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Women with cardiovascular disease are underdiagnos-
ed, undertreated and under-represented in research.
Even though the increased risk of cardiovascular
disease among patients with psoriasis is well establi-
shed, only a few studies have examined women with
psoriasis. This study examined the prevalence
of cardiovascular risk factors and cardiovascular
disease among women with psoriasis. Using the Co-
penhagen City Heart Study and the Copenhagen Gene-
ral Population Study, 66,420 women were included in a
cross-sectional design. Of these, 374 (0.56%) women
had hospital-diagnosed psoriasis. Women with vs
without hospital-diagnosed psoriasis had higher odds
ratios of having traditional cardiovascular risk factors,
including hypertriglyceridaemia, smoking, obesity, type
2 diabetes, and low physical activity, and of having non-
traditional cardiovascular risk factors, including low level
of education, high level of psychosocial stress, and low-
grade inflammation. Compared with women from the
general population, the multivariable adjusted odds ratio
of heart failure and ischaemic cerebrovascular disease in
women with hospital-diagnosed psoriasis was 2.51 (95%
confidence interval 1.33-4.73) and 2.06 (1.27-3.35). In
conclusion, women with hospital-diagnosed psoriasis
have a higher prevalence of traditional and non-
traditional cardiovascular risk factors, and increased risk
of heart failure and ischaemic cerebrovascular disease,
even after adjusting for these cardiovascular risk factors.
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soriasis is a common chronic immune-mediated in-

flammatory skin disease affecting 125 million people
worldwide (1). Although traditionally thought to only
involve the skin, psoriasis is currently classified as a sys-
temic inflammatory disease with extensive comorbidities
(2, 3). Evidence from clinical and epidemiological studies
suggests that individuals with psoriasis have increased risk
of cardiovascular disease (3—6) and, mainly due to this

SIGNIFICANCE

Patients with psoriasis have increased risk of cardiovas-
cular disease; however, little is known about women with
psoriasis. Therefore, this study examined the prevalence
of cardiovascular risk factors and risk of cardiovascular
disease among women with psoriasis. Women with hos-
pital-diagnosed psoriasis, compared with women without,
had increased prevalence of both traditional and non-
traditional cardiovascular risk factors. Furthermore,
women with hospital-diagnosed psoriasis had increased
risk of heart failure and stroke. This new information is
important in order to optimize prevention and treatment
of cardiovascular risk factors and disease among women
with psoriasis.

increased risk, reduced life expectancy (7). Interestingly,
when compared with individuals without psoriasis, those
with psoriasis also have a higher prevalence of traditional
cardiovascular risk factors (6, 8, 9), such as type 2 dia-
betes mellitus, smoking, hypertension, dyslipidaemia, and
obesity, which could explain their higher risk of cardio-
vascular diseases. Psoriasis might also be an independent
risk factor for cardiovascular disease (4, 5, 10), presuma-
bly through activation of inflammatory pathways exerting
systemic effects (11). Furthermore, the inflammatory cells
involved in the pathogenesis of psoriasis resemble those
involved in the formation of the atherosclerotic plaque,
and there are similarities in the immunoinflammatory
mechanisms driving both diseases (12, 13).

The increased risk of cardiovascular disease in patients
with psoriasis is well established, but studies focusing only
on women with psoriasis are scarce (14, 15). In addition,
women with cardiovascular disease are, in general, under-
diagnosed, undertreated, and under-represented in research
(16), even though cardiovascular disease remains a leading
cause of death among women (17). Furthermore, some risk
factors are particularly important in the development of
cardiovascular disease in women compared with men (17).
For psoriasis, this might also play a role, e.g. Lindegard
(18) showed that diabetes and obesity were only associated
with psoriasis in women, but not in men. More recently,
sex differences in the risk of metabolic syndrome among
patients with psoriasis have been reported (19, 20), and
a study of young, hospitalized patients reported stronger
associations between psoriasis and cardiovascular disease
in women than in men (15). The association between
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psoriasis and cardiovascular disease in women of all ages
and from the general population remains unclear, as does
how adjusting for both traditional and non-traditional
cardiovascular risk factors impacts the association. To
examine this, this study hypothesized that women with
hospital-diagnosed psoriasis have increased prevalence
of traditional and non-traditional cardiovascular risk fac-
tors compared with women from the general population.
Furthermore, the study hypothesized that women with pso-
riasis have higher risk of cardiovascular disease compared
with women from the general population, even in analyses
adjusted for cardiovascular risk factors. To investigate
this, a cross-sectional design was used, including data
from > 60,000 women from two large Danish population-
based cohorts; the Copenhagen City Heart Study and the
Copenhagen General Population Study (21).

MATERIALS AND METHODS

Copenhagen City Heart Study and Copenhagen General
Population Study

The Copenhagen City Heart Study (CCHS) (21) is a cohort study
of the general population initiated in 1976-78, with follow-up
examinations in 1981-83, 1991-94, and 2001-03. Individuals
aged 20-100 years and of Danish descent, living in Copenha-
gen, were randomly selected to best reflect the Danish general
population. At each examination, participants completed a
self-administered questionnaire concerning lifestyle and health
status, which was subsequently reviewed with an investigator.
Furthermore, physical examination was performed and blood
samples were drawn for biochemical analyses. Participation rate
was 44%. For the current study, 6,365 women from the CCHS
were included; 2,788 from the 1991-94 examination and 3,577
from the 2001-03 examination.

The Copenhagen General Population Study (CGPS) (21) is a
cohort study of the general population with a similar recruitment
strategy to the CCHS. Individuals from Greater Copenhagen were
recruited from 2003 to 2014 and, as in the CCHS, individuals
completed a questionnaire, underwent a physical examination, and
blood samples were drawn for biochemical analyses. Participation
rate was 43%. From the CGPS, 60,055 women were included.

The CCHS and CGPS were conducted according to the Declara-
tion of Helsinki and approved by the Danish ethics committees
(KF-100.2039/91; KF-01-144/01; H-KF-01-144/01). All partici-
pants provided written informed consent.

Hospital-diagnosed psoriasis

At birth or immigration, all individuals in Denmark receive a
unique personal identification number, which can be linked to
nationwide health registers in Denmark (22). Thus, we linked
individuals to the Danish National Patient Registry, which contains
diagnoses according to the World Health Organization Internatio-
nal Classification of Diseases (WHO ICD) codes for all inpatients
and outpatients in Danish hospitals since 1977 (23). Diagnoses
from 1978 to 1993 can be found in the eighth revision of ICD (ICD-
8) and from 1994, in the tenth revision (ICD-10). Patients with
psoriasis were identified by hospitalization (in- or outpatient) for
psoriasis (ICD-8 696.09, 696.10, 696.19; ICD-10 L40), correspon-
ding to moderate to severe psoriasis (5). In sensitivity analyses, a
more stringent definition of psoriasis was used, with ICD-8 code
696.19 and ICD-10 codes L40.0 and L40.9. Psoriatic arthritis was
identified using ICD-10 codes M07.0-M07.3 and M09.0 (24).
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Covariates

Hypertension was defined as systolic blood pressure > 140 mmHg,
and/or diastolic blood pressure >90 mmHg, or self-reported use of
antihypertensive treatment. Type 2 diabetes mellitus was defined
as self-reported type 2 diabetes mellitus or a non-fasting plasma
glucose > 11 mmol/l. Body mass index (BMI) was calculated from
weight (kg) divided by height squared (m?). Information on smoking
habits, alcohol consumption, physical activity, income, education,
and psychosocial stress were self-reported. Former and current
smokers were categorized as ever-smokers and the cumulative
tobacco consumption in pack-years, defined as 20 cigarettes a day/
year or equivalent, was calculated only in ever-smokers. Excessive
alcohol consumption was defined as alcohol consumption >84 g/
week. Low physical activity was defined as less than 2 h of light
physical activity per week. Psychosocial stress was an affirmative
answer to the question “Do you often feel nervous and stressed?””.
Low education was defined as less than 3 years of education fol-
lowing the mandatory primary school. An income below the mean
income in Denmark at baseline was used to define low income.

Plasma levels of non-fasting glucose, high sensitive C-reactive
protein (hs-CRP), fibrinogen, creatinine, whole blood leukocyte
count, whole blood haemoglobin, whole blood thrombocytes, non-
fasting total cholesterol, non-fasting triglycerides, non-fasting
high-density lipoprotein (HDL) cholesterol, and non-fasting low-
density lipoprotein (LDL) cholesterol were measured using standard
hospital assays. Dyslipidaemia was defined as LDL-cholesterol >3
mmol/l (115 mg/dl), and/or total-cholesterol >5 mmol/l (190 mg/
dl), and/or self-reported use of statins. Hypertriglyceridaemia was
defined as triglycerides >2 mmol/l (175 mg/dl) (25). Hs-CRP >2
mg/l was used as marker of low-grade inflammation (26).

Cardiovascular disease

Information on prevalent cardiovascular disease was obtained from
the Danish National Patient Registry. Ischaemic heart disease was
identified using the ICD-8 codes 410-414 and the ICD-10 codes
120-125. Myocardial infarction was non-fatal or fatal using ICD-8
code 410 and ICD-10 codes 121-122. Heart failure was identified
using ICD-8 codes 427.09, 427.10, and 427.11 and ICD-10 codes
150.0, 150.1, and 150.9. For ischaemic cerebrovascular disecase we
used ICD-8 codes 433-435 and ICD-10 codes 163-164 and G45. Pe-
ripheral arterial disease was defined as ICD-8 codes 440.20, 440.29,
440.30, 443.89, 443.99, 445.00, 445.09, and 445.90 and ICD-10
codes 170.2, 170.2A, 173.9, and 173.9A—-C. Any cardiovascular
disease was any of the above-mentioned cardiovascular diagnoses.

Statistical analyses

Statistical analyses were performed using Stata/SE 17.0 (Stata-
Corp, College Station, TX, USA). A 2-sided p-value less than
0.05 was considered statistically significant. For comparisons
of cardiovascular risk factors between women with and without
hospital-diagnosed psoriasis, Wilcoxon rank-sum test was used for
continuous variables and Pearson’s y? test and Kruskal—Wallis test
by ranks for categorical variables. Logistic regression was used to
assess the odds ratios (ORs) of having cardiovascular risk factors
and prevalent cardiovascular disease in unadjusted, age alone,
age- and BMI-adjusted, and multivariable adjusted analyses, which
additionally included hypertension (yes/no), dyslipidaemia (yes/
no), smoking (yes/no), excessive alcohol consumption (yes/no),
obesity by abdominal fat (yes/no), low physical activity (yes/no),
type 2 diabetes mellitus (yes/no), low education (yes/no), cohort
study (CGPS/CCHS), and psoriatic arthritis (yes/no).

Data on covariates were 98.7% complete. Missing values were
imputed according to age for which no values were missing.
Multivariable regression was used for continuous variables and
chained equation for categorical values. However, models only
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including women with full information on covariates gave similar
results to those reported.

RESULTS
Baseline characteristics

In total, 66,420 women from the two cohorts CGPS and
CCHS were included, of whom 374 (0.56%) had hospital-
diagnosed psoriasis at the time of study enrollment. The
median age was 60 years (interquartile range (IQR) 51-69
years) among women with hospital-diagnosed psoriasis
and 58 years (IQR 48-68 years) among women without
hospital-diagnosed psoriasis (Table I). No differences
were found between the groups regarding total cholesterol,
LDL-cholesterol, and systolic and diastolic blood pressure
(Table I). Women with hospital-diagnosed psoriasis had
higher prevalence of several traditional cardiovascular risk
factors; low level of HDL-cholesterol, use of statins, high
level of triglycerides, hypertension, use of antihypertensive
drugs, smoking, high non-fasting plasma glucose, type 2
diabetes mellitus, obesity, and low physical activity (Table
I). Fourteen percent of the women with hospital-diagnosed
psoriasis also had hospital-diagnosed psoriatic arthritis.
Prevalence of non-traditional cardiovascular risk factors
in women with hospital-diagnosed psoriasis compared
with women without hospital-diagnosed psoriasis were
also higher (Table IT). Women with hospital-diagnosed
psoriasis had higher prevalence of low education, low

Table I. Prevalence of traditional cardiovascular risk factors in
women with hospital-diagnosed psoriasis and in women without
hospital-diagnosed psoriasis from the general population

Women with  Women without

Traditional cardiovascular psoriasis psoriasis
risk factors n=374 n=66,046 p-value
Age, years, median (IQR) 60 (51-69) 58 (48-68) 0.01

Total cholesterol, mmol/Il, median (IQR) 5.6 (4.9-6.5) 5.6 (4.9-6.4) 0.91
LDL-cholesterol, mmol/l, median (IQR) 3.2 (2.6-4.0) 3.2 (2.6-3.8) 0.23
HDL-cholesterol, mmol/l, median (IQR) 1.6 (1.3-1.9) 1.7 (1.4-2.1) 8x107®
Dyslipidaemia, n (%) 306 (83) 52,267 (80) 0.09
Statin use, n (%) 55 (15) 6,243 (10) 5x107%
Triglycerides, mmol/l, median (IQR) 1.4 (1.0-2.1) 1.2 (0.9-1.8) 1x107®
Hypertriglyceridemia, n (%) 103 (28) 12,369 (19) 9x107®
Systolic blood pressure, mmHg, 135 (120-150) 133 (120-150) 0.32
median (IQR)

Diastolic blood pressure, mmHg, 78 (70-85) 79 (70-85) 0.32
median (IQR)
Hypertension, n (%) 194 (56) 31,321 (50) 0.03

Use of antihypertensive drugs, n (%) 96 (26) 12,394 (19) 5x1074

Pack years in ever smokers, years, 20 (9-34) 13 (5-26) 7x10710
median (IQR)

Current smokers, n (%) 117 (31) 12,123 (18)

Former smokers, n (%) 160 (43) 24,830 (38) 1x107*

Never smokers, n (%) 95 (26) 28,825 (44)

Non-fasting glucose, mmol/l, median 5.2 (4.7-5.9) 5.1 (4.7-5.6) 0.04
(IQR)

Type 2 diabetes mellitus, n (%) 17 (4.6) 1,257 (1.9) 2x1074
BMI, kg/m?, median (IQR) 26 (23-30) 25 (22-28) 5x107°
Waist circumference, cm, median (IQR) 87 (78-97) 83 (76-92) 3x1078
BMI 230 kg/m?, n (%) 97 (27) 9,778 (15) 7x10710
Waist circumference >388 cm, n (%) 169 (46) 21,484 (33) 6x1078
Low physical activity, n (%) 44 (12) 4,352 (7) 4x107°
Psoriatic arthritis, n (%) 50 (14) 61 (0.1) 1x1073%0

LDL-cholesterol: low-density lipoprotein-cholesterol; HDL-cholesterol: high-density
lipoprotein-cholesterol; BMI: body mass index; IQR: interquartile range.
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income, high psychosocial stress, high levels of hs-CRP,
fibrinogen, whole blood leukocyte count, whole blood
thrombocytes, neutrophil-to-lymphocyte ratio, and
creatinine. A higher percentage of women with hospital-
diagnosed psoriasis were postmenopausal and a lower
percentage had breastfed their children compared with
women without hospital-diagnosed psoriasis. No diffe-
rences were found between the groups regarding alcohol
consumption, haemoglobin, age at birth of first child,
number of births, and number of miscarriages (Table II).

Cardiovascular risk factors

When compared with women without hospital-diagnosed
psoriasis, women with hospital-diagnosed psoriasis
had increased ORs of having several traditional cardio-
vascular risk factors (Fig. 1). In women with hospital-
diagnosed psoriasis vs women without, the study found
unadjusted ORs of 1.31 (95% confidence interval (95%
CI) 1.00-1.70) for dyslipidaemia, 1.48 (1.21-1.82) for
hypertriglyceridaemia, 1.24 (1.01-1.52) for hypertension,
2.28 (1.81-2.88) for smoking, 1.73 (1.41-2.12) for obesity
defined by waist circumference > 88 cm, 2.02 (1.60-2.54)
for obesity defined by BM1>30, 2.45 (1.50—4.01) for type
2 diabetes mellitus, and 1.87 (1.36-2.56) for low physical
activity. Adjusting the analyses for age and BMI attenuat-
ed the results; however, ORs for hypertriglyceridaemia,
smoking, type 2 diabetes mellitus, and low physical acti-
vity remained significant. Obesity by waist circumference
>88 cm and obesity by BMI >30 kg/m? also remained
significant when adjusting for age.

Furthermore, women with hospital-diagnosed psoriasis
vs women without had increased ORs of having non-

Table II. Prevalence of non-traditional cardiovascular risk factors
in women with hospital-diagnosed psoriasis and in women without
hospital-diagnosed psoriasis from the general population

Women with Women without
Non-traditional cardiovascular psoriasis psoriasis p-
risk factors n=374 n=66,046 value
Alcohol consumption, g/week, 84 (24-144) 72 (24-132) 0.87

median (IQR)
Excessive alcohol consumption, 157 (45)
n (%)

25,556 (41) 0.15

Low education, n (%) 247 (67) 38,108 (58) 5x1074
Low income, n (%) 194 (53) 26,750 (41) 6x107°
High psychosocial stress, n (%) 130 (36) 17,624 (28) 5x1074

High-sensitive C-reactive protein, 1.8 (1.1-4.4) 2x10712
mg/l, median (IQR)

Fibrinogen, umol/l, median (IQR) 11.2 (9.8-13.3) 10.8 (9.4-12.5) 5x107°

Whole blood leukocyte count, 7.4 (6.3-8.8) 7.0 (6.0-8.2) 1x1077
10%/1, median (IQR)

Haemoglobin, mmol/I, median (IQR) 8.5 (8.1-8.9) 8.4 (8.0-8.8) 0.30

Whole blood thrombocytes, 10%/I, 295 (247-345) 284 (244-330) 0.008
median (IQR)

Neutrophil-to-lymphocyte ratio,
median (IQR)

1.4 (0.9-2.4)

2.01 (1.58-2.73) 1.89 (1.49-2.41) 5x107*

Creatinine, pmol/l, median (IQR) 74 (66-81) 75 (68-83) 0.005

Postmenopausal, n (%) 275 (75) 44,474 (68) 0.006

Age at birth of first child, median 25 (22-29) 26 (23-29) 0.12
(IQR)

No. of births, median (IQR) 2 (1-2) 2 (1-2) 0.48

No. of miscarriages, median (IQR) 0 (0-1) 0 (0-1) 0.26

Breastfeeding, n (%) 253 (77) 46,575 (83) 0.008

IQR: interquartile range.
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Psoriasis-population  Non-psoriasis

Unadjusted Age and BMI adjusted

N=374 N = 66,046 Odds ratio (95% Cl) Odds ratio (95% Cl)

Traditional risk factors

Dyslipidemia 306 (82%) 51,189 (78%) gl 1.31(1.00-1.70) HeH 1.12 (0.84-1.50)
Hypertriglyceridemia 166 (44%) 23,135 (35%) @1 1.48 (1.21-1.82) 1.25 (1.00-1.56)
Hypertension 203 (54%) 32,311 (49%) adl 1.24 (1.01-1.52) HH 1.04 (0.82-1.31)
Smoking 279 (75%) 37,156 (56%) [ 2.28 (1.81-2.88) 8- 2.24 (1.77-2.83)
Waist circumference >88 cm 171 (46%) 21,618 (33%) @ 1.73 (1.41-2.12) 2 gl 1.68 (1.36-2.06)2
BMI 230 98 (26%) 9,778 (15%) @4 2.02 (1.60-2.54) o 1.97 (1.56-2.49)°
Type 2 diabetes mellitus 17 (5%) 1,257 (2%) —eo—i 2.45 (1.50-4.01) —e— 1.98 (1.20-3.25)
Low physical activity 44 (12%) 4,399 (7%) e 1.87(1.36-2.56) o 1.71 (1.24-2.36)
Non-traditional risk factors

Low education 250 (67%) 38,475 (58%) e 1.44 (1.16-1.79) A gl 1.33 (1.07-1.67)
High psychosocial stress 131 (36%) 17,774 (28%) e 1.43 (1.16-1.76) A 1.48 (1.19-1.84)
Low-grade inflammation 161 (44%) 19,972 (32%) o 1.71(1.39-2.10) o 1.48 (1.19-1.85)
Excessive alcohol consumption 175 (47%) 28,126 (43%) @+ 1.19 (0.97-1.45) e+ 1.17 (0.95-1.44)

T - r I =1 - == I

0.5 1.0 2.0 40
Odds ratio (95 % Cl)

05 1.0 2.0 40
0Odds ratio (95 % Cl)

Fig. 1. Cardiovascular risk factors among women with hospital-diagnosed psoriasis. Unadjusted and body mass index (BMI) adjusted odds
ratios for traditional cardiovascular risk factors and non-traditional cardiovascular risk factors among women with hospital-diagnosed psoriasis compared
with women without hospital-diagnosed psoriasis from the general population. y-axis on log scale. ?Only adjusted for age.

traditional cardiovascular risk factors with unadjusted ORs
of 1.44 (1.16-1.79) for low education, 1.43 (1.16-1.76)
for high psychosocial stress, and 1.71 (1.39-2.10) for low-
grade inflammation. Results remained significant when
adjusting for age and BMI. ORs for excessive alcohol con-
sumption were 1.19 (0.97—1.45) in the unadjusted model,
and 1.17 (0.95—1.44) in the age- and BMI-adjusted model.

Prevalent cardiovascular disease

Compared with women without hospital-diagnosed
psoriasis, women with hospital-diagnosed psoriasis
had increased risk of any cardiovascular disease, with
a multivariable adjusted OR of 1.47 (1.07-2.03) (Fig.
2). Risk of heart failure and ischaemic cerebrovascular
disease were both significantly increased in the age-
adjusted and multivariable adjusted model with ORs of
3.19 (1.72-5.92) and 2.51 (1.33-4.73) for heart failure,
and 2.24 (1.38-3.64) and 2.06 (1.27-3.35) for ischaemic
cerebrovascular disease. When including psoriatic arthritis
in the multivariable model, the results were similar.

No increased risk of ischaemic heart disease, myocar-
dial infarction, or peripheral arterial disease was found.

Sensitivity analyses using a more stringent definition
of hospital-diagnosed psoriasis gave similar results with
a multivariable adjusted OR of 2.31 (1.06-5.02) for heart
failure and 2.19 (1.26-3.79) for ischaemic cerebrovascular
disease (Fig. S1). No increased risk of any cardiovascular
disease, ischaemic heart disease, myocardial infarction,
or peripheral arterial disease were found.

DISCUSSION

This study of more than 60,000 women from the Danish
general population found that women with hospital-diagno-
sed psoriasis had increased ORs of having both traditional
and non-traditional cardiovascular risk factors compared
with women without hospital-diagnosed psoriasis. Further-
more, it was found that women with hospital-diagnosed
psoriasis had a higher risk of any cardiovascular disease,
heart failure, and ischaemic cerebrovascular disease in

Psoriasis Non-psoriasis Age adjusted Multivarible adjusted® Multivarible adjusted incl. PsA®
N Events N Events 0Odds ratio (95% C) 0dds ratio (95% C1) 0dds ratio (95% Cl)
Any cardiovascular disease 374 48 66,046 4,969 e 1.72 (1.25-2.36) = 1.47 (1.07-2.03) o 1.45 (1.02-2.06)
Ischemic heart disease 374 24 66,046 2,765 —@— 1.46 (0.96-2.23) Ho— 1.23 (0.80-1.89) —o— 1.13 (0.70-1.83)
Myocardial infarction 374 7 66,046 800 —eo— 1.43 (0.67-3.05) —1o— 1.18 (0.55-2.55) ——— 1.05 (0.42-2.65)
Heart failure 374 11 66,046 590 —e— 3.19(1.72-5.92) —e—1 2.51(1.33-4.73) —e— 2.62(1.29-5.36)
Ischemic cerebrovascular disease 374 18 66,046 1,365 —eo— 2.24 (1.38-3.64) —eo— 2.06 (1.27-3.35) —e— 2.28 (1.35-3.83)
Peripheral arterial disease 374 5 66,046 620 —ro— 1.32(0.54-3.21) e 1.01 (0.41-2.47) e 1.04 (0.40-2.67)
—

T
05 1.0 2.0 40
Odds ratio (95 % Cl)

L I B S —
0.5 1.0 2.0 4.0
Odds ratio (95 % Cl)

05 1.0 2.0 40
0Odds ratio (95 % Cl)

Fig. 2. Cardiovascular disease among women with hospital-diagnosed psoriasis. Age adjusted and multivariable adjusted odds ratios for
cardiovascular disease among women with hospital-diagnosed psoriasis compared with women without hospital-diagnosed psoriasis from the general

population. y-axis on log scale. ?Multivariable adjustment including hyperten

sion (yes/no), dyslipidaemia (yes/no), smoking (yes/no), excessive alcohol

consumption (yes/no), obesity by abdominal fat (yes/no), low physical activity (yes/no), type 2 diabetes mellitus (yes/no), low education (yes/no), and

cohort study (CGPS/CCHS). PMultivariable adjustment including hypertensi

on (yes/no), dyslipidaemia (yes/no), smoking (yes/no), excessive alcohol

consumption (yes/no), obesity by abdominal fat (yes/no), low physical activity (yes/no), type 2 diabetes mellitus (yes/no), low education (yes/no),

cohort study (CGPS/CCHS), and psoriatic arthritis (yes/no).
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analyses adjusted for these cardiovascular risk factors, and
thus the study indicates that psoriasis is an independent
risk factor for cardiovascular disease in women (Fig. 3).

Mechanistically, the chronic inflammation in patients
with psoriasis might be what causally links psoriasis with
cardiovascular disease and has been termed the “pso-
riatic march”. Roughly simplified, the “psoriatic march”
postulates that systemic pro-inflammatory cytokines and
adipokines cause insulin resistance, which, in turn, trig-
gers endothelial cell dysfunction and subsequently causes
atherosclerosis and, finally, cardiovascular disease (11)
Several studies support this hypothesis; some showing
elevated levels of inflammatory biomarkers (27, 28) and
insulin resistance (29—31) among patients with psoriasis,
and others find evidence for endothelial cell dysfunction
among patients (32-34) More studies are needed to de-
termine this potential causal link between psoriasis and
cardiovascular disease.

To our knowledge, the current study is the most com-
prehensive study to date to investigate a broad panel of
cardiovascular risk factors and to assess risk of cardio-
vascular disease when adjusting for these risk factors in
women with psoriasis. Of the included non-traditional car-
diovascular risk factors, women with hospital-based psoria-
sis had increased ORs of low education, high psychosocial
stress, and low-grade inflammation compared with women
without hospital-diagnosed psoriasis. Low-grade inflam-
mation was defined according to hs-CRP, however women
with hospital-diagnosed psoriasis also had higher levels
of fibrinogen, whole blood leukocytes, and neutrophil-to-
lymphocyte ratio, supporting the theory that the inflam-
matory state in women with psoriasis is broadly affected.
Of the traditional risk factors for cardiovascular disease,
this study found increased ORs of having hypertriglyce-
ridaemia, smoking, low physical activity, type 2 diabetes
mellitus, and obesity; the latter regardless of which obesity
definition was used. Obesity is the most frequent component
of the metabolic syndrome found in women with psoriasis
(19) and in the Nurses’ Health Study 11, obesity was a risk
factor for incident psoriasis (35) Obesity is closely linked
to type 2 diabetes mellitus (36) and physical activity (37)

The high frequency of type 2 diabetes mellitus among
women with hospital-diagnosed psoriasis seen in the cur-
rent study is also consistent with previous studies (20, 38)
We also find that women with hospital-diagnosed psoriasis
exercise much less than women without hospital-diagnosed
psoriasis, and as a previous study of 116,430 US women
found that vigorous physical activity was associated with
reduced risk of incident psoriasis (39), the current results
support the hypothesis that prevention of, and treatment for,
obesity are a priority in women with psoriasis.

Previous studies have indicated insufficient treatment of
several traditional cardiovascular risk factors in patients
with moderate to severe psoriasis (40, 41)- Although edu-
cation and stress may be better defined as social determi-
nants of health and no specific treatment targets low-grade
inflammation, the current study highlights the importance
of assessing both traditional and non-traditional cardio-
vascular risk factors, as these are important in the overall
assessment of cardiovascular risk in women with psoriasis.

The current study found that women with hospital-
diagnosed psoriasis had increased risk of any cardio-
vascular disease, heart failure, and ischaemic cerebro-
vascular disease. A previous Danish nationwide cohort
study including 66,389 psoriasis patients (men and women
combined) also reported increased risk of heart failure,
with a hazard ratio of 1.5 (1.3—1.7) in patients with severe
psoriasis (42); however, the study presents no stratified
analyses according to sex. The current results suggest an
even higher risk of heart failure in women with hospital-
diagnosed psoriasis. As sex differences in prevalence,
subtypes, and clinical outcome of heart failure exist in
the general population (43), this probably also applies
to patients with psoriasis. The current study did not find
an increased risk of diagnosed myocardial infarction in
women with hospital-diagnosed psoriasis and this is in
contrast to previous studies that found increased risk in
both women and men (4) Nevertheless, in line with the
current findings Garshick et al. (15) did not find higher risk
of myocardial infarction in young, hospitalized women
with psoriasis compared with matched women without
psoriasis. Although speculative, the higher risk of heart

with hospital-diag| d psoriasis have increased prevalence of traditional and
non-traditional cardiovascular risk factors and increased risk of cardiovascular disease
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Fig. 3. Women with vs without hospital-diagnosed
psoriasis from the general population have increased
prevalence of several traditional cardiovascular risk factors;
hypertriglyceridaemia, smoking, obesity, type 2 diabetes
mellitus, and low physical activity. Importantly, women with
hospital-diagnosed psoriasis also have increased prevalence of
several non-traditional cardiovascular risk factors; low level of
education, high psychosocial stress, and low-grade inflammation.
Finally, women with hospital-diagnosed psoriasis have increased
risk of any cardiovascular disease, heart failure, and ischaemic
cerebrovascular disease, also after multivariable adjustments.
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failure in women with hospital-diagnosed psoriasis, but
not of myocardial infarction, might be a reflection of
the fact that ischaemic heart disease frequently remains
undiagnosed in women (16, 44) until they present with
heart failure, and that this probably also applies to women
with psoriasis. Future studies could investigate whether
women with psoriasis could be particularly benefitted by
intensified intervention addressing risk of heart failure. The
disconnect between risk factor prevalence and prevalent
myocardial infarction in the current study could also be a
result of effective treatment and intervention strategies in
the Danish healthcare system, which is free of charge with
equal access for all citizens. Thus, results from the current
study may not necessarily apply to other populations.

Finally, this study found an increased risk of ischaemic
cerebrovascular disease among women with hospital-
diagnosed psoriasis. Previous studies of psoriasis and
ischaemic cerebrovascular disease have shown conflicting
results; Garshick et al. reported an increased risk among
young hospitalized women with psoriasis compared with
matched women without psoriasis (15), but results from
Nurses’ Health Study 11 were insignificant (14) In the ge-
neral population, women have a higher lifetime stroke risk
than men (17) and a potential sex difference in the risk of ce-
rebrovascular disease in patients with psoriasis is plausible.

The current study included only women with psoriasis,
and, thus, we cannot conclude on possible differences
with the male population. Although it is outside the scope
of this paper, possible sex differences in cardiovascular
disease in individuals with psoriasis could exist as a result
of both complex inflammatory pathways interacting with
sex hormones, but also of cultural and environmental
factors (45). Future studies on cardiovascular disease in
individuals with psoriasis should stratify analyses ac-
cording to sex, in order to elucidate possible differences.

Higher risks of major cardiovascular events in patients
with psoriasis and inflammatory arthritis compared with
patients without inflammatory arthritis have been reported
previously by Parisi et al. (46). When psoriatic arthritis
was included in the multivariable adjusted analyses,
risk of any cardiovascular, heart failure, and ischaemic
cerebrovascular disease remained high in women with
psoriasis. The link between psoriatic arthritis and cardio-
vascular disease might be explained by psoriatic arthritis
as a marker of severity in psoriasis (3), and hereby also a
higher inflammatory burden in these patients. However,
our findings support psoriasis as an independent risk factor
also after adjusting for psoriatic arthritis.

Study strengths and limitations

Strengths of the current study include the sample size, with
>60,000 women from the general population. Moreover,
extensive data were included for each participant, enabling
thorough investigation and adjustment for confounders
in the association between psoriasis and cardiovascular
disease. Although we cannot account for factors not re-
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gistered in the studies, we have extensive data on lifestyle
and health status, physical examinations, and several
blood tests on every participant, as well as information
on prevalent cardiovascular disease. This is in contrast to
many other studies investigating the association between
psoriasis and cardiovascular disease.

A limitation of this study is that we have included only
psoriasis diagnosed in a hospital, which mainly applies to
patients with moderate to severe psoriasis, requiring sys-
temic treatment even though socioeconomic factors may
also contribute to the need for inpatient care. Therefore,
women with mild psoriasis might have been included in
the reference group; however, this would tend to bias the
results toward the null hypothesis and thus cannot explain
the findings. Finally, the current study is an observational
cross-sectional study and therefore it is not possible to
draw conclusions about causality.

Conclusion

Women with hospital-diagnosed psoriasis had increased
prevalence of several traditional and non-traditional
cardiovascular risk factors. Furthermore, women with
hospital-diagnosed psoriasis had a higher risk of any
cardiovascular disease, heart failure, and ischaemic
cerebrovascular disease in analyses adjusted for these
cardiovascular risk factors. Thus, this study indicates that
psoriasis is an independent risk factor for cardiovascular
disease in women with psoriasis. These results underline
the importance of targeted prevention and treatment of
cardiovascular disease in women with psoriasis.
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