported in the literature using US samples.

Objectives The objective of this study was to examine the disease burden of psoriasis and assess the associations of psoriasis
severity and cardiometabolic risk factors in a nationally representative sample.

Methods We conducted a cross-sectional study using the weighted pooled data from the National Ambulatory Medical Care
Survey (NAMCS) 2007 through 2016. The NAMCS data were collected from US office-based physicians. Each physician
was randomly assigned a specific week to report a sample of their cases. Patients were categorized as severe psoriasis if
they were prescribed at least one systemic therapy. We used logistic regression models adjusting for potential confounders
to estimate the associations of psoriasis severity with individual cardiometabolic factors.

Results There were about 3.3 million office-based psoriasis visits per year with a mean age of 50 years, a female-to-male
ratio of 1:1, and severe disease in 23%. We observed greater values of blood pressure, lipid profiles, and higher body mass
index among patients with psoriasis, compared with patients without psoriasis. A higher proportion of the psoriasis patient
group were overweight and obese (73.6% vs 62.9% in the non-psoriasis patient group). Compared to mild case groups, severe
case groups tended to have a higher proportion of overweight/obese with a body mass index > 25 kg/m? (77% vs 73%).
Obesity was weakly associated with psoriasis severity (adjusted odds ratio = 1.37, 95% confidence interval 0.98-1.91 for
mild disease and adjusted odds ratio = 1.42, 95% confidence interval 0.80-2.52 for severe cases).

Conclusions Cardiometabolic factors are related health issues in psoriasis, and obesity is associated with greater psoriasis
severity.

Key Points

Obesity and metabolic syndrome are critical health prob-
lems in the USA and even more serious issues among
patients with psoriasis.

D4 Steven R. Feldman The psoriasis population was more likely to have
sfeldman@wakehealth.edu elevated blood pressure, dyslipidemia, and higher body

Department of Epidemiology, Fielding School of Public mass index than the non-psoriasis population.

Health, University of California, Los Angeles (UCLA),

Los Angeles, CA, USA Obesity is associated with greater psoriasis severity.

Department of Dermatology, School of Medicine, Wake
Forest University, Winston-Salem, NC, USA

College of Health and Public Service, University of North
Texas, Denton, TX, USA

Department of Dermatology, Social Sciences and Health
Policy, and Pathology, School of Medicine, Wake Forest
University, Winston-Salem, NC 27101, USA

Published online: 28 April 2021 A\ Adis


http://orcid.org/0000-0001-8713-8413
http://orcid.org/0000-0002-0090-6289
http://crossmark.crossref.org/dialog/?doi=10.1007/s40257-021-00600-z&domain=pdf

I.C.Linetal

1 Introduction

Psoriasis is a chronic inflammatory skin disorder and
involves multiple organ systems [1], which may complicate
the treatment course and induce further morbidity and mor-
tality. Although rates of comorbidities such as obesity, dys-
lipidemia, and metabolic syndrome are increased in patients
with psoriasis relative to the general public [2-6], the rela-
tionship between psoriasis severity and each cardiometabolic
factor specifically was seldom studied [7].

The US prevalence of psoriasis has increased [8];
2009-10 estimates put the prevalence among adults at about
3.2% [9, 10]. Among patients with psoriasis, about a quar-
ter were severe cases, defined as > 10% body surface area
involvement [11], and 10-15% were treated with biologics
[12, 13]. In a claims-based study, the most prevalent car-
diometabolic comorbidities among patients with psoriasis
were hyperlipidemia, hypertension, diabetes mellitus, and
obesity [12]. However, most published studies used medical
codes rather than laboratory values to identify comorbidi-
ties. A UK study demonstrated a dose-dependent relation-
ship between psoriasis severity and the metabolic syndrome
(adjusted odds ratio [aOR] = 1.22 for mild, aOR = 1.56 for
moderate, and aOR = 1.98 for severe disease), using body
mass index (BMI) [> 30 kg/m?] to measure obesity [7]. A
meta-analysis observed a positive association between pso-
riasis and obesity by BMI (odds ratio [OR] = 1.73) and by
abdominal obesity (waist circumference > 102 cm in men
and > 88 cm in women, OR = 1.76) [5]. Another meta-
analysis reported a dose—response relationship of obesity
comparing patients with mild and severe psoriasis with
non-psoriasis controls (OR = 1.46 in mild cases and OR
= 2.23 in severe cases) [14]. However, the only US-based
study included in both analyses was a hospital-based study
in 2002 [15], and the high prevalence of obesity in the USA
would suggest the need for additional studies. Although the
association of obesity and psoriasis was confirmed in two
US nationally representative datasets [16], the relationship
of disease severity and obesity was not evaluated.

In the most recent, large-scale US prevalence study of
psoriasis and metabolic syndrome from the National Health
and Nutrition Examination Survey (NHANES; 2003-6),
psoriasis was positively associated with the metabolic syn-
drome (aOR = 1.96) [17]. According to the joint Ameri-
can Academy of Dermatology-National Psoriasis Foun-
dation guideline of caring for patients with psoriasis with
comorbidities, dermatologists should be more active with
regard to referring patients to other healthcare providers,
such as intern medicine specialists or dietitians, to improve
patients’ health and prevent future comorbidities and mortal-
ity [18]. There is a need for an updated understanding of the
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associations of each cardiometabolic parameter and psoriasis
severity using nationally representative data.

In this study, we used data from the National Ambula-
tory Medical Care Survey (NAMCS) to assess the burden of
psoriasis in the USA and the association of psoriasis severity
with individual cardiometabolic parameters, including BMI,
systolic and diastolic blood pressure (SBP/DBP), mean arte-
rial pressure, fasting sugar level, glycohemoglobin (HbAlc),
total cholesterol level, triglyceride (TG) level, low-density
lipoprotein cholesterol (LDL-C), and high-density lipopro-
tein cholesterol (HDL-C). Although it had been reported
that cardiometabolic comorbidities are prevalent among the
psoriasis population from studies using a large database in
Europe and a meta-analysis and the severity of psoriasis
was associated with a higher cardiovascular risk assessed
by scoring systems from hospital-based studies [19, 20], we
hypothesized that obesity and metabolic syndrome are truly
nonignorable and persistent issues among patients with pso-
riasis in the USA and cardiometabolic factors are related to
the severity of psoriasis.

2 Methods
2.1 Study Design and Population

The NAMCS has been conducted by the US National Center
for Health Statistics annually since 1989. The survey is
designed to provide an objective estimation of the ambula-
tory medical care visits to US office-based physicians. The
NAMCS data were collected from physicians, increasing the
accuracy and precision compared with patient-based sur-
veys. Physicians were grouped into sampling strata accord-
ing to their specialties, doctor type, practice type, and met-
ropolitan statistical area location. Subsamples were further
randomly assigned to the 52 weeks in the specific year, e.g.,
each physician was randomly assigned a specific week to
report a sample of their cases. Physicians were suggested to
keep a daily patient list during the assigned reporting week.
Visits were selected from the list by using a random start
and a predetermined sampling interval, to obtain a system-
atic random sample of visits. The sampling procedures were
designed based on the physician’s estimated visits and the
number of working days for the week, therefore approxi-
mately 30 records would be completed during the assigned
reporting week. We conducted a cross-sectional study of
NAMCS data from 1 January, 2007 through 31 December,
2016 (dataset available from CDC: ftp://ftp.cdc.gov/pub/
Health_Statistics/NCHS/dataset_documentation/namcs/
stata). There were 508,000 unweighted observations (visits
collected during the study period) representing an estimated
977 million visits per year.


ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/dataset_documentation/namcs/stata
ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/dataset_documentation/namcs/stata
ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/dataset_documentation/namcs/stata
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2.2 Ascertainment of Psoriasis and Severity
of Psoriasis

Psoriasis and treatment were defined by diagnostic codes
(Table 1 of the Electronic Supplementary Material [ESM]).
The control group reflects the population who had used out-
patient healthcare services in the USA and did not have a
psoriasis diagnosis at that specific visit. The control group
may have had other chronic diseases. Our aim in this paper
focused on cardiometabolic factors in psoriasis, therefore we
did not perform a subgroup analysis by diagnosis. Medica-
tions in NAMCS were classified by the Multum Lexicon
Plus system [21]. Systemic treatments for psoriasis were
categorized into (1) phototherapy; (2) older systemic thera-
pies, including methotrexate, cyclosporine, and acitretin; and
(3) biologics, including adalimumab, etanercept, infliximab,
ustekinumab, and secukinumab. We used therapy modalities
as a proxy to define the severity of the disease as previously
described [22]: patients with a diagnosis of psoriasis were
categorized as severe cases if they were prescribed at least
one systemic therapy; otherwise they were considered to
have mild disease.

2.3 Biomarkers of Cardiometabolic Disorders

We analyzed demographic factors and cardiometabolic
parameters, including BMI, SBP, DBP, mean arterial pres-
sure, fasting sugar level, HbAlc, total cholesterol level,
TG, LDL-C, and HDL-C. Body mass index categories were
based on World Health Organization criteria: (1) under-
weight, BMI < 18.5 kg/m?; (2) normal, 18.5 kg/m* < BMI
< 25 kg/m?; (3) overweight, 25 kg/m*> < BMI < 30 kg/m?;
(4) obese class I, 30 kg/m2 <BMI < 35 kg/mz; (5) obese
class II, 35 kg/m2 < BMI < 40 kg/mz; (6) obese class III,
BMI > 40 kg/m?. Because NAMCS lacks information on
waist circumference, we used criteria modified from the
National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP III) guideline as a proxy of the meta-
bolic syndrome, assuming people who meet two or more of
the following conditions have metabolic syndrome: (1) SBP
> 130 mmHg or DBP > 85 mmHg; (2) TG > 150 mg/dL; (3)
HDL-C < 40 mg/dL in male subjects or HDL-C < 50 mg/dL.
in female subjects; or (4) fasting glucose level > 100 mg/dL.

2.4 Statistical Analysis

To obtain a representative national estimate, we weighted
the sampled visit by the inverse of the selection probabilities,
which also accounted for survey nonresponse, geographic
region, and metropolitan statistical area location. Sampling
errors were determined using STATA (Version 15.0).

To compare demographic distributions, Chi-square tests
were used for categorical variables and ¢ tests were used

for continuous variables. We used logistic regression mod-
els to estimate the association between psoriasis and car-
diometabolic factors, adjusting for potential confounders,
such as sex, age, region of residency, race/ethnicity, and
smoking, to obtain ORs and their corresponding 95% con-
fidence intervals. The decision on variables for adjustment
was based on the literature [1, 3, 7]. Sex, age, region of
residency, race/ethnicity, and smoking were the covariates
included in the final model for the logistic regression analy-
sis of metabolic syndrome and BMI. For each element of
metabolic syndrome, estimates were adjusted for sex, age,
BMI, and all other parameters in the metabolic syndrome,
to independently determine the effect of each parameter
on disease severity, according to the methods described in
the literature [7]. For SBP, DPB, HbAlc, total cholesterol,
and LDL-C, adjustments were on sex and age. Because of
potential biases caused by missing data, we used multiple
imputation for missing values, assuming that missing is at
random [23]. The number of imputed datasets created in the
multiple imputation model was five, with BMI, SBP, DBP,
total cholesterol level, LDL-C, HDL-C, TG, HbA1C, fast-
ing sugar level, and tobacco use included in the analyses.
The summary of the imputed dataset was shown in Table 2
of the ESM. For imputed data analyses, effect estimates for
all cardiometabolic parameters were adjusted for sex, age,
region of residency, race/ethnicity, and smoking, while fac-
tors under the umbrella of metabolic syndrome, including
SBP/DBP, TG, HDL-C, and fasting sugar level, were also
adjusted for BMI and all other cardiometabolic parameters
within the criteria of metabolic syndrome.

3 Results

There were an estimated 3.3 million office visits with the
diagnosis of psoriasis annually. The mean age of patients
with psoriasis was 50 years, with a female-to-male ratio of
nearly 1:1 (Table 1). Compared to non-psoriatic controls,
a higher proportion of patients with psoriasis was middle-
aged (40.8% vs 29.7%, p < 0.0001), non-Hispanic White
(79.9% vs 70.8%, p < 0.0001), and living in the Midwest
(27.2% vs 19.7%, p = 0.001). Body mass index was higher in
psoriasis patients across the 10 years of observation (Fig. 1
of the ESM), with differences in the 10-year-average (29.9
kg/m? vs 27.7 kg/m?). Metabolic syndrome was more com-
mon in psoriasis visits than in non-psoriasis visits (8.5% vs
6.2%). Although not statistically significant, we observed
trends toward greater total cholesterol, LDL-C, and TG lev-
els among patients with psoriasis compared with patients
without psoriasis (Fig. 2 of the ESM).

Approximately 762,000 visits by patients with psoriasis
(23%) were by patients with severe psoriasis. Among them,
biologics were the most frequently (56%) used treatments
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Table 1 Demographic distribution of samples from the National Ambulatory Medical Care Survey, 2007-2016

Psoriasis Without psoriasis Overall

(n/year = 3,270,590; (n/year = 973,914,383; (n/year = 977,184,973)
SE = 194,657) SE =22,331,823)

Sex, n/year (%)

Female

Male

Age, years

Mean (SE)

Age groups, years, n/year (%)
Under 15

15-24

25-44

45-64

65-74

75 and over
Race/ethnicity, n/year (%)
Non-Hispanic White
Non-Hispanic Black
Hispanic

Non-Hispanic other”

Geographic regions, n/year (%)®

Northeast

Midwest

South

West

Height, cm

Mean (SE)

Weight, kg

Mean (SE)

BMI, kg/m?

Mean (SE)

BMI category, n/year (%)*
Underweight

Normal range

Overweight

Obese class I

Obese class 11

Obese class 111

SBP

Mean, mmHg (SE)

SBP > 120 mmHg, n/year (%)
DBP

Mean, mmHg (SE)

DBP > 80 mmHg, n/year (%)
MAP

Mean, mmHg (SE)

MAP > 100 mmHg, n/year (%)
Fasting sugar level

Mean, mg/dL (SE)

> 100 mg/dL, n/year (%)

1,651,537 (50.5)
1,619,053 (49.5)

50.2 (0.90)

176,185 (5.4)
204,956 (6.3)
746,248 (22.8)

1,334,920 (40.8)
475,351 (14.5)
332,930 (10.2)

2,612,647 (79.9)
236,213 (7.2)
327,068 (10.0)

94,662 (2.9)

581,247 (17.8)
888,170 (27.2)
1,104,383 (33.8)
696,791 (21.3)

168.4 (1.04)

84.5 (1.94)

29.9 (0.65)

36,995 (3.3)
261,970 (23.1)
330,843 (29.2)
202,674 (17.9)
175,543 (15.5)
123,981 (11.0)

127 (1.0)
1,032,332 (73.2)

77 (0.6)
680,711 (48.3)

94 (0.6)
368,698 (26.2)

111 (5.5)
110,699 (51.4)

569,386,069 (58.5)
404,528,314 (41.5)

45.9 (0.24)

153,512,588 (15.8)
74,627,041 (7.7)
192,581,949 (19.8)
289,320,834 (29.7)
136,462,447 (14.0)
127,409,523 (13.1)

689,790,438 (70.8)

102,322,487 (10.5)

129,807,794 (13.3)
51,993,664 (5.3)

191,250,705 (19.6)
191,951,128 (19.7)
367,474,501 (37.7)
223,238,048 (22.9)

158.4 (0.25)

71.8 (0.26)

27.7 (0.06)

44,474,537 (9.1)

136,307,571 (28.0)

143,499,458 (29.5)
88,563,782 (18.2)
41,771,662 (8.6)
32,518,639 (6.7)

124 (0.1)
385,553,010 (62.2)

75 (0.1)
227,296,532 (36.7)

91 (0.1)
134,915,452 (21.8)

111 (0.5)
34,491,121 (46.1)

571,037,605 (58.4)
406,147,368 (41.6)

45.9 (0.23)

153,688,774 (15.7)
74,831,997 (1.7)
193,328,196 (19.8)
290,655,754 (29.8)
136,937,798 (14.0)
127,742,453 (13.1)

692,403,085 (70.9)

102,558,700 (10.5)

130,134,862 (13.3)
52,088,326 (5.3)

191,831,952 (19.6)
192,839,298 (19.7)
368,578,884 (37.7)
223,934,839 (22.9)

158.4 (0.25)

71.9 (0.26)

27.7 (0.06)

44,511,532 (9.1)

136,569,541 (28.0)

143,830,301 (29.5)
88,766,456 (18.2)
41,947,205 (8.6)
32,642,620 (7.7)

124 (0.1)
386,585,342 (62.2)

75 (0.1)
227,977,242 (36.7)

91 (0.1)
135,284,150 (21.8)

111 (0.5)
34,601,819 (46.1)
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Table 1 (continued)

Psoriasis

(nlyear = 3,270,590;

Without psoriasis
(nlyear = 973,914,383;

Overall
(nlyear = 977,184,973)

SE = 194,657) SE = 22,331,823)
HbAlc
Mean, % (SE) 6.6 (0.31) 6.5 (0.05) 6.6 (0.05)
HbAlc > 6.5%, n/year (%) 37,049 (44.1) 11,965,810 (37.5) 12,002,859 (37.5)
Total cholesterol
Mean, mg/dL (SE) 196 (7.9) 181 (0.5) 181 (0.5)

> 200 mg/dL, n/year (%)

LDL-C

Mean, mg/dL (SE)

LDL-C > 70 mg/dL, n/year (%)
HDL-C

Mean, mg/dL (SE)

Female subjects < 50 mg/dL, n/year (%)
Male subjects < 40 mg/dL, n/year (%)
TG

Mean, mg/dL (SE)

TG > 150 mg/dL, n/year (%)
Metabolic syndrome proxy, n/year (%)%
Yes

No

Alcohol dependence, n/year (%)

Yes

No

Tobacco use, n/year (%)

Current

Never or not current

Past medical history, n/year (%)
Diabetes mellitus

Hypertension

Hyperlipidemia

Obesity

CAD, IHD, or MI

95,166 (42.6)

112 (7.8)
173,570 (85.6)

48 (2.7)
43,131 (45.2)
44,813 (37.1)

165 (17.4)
89,880 (40.9)

121,932 (8.5)
1,314,498 (91.5)

6,989 (0.7)
973,906 (99.3)

443,026 (20.6)
1,710,360 (79.4)

309,397 (9.5)
762,591 (23.3)
408,962 (12.5)
227,099 (6.9)
111,511 (3.4)

24,116,790 (30.3)

103 (0.4)
64,040,397 (83.5)

53(0.2)
16,141,664 (37.3)
11,276,284 (32.7)

138 (0.9)
24,596,727 (31.9)

38,473,802 (6.2)
587,136,651 (93.9)

2,273,606 (0.8)
278,522,376 (99.2)

91,456,912 (12.7)
626,214,822 (87.3)

117,960,629 (12.1)

267,766,591 (27.5)

165,460,521 (17.0)
71,737,546 (7.4)
45,504,275 (4.7)

24,211,956 (30.4)

103 (0.4)
64,213,967 (83.5)

53(0.2)
16,184,795 (37.3)
11,321,097 (32.7)

138 (0.9)
24,686,607 (31.9)

38,595,735 (6.2)
588,451,150 (93.8)

2,280,596 (0.8)
279,496,282 (99.2)

91,899,938 (12.4)
627,925,182 (87.2)

118,270,027 (12.1)

268,529,182 (27.5)

165,869,483 (17.0)
71,964,645 (7.4)
45,615,786 (4.7)

BMI body mass index, CAD coronary artery disease, DBP diastolic blood pressure, HbAIc hemoglobin Alc, HDL-C high-density lipoprotein-
cholesterol, /HD ischemic heart disease, LDL-C low-density lipoprotein-cholesterol, MAP mean arterial pressure, MI myocardial infarction, SBP
systolic blood pressure, SE standard error, 7G triglyceride

*Non-Hispanic other includes Asian, multiple races, and native Hawaiian/other Pacific Islander

bGeographic regions: (1) Northeast: Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island,
Vermont; (2) Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, Wiscon-
sin; (3) South: Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Caro-
lina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, West Virginia; (4) West: Arizona, California, Colorado, Idaho, Montana, Nevada,
New Mexico, Oregon, Utah, Washington, Wyoming, Alaska, Hawaii
°BMI category: (1) underweight, BMI < 18.5 kg/m%; (2) normal range, 18.5 kg/m* < BMI < 25 kg/m?; (3) overweight, 25 kg/m? < BMI < 30
kg/m?; (4) obese class I, 30 kg/m* < BMI < 35 kg/m?; (5) obese class II, 35 kg/m? < BMI < 40 kg/m?; (6) obese class III, BMI > 40 kg/m?

dMetabolic syndrome proxy: two or more conditions in (1) SBP > 130 mmHg or DBP > 85 mmHg, (2) TG > 150 mg/dL, (3) HDL-C < 40 mg/
dL in male subjects, or HDL-C < 50 mg/dL in female subjects, or (4) fasting glucose level > 100 mg/dL

(Table 3 of the ESM). Demographic factors, such as the
estimated mean age and the distribution of sex and race,
were not different between severe and mild cases (Table 2).
There were more people who received healthcare for severe

psoriasis living in the Midwest (36% vs 24%). Compared
with mild case groups, severe case groups tended to have a
higher proportion of patients who were middle-aged (53%
vs 37%), overweight and obese (77% vs 73%), with higher
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Table 2 Demographic distribution of psoriatic samples from the National Ambulatory Medical Care Survey, 2007-2016

Mild cases Severe cases P-value

(n/year = 2,508,091; (n/year = 762,499;

SE = 160,383) SE = 70,827)
Sex, n/year (%) 0.2
Female 1,300,222 (51.8) 351,315 (46.1)
Male 1,207,869 (48.2) 411,184 (53.9)
Age, years
Mean (SE) 49.9 (1.12) 51.5(1.09) 0.3
Age groups, years, n/year (%) 0.0001*
Under 15 168,213 (6.7) 176,185 (1.1) <0.0001*
15-24 182,349 (7.3) 204,956 (3.0) 0.009
25-44 558,120 (22.3) 746,248 (24.7) 0.5
45-64 932,878 (37.2) 1,334,920 (52.7) <0.0001*
65-74 377,790 (15.1) 475,351 (12.8) 0.5
75 and over 288,741 (11.5) 332,930 (5.8) 0.067
Race/ethnicity, n/year (%) 0.8
Non-Hispanic White 1,992,238 (79.4) 620,409 (81.4) 0.6
Non-Hispanic Black 190,012 (7.6) 46,201 (6.1) 0.5
Hispanic 248,334 (9.9) 78,734 (10.3) 0.9
Non-Hispanic other® 77,507 (3.1) 17,155 (2.3) 0.4
Geographic regions, n/year (%)" 0.012%*
Northeast 474,954 (18.9) 106,293 (13.9) 0.1
Midwest 611,075 (24.4) 277,094 (36.3) 0.007*
South 896,097 (35.7) 208,285 (27.3) 0.052
West 525,964 (21.0) 170,826 (22.4) 0.7
Height, cm
Mean (SE) 167.8 (1.23) 170.9 (1.36) 0.077
Weight, kg
Mean (SE) 83.1 (2.40) 89.9 (2.62) 0.060
BMI, kg/m?
Mean (SE) 30.0 (0.06) 29.5 (0.65) 0.7
BMI category, n/year (%)* 0.3
Underweight 35,140 (3.9) 1856 (0.8) 0.051
Normal range 211,325 (23.3) 50,645 (22.5) 0.9
Overweight 261,632 (28.8) 69,211 (30.8) 0.8
Obese class I 140,584 (15.5) 62,090 (27.6) 0.073
Obese class 11 149,146 (16.4) 26,397 (11.8) 0.6
Obese class III 109,510 (12.1) 14,471 (6.4) 0.2
SBP
Mean, mmHg (SE) 126 (1.2) 128 (1.7) 0.3
SBP > 130 mmHg, n/year (%) 425,696 (38.5) 141,392 (46.3) 0.3
DBP
Mean, mmHg (SE) 76 (0.8) 80 (1.0) 0.012*
DBP > 85 mmHg, n/year (%) 189,908 (17.2) 75,741 (24.9) 0.2
MAP
Mean, mmHg (SE) 93 (0.8) 96 (1.1) 0.045*
MAP > 100 mmHg, n/year (%) 263,824 (23.9) 104,874 (34.5) 0.1
Fasting sugar level
Mean, mg/dL (SE) 105 (4.7) 132 (13.9) 0.060
> 100 mg/dL, n/year (%) 74,932 (45.1) 35,767 (72.6) 0.1

HbAlc
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Table 2 (continued)

Mild cases Severe cases P-value
(n/year = 2,508,091; (nlyear = 762,499;
SE = 160,383) SE =70,827)
Mean, % (SE) 6.8 (0.38) 6.1 (0.30) 0.1
HbAlc > 6.5%, n/year (%) 32,254 (53.3) 4794 (20.4) 0.1
Total cholesterol
Mean, mg/dL (SE) 203 (7.0) 155 (22.4) 0.043*
> 200 mg/dL, n/year (%) 86,506 (45.7) 8660 (25.4) 0.3
LDL-C
Mean, mg/dL (SE) 117 (8.0) 86 (18.0) 0.1
LDL-C > 100 mg/dL, n/year (%) 102,340 (59.3) 5732 (19.0) 0.028*
HDL-C
Mean, mg/dL (SE) 49 (2.8) 42 (5.6) 0.2
Female < 50 mg/dL, n/year (%) 36,077 (43.0) 7054 (62.0) 0.4
Male < 40 mg/dL, n/year (%) 32,783 (32.1) 12,030 (64.3) 0.3
TG
Mean, mg/dL (SE) 172 (19.5) 124 (24.6) 0.1
TG > 150 mg/dL, n/year (%) 85,241 (45.6) 4640 (14.0) 0.029*
Metabolic syndrome proxy, n/year (%)% 0.3
Yes 104,947 (9.4) 16,985 (5.4)
No 1,014,703 (90.6) 299,795 (94.6)
Alcohol dependence, n/year (%) 0.3
Yes 6426 (0.8) 563 (0.3)
No 752,071 (99.2) 221,836 (99.7)
Tobacco use, n/year (%) 0.2
Current 314,648 (19.3) 128,378 (24.5)
Never or not current 1,315,292 (80.7) 395,068 (75.5)
Past medical history, n/year (%)
Diabetes mellitus 213,661 (8.5) 95,737 (12.6) 0.1
Hypertension 556,494 (22.2) 206,097 (27.0) 0.2
Hyperlipidemia 338,999 (13.5) 69,963 (9.2) 0.1
Obesity 164,629 (6.6) 62,470 (8.2) 0.5
CAD, IHD, or MI 105,649 (4.2) 5862 (0.8) 0.015*

BMI body mass index, CAD coronary artery disease, DBP diastolic blood pressure, HbAIc hemoglobin Alc, HDL-C high-density lipoprotein-
cholesterol, /HD ischemic heart disease, LDL-C low-density lipoprotein-cholesterol, MAP mean arterial pressure, MI myocardial infarction, SBP
systolic blood pressure, SE standard error, 7G triglyceride, *p < 0.05, statistically significant

*Non-Hispanic other includes Asian, multiple races, and native Hawaiian/other Pacific Islander

bGeographic regions: (1) Northeast: Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island,
Vermont; (2) Midwest: Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, Wiscon-
sin; (3) South: Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Caro-
lina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, West Virginia; (4) West: Arizona, California, Colorado, Idaho, Montana, Nevada,
New Mexico, Oregon, Utah, Washington, Wyoming, Alaska, Hawaii

°BMI category: (1) underweight, BMI < 18.5 kg/m?%; (2) normal range, 18.5 kg/m? < BMI < 25 kg/m?%; (3) overweight, 25 kg/m?> < BMI < 30
kg/m?; (4) obese class I, 30 kg/m* < BMI < 35 kg/m?; (5) obese class II, 35 kg/m? < BMI < 40 kg/m?; (6) obese class III, BMI > 40 kg/m?

dMetabolic syndrome proxy: two or more conditions in (1) SBP > 130 mmHg or DBP > 85 mmHg, (2) TG > 150 mg/dL, (3) HDL-C < 40 mg/
dL in male subjects, or HDL-C < 50 mg/dL in female subjects, or (4) fasting glucose level > 100 mg/dL

DBP, mean arterial pressure, and fasting sugar levels, but  severity and psoriasis in mild cases but not in severe cases.
lower point estimates of HbAlc and lipid profiles. However, after controlling for possible confounders, the

In crude estimates for non-psoriasis as the controls, both  adjusted OR was close to the null, with increases only seen
severe cases and mild cases were more often overweight  in obese class III in the mild group vs non-psoriasis controls
or obese (Table 3). A correlation was observed for obesity (aOR = 2.38). When we dichotomized BMI at a cut-off point
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Table3 cOR and aOR from logistic regression models comparing mild cases and severe cases to non-psoriatic controls, samples from the
National Ambulatory Medical Care Survey, 2007-16

Mild Severe Mild Severe
cOR (95% CI) P-value cOR (95% CI) P-value aOR (95% CI) P-value aOR (95% CI) P-value
Metabolic syndrome 1.58 (1.02-2.44) 0.041* 0.86(0.29-2.61) 0.8 1.96 (1.25-3.07) 0.003* 0.45(0.15-1.32) 0.1
proxy”
SBP > 130 mmHg or DBP  1.08 (0.75-1.54) 0.7 1.44 (0.89-2.32) 0.1 0.51(0.23-1.12) 0.1 0.93 (0.08-10.87) 1.0
> 85 mmHg
Fasting sugar level > 100 0.96 (0.48-1.92) 0.9 3.11 (0.77-12.58) 0.1 1.60 (0.66-3.88) 0.3 0.91 (0.08-10.97) 0.9
mg/dL
HDL-C, female subjects < 1.08 (0.56-2.07) 0.8 3.19 (0.62-16.40) 0.2 0.51(0.19-1.38) 0.2 1.41 (0.12-16.56) 0.8
50 mg/dL or male subjects
< 40 mg/dL
TG > 150 mg/dL 1.79 (0.94-3.41) 0.077  0.35(0.08-1.51) 0.2 1.20 (0.51-2.82) 0.7 0.16 (0.03-1.05) 0.06
BMI category®
Underweight or normal Ref Ref Ref Ref
range
Overweight 1.34 (0.90-2.00) 0.2 1.66 (0.72-3.84) 0.2 1.13 (0.72-1.77) 0.6 1.36 (0.54-3.44) 0.5
Obese class I 1.16 (0.75-1.82) 0.5 241 (1.00-5.80) 0.049* 1.10(0.67-1.79) 0.7 1.89 (0.74-4.83) 0.2
Obese class 1T 2.62 (1.02-6.70) 0.045* 2.18(0.73-6.44) 0.2 1.50 (0.81-2.77) 0.2 1.41 (0.45-4.39) 0.6
Obese class 111 247 (1.43-4.26) 0.001* 1.53(0.50-4.67) 0.6 2.38 (1.32-4.29) 0.004* 1.41(0.40-5.96) 0.6
BMI > 30 kg/m? 1.56 (1.03-2.39) 0.038* 1.68 (1.03-2.76) 0.039* 1.37(0.98-1.91) 0.063  1.42(0.80-2.52) 0.2
SBP > 130 mmHg 1.06 (0.75-1.50) 0.7 1.46 (0.89-2.38) 0.1 1.02 (0.65-1.60) 0.9 1.39 (0.82-2.37) 0.2
DBP > 85 mmHg 1.12 (0.76-1.63) 0.6 1.78 (1.04-3.05)  0.035* 1.06 (0.72-1.58) 0.8 1.70 (0.99-2.91) 0.05
Fasting sugar level > 100  0.96 (0.48-1.92) 0.9 3.11 (0.77-12.58) 0.1 1.06 (0.54-2.08) 0.9 2.93(0.70-12.2) 0.1
mg/dL
HDL-C, female subjects 1.08 (0.56-2.07) 0.8 3.19 (0.62-16.40) 0.2 1.07 (0.55-2.08) 0.8 3.25(0.62-17.11) 0.2
< 50 mg/dL or male
subjects < 40 mg/dL.
TG > 150 mg/dL 1.79 (0.94-3.41) 0.077  0.35(0.08-1.51) 0.2 1.82 (0.96-3.43) 0.066  0.34 (0.07-1.57) 0.2
HbAlc > 6.5% 1.91 (0.78-4.65) 0.2 0.43 (0.06-2.95) 0.4 2.09 (0.86-5.09) 0.1 0.44 (0.06-3.13) 0.4
Total cholesterol > 200 1.94 (1.00-3.74) 0.05*  0.78 (0.18-3.37) 0.7 2.07 (1.05-4.09) 0.036* 0.86(0.21-3.52) 0.8
mg/dL
LDL-C > 100 mg/dL 1.43 (0.70-2.94) 0.3 0.23 (0.05-1.18)  0.08 1.36 (0.65-2.85) 0.4 0.22 (0.04-1.12)  0.07

aOR adjusted odds ratio, BMI body mass index, CI confidence interval, DBP diastolic blood pressure, HbAIc hemoglobin Alc, HDL-C high-
density lipoprotein cholesterol, LDL-C low-density lipoprotein-cholesterol, Ref reference, SBP systolic blood pressure, TG triglyceride, *p <

0.05, statistically significant

Logistic regression models: (1) metabolic syndrome proxy and BMI category, controlling for sex, age, race/ethnicity, geographic regions, and
tobacco use; (2) parameters under metabolic syndrome, controlling for sex, age, BMI, and all other parameters within metabolic syndrome; (3)
all cardiometabolic parameters except for metabolic syndrome proxy and BMI categories, controlling for sex and age

aBMI category: (1) underweight, BMI < 18.5 kg/m?; (2) normal range, 18.5 kg/m? < BMI < 25 kg/m?; (3) overweight, 25 kg/m? < BMI < 30
kg/mz; (4) obese class I, 30 kg/m2 <BMI < 35 kg/m2; (5) obese class 11, 35 kg/m2 <BMI <40 kg/mz; (6) obese class 111, BMI > 40 kg/m2

"Metabolic syndrome proxy: two or more conditions in (1) SBP > 130 mmHg or DBP > 85 mmHg, (2) TG > 150 mg/dL, (3) HDL-C < 40 mg/
dL in male subjects, or HDL-C < 50 mg/dL in female subjects, or (4) fasting glucose level > 100 mg/dL

of 30 kg/m? consistent with other studies to define obesity,
there was only a weak trend for disease severity and obesity.
We observed a positive association between the metabolic
syndrome, defined as meeting two or more conditions of the
NCEP ATP III guideline in this study, and mild psoriasis
(aOR = 1.96). Because the effect estimates of metabolic
syndrome were 1.58 (cOR) and 1.96 (aOR) for mild disease
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and 0.86 (cOR) and 0.45 (aOR) for severe disease, the direc-
tion of bias was toward the null. Among factors within the
metabolic syndrome, there was no single cardiometabolic
factor independently associated with disease severity in
adjusted analyses.

The results from the multiple imputation suggested a
dose-dependent relationship between obesity and psoriasis
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severity. Compared with non-psoriasis controls, both severe
case groups and mild case groups had higher proportions
of the metabolic syndrome. When controlling for poten-
tial confounders and all other parameters within metabolic
syndrome, TG was independently related to mild psoriasis,
but not severe psoriasis. Albeit not significant, DBP, fasting
glucose, HDL-C, total cholesterol, and LDL-C seem to be
positively related to psoriasis severity (Table 4).

Table 4 Samples with multiple imputation

4 Discussion

In this large national representative sample of US adults, we
found that obesity and metabolic syndrome are critical issues
in the general population and more serious among patients
with psoriasis. Although NAMCS data cannot directly esti-
mate psoriasis prevalence, these surveys, conducted across
10 years, provide updated statistics of comorbid conditions
across severity subgroups among all patients with psoriasis.

Mild Severe Mild Severe
cOR (95% CI)  P-value cOR (95% CI)  P-value aOR (95% CI)  P-value aOR (95% CI)  P-value
Metabolic syndrome proxy”  1.53 (1.04-2.24) 0.032* 1.54(0.99-2.37) 0.053  1.51(1.02-2.23) 0.039* 1.52(0.99-2.34) 0.054
SBP > 130 mmHg or DBP 1.29 (1.01-1.64) 0.042* 1.27(0.79-2.06) 0.3 1.03 (0.75-1.40) 0.9 0.98 (0.57-1.68) 0.9
> 85 mmHg
Fasting sugar level > 100 mg/  1.14 (0.84-1.55) 0.4 1.25 (0.87-1.81) 0.2 0.94 (0.70-1.27) 0.7 1.07 (0.73-1.57) 0.7
dL
HDL-C, female subjects < 50  1.30 (0.95-1.78) 0.09 1.33(0.57-3.13) 0.4 1.08 (0.74-1.56) 0.7 1.25 (0.45-3.45) 0.6
mg/dL or male subjects < 40
mg/dL
TG > 150 mg/dL. 1.69 (1.14-2.51) 0.013* 1.56 (0.89-2.73) 0.1 1.54 (1.02-2.31) 0.039* 1.40(0.70-2.80) 0.3
BMI category®
Underweight or normal range  Ref Ref Ref Ref
Overweight 1.30 (0.83-2.02) 0.2 1.38 (0.89-2.15) 0.2 1.21 (0.76-1.92) 0.4 1.22 (0.76-1.94) 0.4
Obese class 1 1.35(0.93-1.95) 0.1 1.79 (0.88-3.65) 0.1 1.24 (0.84-1.84) 0.3 1.56 (0.74-3.27) 0.2
Obese class II 2.29 (1.25-4.18) 0.01*  2.29(1.20-4.38) 0.014* 2.10(0.13-3.91) 0.023* 1.98 (1.01-3.89) 0.046*
Obese class IIT 2.38 (1.46-3.89) 0.002* 2.13(1.14-3.98) 0.018* 2.21(1.31-3.72) 0.006* 1.87 (0.98-3.58) 0.059
BMI > 30 kg/m? 1.59 (1.17-2.17) 0.006* 1.72 (1.11-2.66) 0.019* 1.50 (1.10-2.06) 0.015* 1.57 (1.00-2.48) 0.05

SBP > 130 mmHg
DBP > 85 mmHg

Fasting sugar level > 100
mg/dL

1.24 (0.96-1.60) 0.1
1.33 (1.00-1.77) 0.047*
1.14 (0.84-1.55) 0.4

1.28 (0.83-1.96) 0.2
1.50 (0.89-2.52) 0.1
1.25(0.87-1.81) 0.2

1.10 (0.81-1.49) 0.5
1.26 (0.95-1.69) 0.1
1.13 (0.83-1.54) 0.4

1.09 (0.67-1.75) 0.7
1.41 (0.83-2.37) 0.2
1.24 (0.86-1.79) 0.3

HDL-C, female subjects < 50 1.30 (0.95-1.78) 0.09 1.33 (0.57-3.13) 0.4 1.43 (1.02-1.99) 0.037* 1.56 (0.62-3.96) 0.3
mg/dL or male subjects <

40 mg/dL

TG > 150 mg/dL 1.69 (1.14-2.51) 0.013* 1.56 (0.89-2.73) 0.1 1.75 (1.18-2.60) 0.01*  1.63(0.93-2.84) 0.08

HbAlc > 6.5%

Total cholesterol > 200 mg/
dL

LDL-C > 100 mg/dL

0.90 (0.67-1.23) 0.5
1.27 (0.98-1.91) 0.06

0.90 (0.65-1.24) 0.5
1.43 (0.86-2.37) 0.1

0.91 (0.67-1.24) 0.5
1.42 (1.01-1.99) 0.044*

0.91 (0.66-1.26) 0.6
1.51(0.91-2.51) 0.1

1.15 (0.86-1.56) 0.3 1.19 (0.74-1.92) 0.4 1.19 (0.88-1.62) 0.2 1.25(0.78-2.01) 0.3

cOR and aOR from logistic regression models comparing mild cases and severe cases to non-psoriatic controls, the National Ambulatory Medi-
cal Care Survey, 2007-2016

aOR adjusted odds ratio, BMI body mass index, CI confidence interval, DBP diastolic blood pressure, HbAIc hemoglobin Alc, HDL-C high-
density lipoprotein-cholesterol, LDL-C low-density lipoprotein cholesterol, Ref reference, SBP systolic blood pressure, TG triglyceride, *p <
0.05, statistically significant

Logistic regression models: (1) all cardiometabolic parameters, controlling for sex, age, race/ethnicity, geographic regions, and tobacco use; (2)
parameters under metabolic syndrome, controlling for sex, age, race/ethnicity, geographic regions, BMI, and all other variables within metabolic
syndrome

3BMI category: (1) underweight, BMI < 18.5 kg/m% (2) normal range, 18.5 kg/m* < BMI < 25 kg/m?; (3) overweight, 25 kg/m? < BMI < 30
kg/m?; (4) obese class I, 30 kg/m? < BMI < 35 kg/m?; (5) obese class II, 35 kg/m* < BMI < 40 kg/m?; (6) obese class 111, BMI > 40 kg/m?
"Metabolic syndrome proxy: two or more conditions in (1) SBP > 130 mmHg or DBP > 85 mmHg, (2) TG > 150 mg/dL, (3) HDL-C < 40 mg/
dL in male subjects, or HDL-C < 50 mg/dL in female subjects, or (4) fasting glucose level > 100 mg/dL
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The distribution of demographic factors and BMI among
our patients with psoriasis were compatible with the recent
National Psoriasis Foundation report [11], suggesting the
representativeness of our estimates.

According to NHANES (2003-6), the average BMI
was 30.3 kg/m? in patients with psoriasis and 28.1 kg/m?
in patients without psoriasis [17], which were close to our
estimates. Obesity is prevalent among US patients with
psoriasis—from 14.2% in claim-based data, with obesity
defined by diagnosis, [12] to 62.9% in NHANES, with
obesity defined by abdominal obesity, [17]—with a greater
prevalence than seen among all US adults (29.5%) [15-17,
24]. Genetic studies suggest a possible causal relationship
of higher BMI and a higher risk of psoriasis [25]. Obesity
should be addressed in psoriasis practice as well as for the
general US population.

We summarized the results from related articles in the
literature, including systemic reviews and meta-analyses,
studies from NHANES, and large population-based stud-
ies from the UK (THIN, the Health Improvement Network;
GPRD, General Practice Research Database). The com-
parisons between our observations and the findings in the
literature regarding (a) metabolic syndrome, (b) parameters
within metabolic syndromes, and (c) other cardiometabolic
factors are presented in Table 4 of the ESM [1, 5-7, 14, 17,
22,26-30].

According to the NCEP ATP III guideline, individuals
meeting three or more of the criteria were defined as having
metabolic syndrome. Because of a lack of waist circumfer-
ence data in NAMCS, we substituted a metabolic syndrome
proxy with two or more of the NCEP ATP III criteria. The
substantial missing values in our observations might lead
to an underestimation in metabolic syndrome in psoriasis.
The prevalence of metabolic syndrome in psoriasis was
40% from NHANES (2003-6) [17] and 25% in US adults
from NHANES (1999-2006) [31]. We did observe a weakly
higher proportion of metabolic syndrome among the psoria-
sis population than the non-psoriasis population, which was
comparable to the conclusion of a recent systemic review
[32]. In our study, a positive association between metabolic
syndrome and psoriasis was observed in mild disease, as
compared to non-psoriasis controls. However, we did not
observe a similar association in the severe psoriasis group.
Missing data bias could be one of the explanations, as sup-
ported by our imputed data analysis.

In analyzing each component within metabolic syndrome
in NAMCS, there seemed to be a trend for a positive asso-
ciation between disease severity and SBP, DBP, fasting glu-
cose level, BMI, and HDL-C, which was consistent with
the analysis on past medical history (hypertension, diabetes,
and obesity). Interestingly, hyperlipidemia and a history of
cardiovascular diseases (coronary artery disease, ischemic
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heart disease, and myocardial infraction) were not positively
related to disease severity. Although a recent study demon-
strated that lipid criteria might be less sensitive for myo-
cardial burden in psoriasis, the severity of psoriasis and its
relationship to cardiovascular stress was not addressed [33].

Other studies have reported a positive association
between diabetes and psoriasis, including evidence of a
dose-response relationship [6, 29]. In our dataset, mean
fasting glucose level and mean HbAlc were not different
between psoriasis and non-psoriasis populations, but there
was an association between prediabetes or diabetes and pso-
riasis severity.

The inconsistency between our findings and the results
from other studies was mainly from the heterogeneity in
definitions of variables, including the metabolic syndromes
(World Health Organization criteria or NCEP ATP III crite-
ria), the cardiometabolic parameters (by diagnostic codes or
by laboratory results), obesity (by BMI as the substitute for
abdominal obesity in NCEP ATP III criteria), disease sever-
ity (by body surface area or by medications), and the missing
data bias in our study. Furthermore, study designs, uncon-
trolled confounders, and generalizability among the studies
could also explain the discrepancy. It is possible that the past
medical histories were under-reported, which only captured
7% of the psoriasis population with obesity, whereas in our
analysis defining obesity by BMI criteria, about 44% of them
were obese. This discrimination demonstrated the impacts
of information bias.

In our analysis, smoking and alcohol abuse are more
prevalent health issues in psoriasis with obesity than in non-
psoriasis with obesity (28.4% and 2% vs 15.3% and < 1%,
respectively). Only 6% of the psoriasis patient group with
obesity received weight-reduced education. Although one
can speculate that diet and lifestyle change may improve
BMI and further lower the risk of cardiovascular events,
recent studies suggested central obesity is a sensitive fac-
tor for cardiovascular burden [33, 34]. Carefully conducted
large-scale studies are needed to estimate the true effect size
of lifestyle modification on obesity and cardiovascular mor-
bidities in psoriasis.

The cross-sectional study design limits causal inference.
We identified severe cases by medication, which might not
capture all severe cases but may reflect access to healthcare.
Patients receiving phototherapy could have been included as
severe [22]; however, the number receiving phototherapy
is small. The lack of objective measurements to validate
outcome classifications, such as body surface area or Pso-
riasis Area and Severity Index scores, may lead to misclas-
sification, with biases possible in either direction. Although
information on central obesity was missing, we assumed our
proxy could capture the metabolic syndrome. This assump-
tion was expected to have limited impact because 62.9% of
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the study population was overweight or obese, and, accord-
ing to the Centers for Disease Control and Prevention,
abdominal obesity in the USA in 2015-2016 was 69% in
female individuals and 48% in male individuals [35].

5 Conclusions

The US population is at high risk of abnormalities in cardio-
metabolic parameters and related cardiovascular comorbidi-
ties, and the risk is even greater in patients with psoriasis. In
the USA, obesity was associated with psoriasis severity. The
implementation of interdisciplinary teamwork from different
specialties in caring for patients with psoriasis has been sug-
gested and may benefit the psoriasis population [18]. Further
interventional studies for a healthy lifestyle or weight control
are needed to confirm the effects on psoriasis severity.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40257-021-00600-z.
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