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Studies on pregnancy and birth outcomes in women
with psoriasis are scarce and the findings inconsistent.
The effect of maternal psoriasis and its severity on the
risk of adverse pregnancy and birth outcomes was exa-
mined. A cross-national population-based cohort study
was performed using prospectively collected data from
Denmark and Sweden. Singleton births in women with
psoriasis were identified in the national health regis-
ters between April 2007 and December 2012 and clas-
sified according to disease severity. Lifestyle factors,
co-morbidity, pregnancy and birth outcomes were eva-
luated. A total of 8,097 births were identified in 6,103
women with psoriasis and 964 births in 753 women
with psoriatic arthritis. Increased risk of gestational
diabetes, gestational hypertension, pre-eclampsia,
elective and emergency caesarean delivery was found
in women with psoriasis. The risks were higher for wo-
men with severe psoriasis, who also had an increased
risk of preterm birth and low birth weight. Pre-concep-
tion counselling to improve maternal, pregnancy and
birth outcome is encouraged.
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soriasis is a complex chronic inflammatory disease.
Its pathophysiology is not fully understood, but
involves genetic, immunological, environmental, and
lifestyle-related factors. The prevalence of psoriasis in
women of reproductive age is approximately 1% (1).
A substantial proportion of patients with psoriasis de-
velop obesity, hypertension, diabetes mellitus, depression
and other chronic inflammatory diseases, such as inflam-
matory bowel disease (IBD) and rheumatoid arthritis
(RA) (2, 3), all of which have been associated with ad-
verse pregnancy and birth outcomes. Joint symptoms are
common among patients with psoriasis and 6-30% de-
velop psoriatic arthritis (PsA) (3). Furthermore, patients
with psoriasis are more prone to a generally unhealthy
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SIGNIFICANCE

Psoriasis is a common chronic inflammatory disorder with
significant physical and psychological sequelae. This study
evaluated pregnancy and birth outcomes in Danish and
Swedish women with psoriasis. Increased risk of gesta-
tional diabetes, gestational hypertension, pre-eclampsia,
elective and emergency caesarean delivery was found in
women with psoriasis. The risks were higher for women
with severe psoriasis, who also had an increased risk of
preterm birth and low birth weight. Pre-conception coun-
selling to improve maternal, pregnancy and birth outcome
is encouraged.

lifestyle, including smoking, which is also associated
with adverse pregnancy and birth outcomes (4, 5).

Large population-based studies on pregnancy and
birth outcomes in women with psoriasis are scarce, and
the results of previous studies are inconsistent (6—10).
The aim of this study was to assess the effect of mater-
nal psoriasis and its severity on adverse pregnancy and
birth outcomes using a population-based register data in
Sweden and Denmark.

METHODS

Data collection

This observational population-based cohort study used data from
the national birth registers (11), the national patient registers, and
the national prescribed drug registers (12—15) in Denmark and
Sweden. The national birth registers include data on maternal
characteristics (age at delivery, parity, smoking habits, body mass
index (BMI)) and on pregnancy, delivery and the neonatal period.
The patient registers contain information on all hospitalizations
and outpatient visits to specialist care, including primary and
secondary diagnoses. Diagnoses are recorded according to the
International Classification of Diseases, version 10 (ICD-10) and
data are available from 1998 onwards in Sweden and Denmark.
The prescribed drug registers include data on the formulations and
date of all dispensed prescriptions. Drugs are categorized accor-
ding to the WHO Anatomical Therapeutic Chemical classification
(ATC codes). In Denmark, data on prescribed drugs have been
available since 1999 and in Sweden since July 2005. Individual
record linkage between the registers in each country is possible
through the unique personal identification number assigned to all
residents at birth or immigration.
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The study was approved by the Regional Ethical Review Board
at Karolinska Institutet, Stockholm, Sweden (record number
2006/889:31).

Study population and study period

All women who gave birth to a singleton infant in Denmark and
Sweden from 1 April 2007 to 31 December 2012 were identified.
Some women gave birth more than once during the study period
and each birth was considered individually. Women with psoriasis
were identified either by an ICD-10 code (L40 (excluding PsA
L405, M070-M073), or by at least one dispensed prescription of
calcipotriol (D05AX02) and/or calcipotriol in combination with
betamethasone (D05AXS52), systemic anti-psoriatic drugs (D05B)
or mometasone in combination with salicylic acid (D07XCO03)
before or during pregnancy. Women with a diagnosis of PsA
(L405, M070-M073) were defined in a separate cohort. All other
women in the study were categorized as women without psoriasis.

Severity of psoriasis

Women with psoriasis were further categorized according to
disease severity. Severe psoriasis was defined by: systemic drug
administration with at least one dispensed prescription of any of
the following drugs: methotrexate (L04AX03), and/or ciclosporin
(LO4ADO1), systemic anti-psoriatic treatment (D0O5B) and/or
biologic agents anti-tumour necrosis factor (anti-tumour necrosis
factor; anti-TNF), ustekinumab, efalizumab, abatacept, lefluno-
mide (LO4AB, L04ACO05, L04AA21,L04AA24,L04AA13) before
or during pregnancy.

Non-severe psoriasis was defined by the use of anti-psoriatic
topical drugs only, or a diagnosis of psoriasis without recorded
treatment.

Outcomes

Adverse pregnancy and birth outcomes were identified from data
obtained from the medical birth registers and the patient registers
in Denmark and Sweden. Pregnancy outcomes included: gesta-
tional diabetes (0244), gestational hypertension (O13), antenatal
haemorrhage (045-046), venous thromboembolism (126, 18082,
022) during pregnancy, and pre-eclampsia (O11, 014-015). Only
women without prescriptions of anti-diabetic and anti-hypertensive
medications up to one year prior to pregnancy were eligible to
develop gestational diabetes or hypertension, respectively. Thus,
women with antidiabetic and antihypertensive medication pres-
criptions less than 1 year prior to pregnancy were not eligible to
develop the outcomes gestational hypertension and gestational
diabetes, respectively. Adverse birth outcomes included: delivery
by elective or emergency caesarean section, preterm birth (<37
weeks of gestation), moderate preterm birth and very preterm
birth (32-36 and <32 weeks of gestation, respectively), low Ap-
gar score (<7), being small for gestational age (SGA), low birth
weight (£2,500 g), stillbirth and major congenital malformations
(Q00-Q99). Stillbirth in the Danish medical birth register includes
infants born after 22 weeks of gestation. In Sweden, the same
cut-off has been used since July 2008, prior to which gestational
week 28 was used. All conditions were dichotomized (yes/no) in
the analyses.

Co-variates

As co-variates, we included conditions recorded in the national
health registers. These covariates were: maternal age (13—19, 20—
24,25-29, 30-34, >35 years), parity (primiparous/multiparous),
country (Denmark/Sweden), smoking (yes/no), body mass index
(BMI) (<18.4, 18.5-24.9, 25-29.9, >30), hypertension (yes/no),
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diabetes (yes/no) and depression (yes/no). These were identified
from the patients’ register and the prescribed drug registers with
ICD-10 codes and ATC; hypertension (ICD-10: 110-113, ATC:
C02-C03, C07, C09), diabetes mellitus (ICD-10: E10-E11, ATC:
A10) and depression (ICD-10: F32, F33, ATC: NO6A).

Statistical analyses

Analyses were performed using SAS software, version 9.3 (SAS
Institute Inc., Cary, NC, USA). Logistic regression was used to
compare the association of adverse pregnancy and birth outcomes
between women with psoriasis and women without psoriasis. The
associations are presented as crude odds ratios (ORs) and adjusted
odds ratios (aORs) with 95% confidence intervals (Cls). Using
logistic regression, the ORs were adjusted in 2 multivariable mo-
dels. The first model (Model 1) was adjusted for country, maternal
age and parity. The second model (Model 2) was also adjusted for
smoking, BMI, depression, diabetes and hypertension. To assess
the impact of severity of psoriasis on the adverse pregnancy and
birth outcomes, separate analyses were performed comparing
women with severe and non-severe psoriasis with women without
psoriasis. Furthermore, absolute risks were estimated and presen-
ted as number of attributable cases.

Sensitivity analyses

In sensitivity analyses, psoriasis was re-defined, requiring at least
one recorded diagnosis of psoriasis by I[CD-10 code and separately
requiring a diagnosis within the 5 years prior to the start of the
pregnancy to determine the exposure. In another analysis, the wo-
men on systemic anti-psoriatic treatment during pregnancy were
excluded (data on request). To address misclassification of PsA/
RA sensitivity analyses were also performed of PsA, excluding
women who had a diagnosis of RA after their latest PsA diagnosis,
and more frequent RA diagnoses than PsA diagnoses. Sensitivity
analyses with BMI and maternal age as continuous variables were
performed (Tables SI-SIII").

RESULTS

A total of 741,973 women with 952,907 pregnancies
were included during the study period, of whom 608,372
(68%) were from Sweden and 344,535 (32%) from
Denmark. In 8,097 (0.9%) of the pregnancies, the crite-
ria for psoriasis was met, and of these 312 (4%) of the
pregnancies were categorized as severe psoriasis cases,
while 964 (11%) pregnancies fulfilled the criteria of PsA.

Baseline characteristics of the pregnancies in women
with and without psoriasis, and prescribed drugs before
and during pregnancy are shown in Table I. Women with
psoriasis and PsA were older and more frequently had a
high pre-pregnancy BMI (Table I and Table SIV'). They
were more often smokers and more often diagnosed with
diabetes, hypertension, and depression, compared with
women without psoriasis. The differences were more
pronounced in women with severe psoriasis and women
with PsA, than among those with non-severe psoriasis.
Newborns of women with psoriasis were more likely
to have a higher Apgar compared with healthy women
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Table I. Maternal characteristics of singleton births with psoriasis (all and by severity), with psoriatic arthritis and without psoriasis or
psoriatic arthritis, in Denmark and Sweden between 1 April 2007 and 31 December 2012

Psoriasis (All) Severe psoriasis® Non-severe psoriasis® Psoriatic arthritis

Women without psoriasis

Characteristics n (%) n (%) n (%) n (%) n (%)
Total 8,097 (100.0) 312 (100.0) 7,785 (100.0) 964 (100.0) 943,846 (100.0)
Maternal age at delivery
13-19 years 106 (1.3) 2 (0.6) 104 (1.3) 1(0.1) 14,594 (1.5)
20-24 years 831 (10.3) 35(11.2) 796 (10.2) 77 (8.0) 117,410 (12.4)
25-29 years 2,198 (27.1) 89 (28.5) 2,109 (27.1) 200 (20.7) 278,776 (29.5)
30-34 years 3,025 (37.4) 105 (33.7) 2,920 (37.5) 385 (39.9) 330,501 (35.0)
>35 years 1,937 (23.9) 81 (26.0) 1,856 (23.8) 301 (31.2) 202,551 (21.5)
Missing 0(.) 0(.) 0(.) 0(.) 14 (.)
Parity
Primiparous 3,216 (39.9) 127 (41.4) 3,089 (39.8) 351 (36.6) 420,684 (44.9)
Multiparous 4,845 (60.1) 180 (58.6) 4,665 (60.2) 609 (63.4) 516,759 (55.1)
Missing 36 (.) 5(.) 31 (.) 4(.) 6,403 (.)
Smoking
Non-smoker 6,727 (85.8) 226 (74.8) 6,501 (86.2) 807 (86.6) 831,560 (91.1)
Smoker 1,114 (14.2) 76 (25.2) 1,038 (13.8) 125 (13.4) 81,329 (8.9)
Missing 256 (.) 10 (.) 246 (.) 32 (.) 30,957 (.)
Pre-pregnancy BMI
11.0-18.4 223 (3.0) 12 (4.1) 211 (2.9) 17 (1.9) 30,499 (3.5)
18.5-24.9 4,141 (55.2) 144 (49.5) 3,997 (55.4) 473 (53.6) 526,275 (60.3)
25.0-29.9 1,908 (25.4) 72 (24.7) 1,836 (25.5) 241 (27.3) 206,516 (23.7)
>30.0 1,232 (16.4) 63 (21.6) 1,169 (16.2) 152 (17.2) 108,930 (12.5)
Missing 593 (.) 21 () 572 (.) 81 (.) 71,626 (.)
Country
Sweden 4,770 (58.9) 134 (42.9) 4,636 (59.6) 696 (72.2) 602,906 (63.9)
Denmark 3,327 (41.1) 178 (57.1) 3,149 (40.4) 268 (27.8) 340,940 (36.1)
Comorbidity
Diabetes 229 (2.8) 12 (3.8) 217 (2.8) 22 (2.3) 15,238 (1.6)
Hypertension 433 (5.3) 29 (9.3) 404 (5.2) 51 (5.3) 35,250 (3.7)
Depression 1,328 (16.4) 70 (22.4) 1,258 (16.2) 208 (21.6) 103,305 (10.9)
Rheumatoid arthritis 36 (0.4) 15 (4.8) 21 (0.3) 137 (14.2) 2,433 (0.3)
Inflammatory bowel disease 110 (1.4) 20 (6.4) 90 (1.2) 35 (3.6) 7,987 (0.8)
Antipsoriatic treatment before or during pregnancy
Antipsoriatics® 69 (0.9) 69 (22.1) 0 (0.0) 4 (0.4) 0 (0.0)
Etanercept 33 (0.4) 33 (10.6) 0 (0.0) 74 (7.7) 384 (0.0)
Infliximab 19 (0.2) 19 (6.1) 0 (0.0) 23 (2.4) 385 (0.0)
Adalimumab 26 (0.3) 26 (8.3) 0 (0.0) 40 (4.1) 369 (0.0)
Golimumab 1(0.0) 1(0.3) 0 (0.0) 1(0.1) 3(0.0)
Certolizumab 5(0.1) 5(1.6) 0 (0.0) 1(0.1) 130 (0.0)
Calcipotriol 3,350 (41.4) 178 (57.1) 3,172 (40.7) 185 (19.2) 0 (0.0)
Calcipotriol + betamethasone 2,999 (37.0) 122 (39.1) 2,877 (37.0) 151 (15.7) 0 (0.0)
Topical mometasone + salicylate 45 (0.6) 2 (0.6) 43 (0.6) 0(.) 0 (0.0)
Methotrexate 215 (2.7) 215 (68.9) 0 (0.0) 236 (24.5) 1,425 (0.2)
Ciclosporin 21 (0.3) 21 (6.7) 0(0.0) 18 (1.9) 162 (0.0)
Ustekinumab 2 (0.0) 2 (0.6) 0 (0.0) 0 (0.0) 1(0.0)
Efalizumab 10 (0.1) 10 (3.2) 0 (0.0) 2(0.2) 1 (0.0)
Abatacept 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5(0.0)
Leflunomide 1(0.0) 1(0.3) 0 (0.0) 2(0.2) 6 (0.0)
Systemic corticosteroids 840 (10.4) 77 (24.7) 763 (9.8) 313 (32.5) 63,140 (6.7)
Systemic anti-psoriatic treatment during pregnancyd 26 (0.3) 26 (8.3) 0 (0.0) 47 (4.9) 461 (0.0)

2Severe psoriasis was defined by: psoriasis cohort with systemic drug administration with at least one dispensed prescription of any of the following drugs; methotrexate
(LO4AX03), and/or ciclosporin (LO4ADO01), systemic anti-psoriatic treatment (DO5B) and/or biologic agents anti-TNF, ustekinumab, efalizumab, abatacept, leflunomide
(LO4AB, LO4ACO5, LO4AA21, LO4AA24, LO4AA13) before pregnancy. PNon-severe psoriasis was defined by the use of anti-psoriatic topical drugs, or diagnosis of psoriasis
without recorded treatment. “Anti-psoriatics, drugs belonging to ATC DO5B. dMethotrexate (LO4AX03), and/or ciclosporin (LO4AD01), systemic anti-psoriatic treatment
(DO5B) and/or biologic agents: anti-TNF, ustekinumab, efalizumab, abatacept, leflunomide (LO4AB, LO4ACO5, L04AA21, LO4AA24, LO4AAL3).

(Table II). Co-morbidity as RA and IBD was more
common in those categorized as having PsA.

Adverse pregnancy and birth outcomes

When adjusting for maternal age, parity and country
(Model 1), we found an increased risk of gestational
diabetes (aOR 1.36, 95% CI 1.18-1.57), gestational
hypertension (aOR 1.26, 95% CI 1.10-1.44) and pre-
eclampsia (aOR 1.28, 95% CI 1.14—1.44) in pregnancies
in women with psoriasis. In addition, women with pso-
riasis had increased risks of elective caesarean section

www.medicaljournals.se/acta

(aOR 1.17,95% CI 1.08-1.26) and emergency caesarean
section (aOR 1.16, 95% CI 1.08-1.26) (Table II). The
absolute risks of gestational diabetes and gestational hy-
pertension were 7 and 6 per 1,000 women, respectively.
The corresponding numbers for pre-eclampsia, elective
and emergency section were 9, 13 and 13, respectively.

In Model 2, in which we adjusted for all co-variates, we
found increased risks of gestational diabetes (aOR 1.20,
95% CI 1.02-1.40), gestational hypertension (aOR 1.17,
95% CI 1.02—1.35) and pre-eclampsia (aOR 1.15, 95% CI
1.01-1.30) in women with psoriasis. Furthermore, there
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Table II. Risk of adverse pregnancy and birth events in singleton pregnancies with and without psoriasis. Pregnancies without psoriasis

serves as reference

Without psoriasis
n=943,846
n (%)

Crude
OR (95% CI)

Model 12
OR (95% CI)

Model 2°
OR (95% CI)

Psoriasis

n=8,097
Adverse event n (%)
Gestational diabetes® 215 (2.7)
Gestational hypertension® 231 (2.9)
Antepartum haemorrhage 211 (2.6)
Venous thromboembolism 19 (0.2)
Pre-eclampsia 323 (4.0)
Elective caesarean 835 (10.3)
Emergency caesarean 863 (10.7)
Preterm birth (<37 weeks) 436 (5.4)
Very or extremely preterm birth (<32 gestational weeks) 70 (0.9)
Moderate preterm birth (32-36 weeks) 366 (4.5)
Apgar <7 154 (1.9)
Small for gestational age (SGA) 175 (2.2)
Low birth weight 300 (3.7)
Stillbirth 23(0.3)
Congenital malformations 346 (4.3)

17,418 (1.8)
21,988 (2.3)
23,712 (2.5)

2,126 (0.2)
30,954 (3.3)
80,817 (8.6)
88,140 (9.3)
47,207 (5.0)

7,852 (0.8)
39,355 (4.2)
19,470 (2.1)
20,693 (2.2)
32,643 (3.5)

3,471 (0.4)
39,739 (4.2)

1.45 (1.26-1.68)
1.23 (1.08-1.41)
1.04 (0.90-1.19)
1.04 (0.66-1.64)
1.23 (1.09-1.38)
1.23 (1.14-1.33)
1.16 (1.08-1.25)
1.08 (0.98-1.19)
1.04 (0.81-1.33)
1.09 (0.98-1.21)
0.92 (0.78-1.08)
0.99 (0.85-1.15)
1.07 (0.95-1.21)
0.77 (0.50-1.18)
1.02 (0.91-1.13)

1.36 (1.18-1.57)
1.26 (1.10-1.44)
1.06 (0.93-1.22)
0.97 (0.61-1.55)
1.28 (1.14-1.44)
1.17 (1.08-1.26)
1.16 (1.08-1.26)
1.11 (1.00-1.22)
1.07 (0.84-1.37)
1.11 (1.00-1.24)
0.98 (0.83-1.15)
1.02 (0.87-1.19)
1.10 (0.97-1.23)
0.82 (0.53-1.25)
1.03 (0.93-1.15)

1.20 (1.02-1.40)
1.17 (1.02-1.35)
0.98 (0.84-1.13)
0.88 (0.54-1.45)
1.15 (1.01-1.30)
1.11 (1.02-1.20)
1.09 (1.01-1.18)
0.97 (0.87-1.08)
0.88 (0.66-1.17)
0.99 (0.88-1.11)
0.89 (0.74-1.06)
0.93 (0.79-1.1)

0.95 (0.84-1.09)
0.74 (0.46-1.19)
1.01 (0.90-1.13)

2Model 1: adjusted for country, maternal age, parity. Adjusted complete-case analyses include 8,061 (99.6%) with psoriasis and 937,430 without psoriasis (99.3%).
bModel 2: adjusted for country, maternal age, parity, body mass index, hypertension, diabetes, mellitus, depression, smoking. Adjusted complete-case analyses include
7,398 (91.4%) with psoriasis and 860,520 (91.2%) without psoriasis. For prevalence numbers for adjusted analyses, see Table SV'. “Only women without prescriptions

of antidiabetic and antihypertensive medications up to 1 year prior to pregnancy were eligible to develop gestational diabetes or hypertension, respectively.

OR: odds ratio; CI: confidence interval.

was an increased risk of delivery by elective caesarean
section (aOR 1.11, 95% CI 1.02-1.20) or emergency
caesarean section (aOR 1.09, 95% CI 1.01-1.18). The
absolute risks of gestational diabetes and gestational
hypertension were 4 in 1,000 women. The corresponding
numbers for pre-eclampsia, elective and emergency sec-
tion were 5, 9 and 8, respectively.

Children of women with psoriasis had higher Apgar
score compared with women without psoriasis. However,
the association was not significant. For both models, no
increased risks of antepartum haemorrhage, venous th-
romboembolism, preterm birth, SGA, stillbirth or major

congenital malformations were found in women with
psoriasis. Changing the definition of psoriasis to require
arecorded diagnosis and excluding the women who had
systemic treatment during pregnancy did not change the
results (data available on request).

Risks of adverse pregnancy and birth outcomes in
women with severe psoriasis are presented in Table I11.
In model 2, we found further increased estimates for
gestational hypertension (aOR 2.22, 95% CI 1.22-3.68),
pre-eclampsia (aOR 1.69, 95% CI 1.02-2.82), moderate
preterm birth (aOR 1.64, 95% CI 1.03-2.61.) and low
birth weight (aOR 1.81, 95% CI 1.14-2.89). The ab-

Table III. Risk of adverse events in singleton pregnancies by severity of psoriasis (non-severe and severe psoriasis). Pregnancies without

psoriasis serves as reference

Non-severe psoriasis®

Severe psoriasis®

n=7,785 n=312

Model 1° Model 2¢ Model 1° Model 2¢
Adverse event n (%) OR (95% CI) OR (95% CI) n (%) OR (95% CI) OR (95% CI)
Gestational diabetes? 198 (2.5)  1.31(1.13-1.53) 1.17(1.00-1.38) 17 (5.4) 2.49 (1.41-4.4)  1.66 (0.89-3.11)
Gestational hypertensiond 214 (2.8)  1.21(1.05-1.39) 1.13(0.98-1.31) 17(5.4) 2.55(1.52-4.26) 2.12 (1.22-3.68)
Antepartum haemorrhage 204 (2.6)  1.07 (0.93-1.23) 0.98 (0.84-1.14) 7 (2.2) 0.96 (0.46-2.03) 0.84 (0.38-1.87)
Venous thromboembolism 19 (0.2) 1.01 (0.63-1.61) 0.92 (0.56-1.51) 0 (0.0) 0.00 (.-.) 0.00 (.-.)
Pre-eclampsia 300 (3.9)  1.24 (1.10-1.4) 1.12 (0.99-1.28) 23 (7.4) 2.31(1.47-3.61) 1.69 (1.02-2.82)
Elective caesarean 794 (10.2)  1.15(1.07-1.25)  1.10 (1.01-1.19) 41 (13.1) 1.51 (1.06-2.16) 1.35 (0.92-1.99)
Emergency caesarean 818 (10.5) 1.15(1.06-1.24)  1.07 (0.99-1.17) 45 (14.4) 1.57 (1.11-2.23) 1.42 (1.00-2.03)
Preterm birth (<37 weeks) 408 (5.2) 1.08 (0.97-1.19) 0.94 (0.84-1.06) 28 (9.0) 1.85(1.22-2.82) 1.57 (0.99-2.47)
Very or extremely preterm birth (<32 gestational weeks) 66 (0.9) 1.05 (0.82-1.35)  0.87 (0.65-1.16) 4(1.3) 1.57(0.47-5.23) 1.13(0.26-4.96)
Moderate preterm birth (32-36 weeks) 342 (4.4)  1.08 (0.97-1.21)  0.96 (0.85-1.08) 24 (7.7) 1.89 (1.21-2.93) 1.64 (1.03-2.61)
Apgar <7 148 (1.9)  0.97 (0.83-1.15)  0.89 (0.74-1.08)  6(1.9) 1.03 (0.46-2.28) 0.73 (0.27-1.93)
SGA (small for gestational age) 164 (2.1)  0.99 (0.84-1.16)  0.92 (0.78-1.09) 11 (3.5) 1.76 (0.91-3.39) 1.18 (0.58-2.41)
Low birth weight 277 (3.6) 1.05 (0.93-1.19) 0.92 (0.80-1.05) 23 (7.4) 2.25(1.45-3.49) 1.81 (1.14-2.89)
Stillbirth 22(0.3)  0.81(0.52-1.26)  0.73 (0.45-1.2) 1(0.3) 0.93(0.13-6.58) 0.93 (0.13-6.58)
Congenital malformations 335(4.3)  1.04 (0.93-1.16)  1.02 (0.91-1.15) 11 (3.5) 0.89 (0.49-1.61) 0.76 (0.39-1.46)

2Severe psoriasis was defined by: psoriasis cohort with systemic drug administration with at least 1 dispensed prescription of any of the following drugs; methotrexate
(LO4AX03), and/or ciclosporin (LO4ADO01), systemic anti-psoriatic treatment (DO5B) and/or biologic agents anti-TNF, ustekinumab, efalizumab, abatacept, leflunomide
(LO4AB, LO4ACO5, LO4AA21, LO4AA24, LO4AA13) before pregnancy. Non-severe psoriasis was defined by the use of topical anti-psoriatic drugs, or diagnosis of psoriasis
without recorded treatment. PModel 1: adjusted for country, maternal age, parity. Adjusted complete-case analyses include 7,754 (99.6%) with non-severe psoriasis,
307 (98.4%) with severe psoriasis and 937,430 without psoriasis (99.3%). “Model 2: adjusted for country, maternal age, parity, BMI, hypertension, diabetes, mellitus,
depression, smoking. Adjusted complete-case analyses include 7,115 (91.4%) with non-severe psoriasis, 283 (90.7%) with severe psoriasis and 860,520 (91.2%)
without psoriasis. For prevalence numbers for adjusted analyses, see Table svi, dOnIy women without prescriptions of antidiabetic and antihypertensive medications up
to 1 year prior to pregnancy were eligible to develop gestational diabetes or hypertension, respectively.
OR: odds ratio; CI: confidence interval; BMI: body mass index.
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Table IV. Risk of adverse events in singleton pregnancies, psoriatic arthritis® (n =964). Pregnancies without psoriasis serves as reference

Adverse event

n (%)

OR (95% CI)

Model 1°
OR (95% CI)

Model 2¢
OR (95% CI)

Gestational diabetes®
Gestational hypertension
Antepartum haemorrhage

Venous thromboembolism

Pre-eclampsia

Elective caesarean

Emergency caesarean

Preterm birth (<37 weeks)

Very or extremely preterm birth (<32 gestational weeks)
Moderate preterm birth (32-36 weeks)

Apgar <7

SGA (small for gestational age)

Low birth weight

Stillbirth

Congenital malformations

d

24 (2.5)
40 (4.1)
26 (2.7)

5(0.5)
49 (5.1)

135 (14.0)
107 (11.1)

60 (6.2)

8 (0.8)
52 (5.4)
19 (2.0)
16 (1.7)
37 (3.8)

4(0.4)
48 (5.0)

1.35 (0.89-2.06)
1.81 (1.29-2.54)
1.08 (0.73-1.59)
2.31 (0.96-5.56)
1.58 (1.17-2.12)
1.74 (1.42-2.12)
1.21 (0.98-1.49)
1.26 (0.96-1.65)
1.00 (0.50-2)
1.31 (0.98-1.75)
0.96 (0.61-1.5)
0.75 (0.46-1.23)
1.11 (0.80-1.54)
1.13 (0.42-3.02)
1.19 (0.89-1.59)

1.33 (0.87-2.02)
1.76 (1.26-2.48)
1.05 (0.71-1.55)
2.16 (0.90-5.21)
1.65 (1.22-2.22)
1.54 (1.25-1.88)
1.26 (1.02-1.56)
1.31 (1.00-1.71)
1.04 (0.52-2.09)
1.36 (1.02-1.81)
1.03 (0.66-1.62)
0.79 (0.48-1.29)
1.17 (0.84-1.62)
1.18 (0.44-3.15)
1.17 (0.88-1.56)

1.21 (0.79-1.87)
1.60 (1.13-2.29)
1.04 (0.70-1.56)
2.19 (0.91-5.28)
1.49 (1.08-2.05)
1.47 (1.18-1.81)
1.15 (0.92-1.45)
1.25 (0.94-1.65)
0.87 (0.39-1.94)
1.32 (0.98-1.77)
1.03 (0.64-1.67)
0.72 (0.42-1.22)
1.07 (0.75-1.52)
0.97 (0.31-3.02)
1.14 (0.84-1.55)

@Psoriasis arthritis (PsA): defined as a diagnosis of PsA (ICD-10 code L405, M073). PModel 1: adjusted for country, maternal age, parity. Adjusted complete-case analyses
include 960 (99.6%) with psoriatic arthritis and 937,430 without psoriasis (99.3%). “Model 2: adjusted for country, maternal age, parity, body mass index, hypertension,
diabetes, mellitus, depression, smoking. Adjusted complete-case analyses include 870 (90.2%) with psoriatic arthritis and 860,520 (91.2%) without psoriasis. For
prevalence numbers for adjusted analyses, see Table svi, dOnly women without prescriptions of antidiabetic and antihypertensive medications up to 1 year prior to
pregnancy were eligible to develop gestational diabetes or hypertension, respectively.

OR: odds ratio; CI: confidence interval.

solute risks found for gestational diabetes, gestational
hypertension and pre-eclampsia were 12, 25 and 21 per
1,000, respectively. The corresponding numbers for pre-
term birth, elective and emergency section and low birth
weight were 25, 27, 34 and 26, respectively. Women with
PsA had increased risk of gestational hypertension (aOR
1.60,95% CI 1.13-2.29), pre-eclampsia (aOR 1.49, 95%
CI 1.08-2.05) and delivery by elective caesarean section
(aOR 1.49, 95% CI 1.18-1.81) (Table IV).

DISCUSSION

Adverse pregnancy and birth outcomes

In this population-based study, including all singleton
births in Sweden and Denmark from 1 April 2007 to 31
December 2012, we found increased risks of gestatio-
nal diabetes, gestational hypertension, pre-eclampsia,
and elective and emergency caesarean section among
women with psoriasis compared with women without
psoriasis. The associations were stronger among women
with severe psoriasis, who also had increased risks of
preterm birth and low birth weight. Women with PsA had
increased risk of gestational hypertension, pre-eclampsia
and delivery by elective caesarean section.

The associations between psoriasis and gestational
diabetes and gestational hypertension have not been
reported previously. Both gestational diabetes and
gestational hypertension have been linked to the deve-
lopment of diabetes and cardiovascular disease later in
life, suggesting the benefits of preventive measures in
this group (16, 17). In our study, women with psoriasis
had an increased risk of pre-eclampsia, regardless of
severity, though this tendency was stronger in women
with severe psoriasis and PsA. The finding of increased
risk of pre-eclampsia in women with severe psoriasis is
in line with a previous population-based study by Yang

www.medicaljournals.se/acta

et al. (18), who compared 1,483 pregnant women with
psoriasis with 11,704 pregnant women without psoriasis.
The authors found a positive correlation between severe
psoriasis and pre-eclampsia. However, mild psoriasis
was not associated with pre-eclampsia. These different
findings may be explained by a relatively limited number
of psoriasis patients in the previous study, and the dif-
ferent definitions of psoriasis severity used.

Women with psoriasis had an increased risk of birth by
elective or emergency caesarean section. In 2 previous
studies, no association was found between psoriasis and
caesarean delivery, while another study found psoriasis
to be an independent risk factor for caesarean delivery
(6, 10, 18). The increased risk of caesarean section may
be attributed in part to a high BMI and depression among
those with psoriasis, since both BMI and depression are
independently linked to delivery by caesarean section
(19, 20). The association, however, did not disappear
in the fully adjusted analysis, which may imply that the
effect of psoriasis on caesarean section is not exclusively
related to these conditions.

Preterm birth is associated with increased morbidity
and mortality both early and later in life (21, 22). Our
finding of increased risk of preterm birth among those
with severe psoriasis has not been reported previously.
The higher risk of preterm birth was observed mainly
for moderate preterm birth, which is reassuring, since
the risks for the infant decline with higher gestational
age at birth. We found no increased risk of antepartum
haemorrhage, venous thromboembolism, Apgar <7, and
congenital malformation. These findings are in line with
earlier findings (23).

The finding of increased risk of gestational hyperten-
sion, pre-eclampsia and delivery by elective caesarean
section in women with PsA has not been reported pre-
viously. However, co-morbidity as RA and IBD was more
frequent in women with PsA. Both conditions have been
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linked to adverse pregnancy and birth outcomes (24, 25).
The increased risk of adverse pregnancy outcomes in
women with PsA may also be attributed partly to a high
pre-pregnancy BMI, hypertension and depression among
those with PsA. The association, however, persisted in
the fully adjusted analyses and in sensitivity analyses,
which may imply that the effect is not exclusively related
to these conditions.

Potentially modifiable risk factors for women with
psoriasis

Obesity, diabetes, hypertension and depression were
more common among women with psoriasis in this
study, particularly among those with severe psoriasis and
PsA. These findings are in accordance with a previous
study (26) and all these conditions have previously been
associated with increased risks of adverse pregnancy
and birth outcomes. The co-existence of psoriasis and
obesity is, at least in part, attributed to the regulation of
adipokines secreted by the visceral fat. High levels of
TNF and interleukin 6 (IL-6), present in both psoriasis
and obesity, have been associated with insulin resistance
and diabetes. Obesity is already seen at a young age,
and the fat is often more centrally, rather than generally
distributed in patients with psoriasis. The presence of
central adiposity in early life suggests that the obesity
may, in part, be genetically determined (27-29). Also,
obesity is a risk factor for severe psoriasis and it may
trigger psoriasis development in genetically susceptible
individuals (30). In addition, weight reduction may im-
prove psoriasis symptoms (31). Depression is suspected
to be an independent risk factor for the development of
psoriasis, and the inflammatory pathways of psoriasis
and depression are similar (32, 33). Smoking, which
may trigger the development of psoriasis (34, 35), was
observed more frequently among women with psoriasis
in this study, illustrating the unhealthy lifestyle pre-
viously linked to psoriasis. BMI, hypertension, diabetes
and depression are confounding factors, but may also be
considered as causal intermediates that lie on the pathway
through which psoriasis exerts its effects. Thus, we found
it appropriate to present both models. The attenuation of
the risks, when adjusting for these conditions, indicate
that lifestyle changes may potentially reduce risks of
adverse pregnancy and birth outcomes.

The management of psoriasis and PsA in pregnant
women is challenging, since the physician and patient
must balance teratogenic risks associated with certain
drug therapies with potential adverse pregnancy outco-
mes from uncontrolled skin and joint inflammation. Use
of systemic anti-psoriatic drugs during pregnancy may
be unavoidable in a limited proportion of women with
psoriasis. Some anti-psoriatic drugs, e.g. methotrexate,
have been found to negatively affect pregnancy and
birth outcomes. It was not possible to study the effect
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of drug exposure during pregnancy as too few women
were exposed: only 73 women had a prescription of any
systemic anti-psoriatic drug during pregnancy. When
excluding these women from the analysis, estimates
remained unchanged.

Strengths and limitations

A major strength of this study is its large size and
population-based design, comprising all singleton births
during the study period in Sweden and Denmark, which
makes it feasible to study multiple and rare outcomes,
and limits selection bias. Furthermore, adjustments for
potential confounding factors were made in regression
analyses using available data. However, the risk of bias
may still exist, as some factors (e.g. genetic factors) are
not accounted for in epidemiological studies.

Data were not collected primarily for research purpo-
ses and misclassification may exist. However, potential
misclassification is most likely non-differential, leading
to bias towards the null.

A high proportion of women with PsA also had a di-
agnosis of RA. We therefore ran sensitivity analyses to
assess the impact of potential misclassification of RA vs.
PsA. This had minor effects on the results for the PsA
cohort, showing slightly lower point estimates, but may
have removed some bias from misclassification.

Changing the definition of psoriasis in sensitivity ana-
lyses did not change the results. Systemic drug treatment
and a diagnosis of psoriatic arthritis were used as a proxy
for severe disease, which may incorrectly classify some
women with severe psoriasis as non-severe, again leading
to a dilution of risks. However, the use of systemic tre-
atment and/or being diagnosed with psoriatic arthritis
generally reflects a severe disease course. It was not
possible to compare this with clinical data on psoriasis
severity, e.g. Psoriasis Area Severity Index (PASI).

Conclusion

Pregnant women with psoriasis and PsA more often
exhibit an unhealthy lifestyle and are at increased risk
of adverse pregnancy and birth outcomes. Modifiable
lifestyle factors should be addressed in women with
psoriasis who are of childbearing age.
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