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Atopic dermatitis (AD) is a common inflammatory skin disease with a significant global disease bur- 

den. Several mechanisms underlie AD, such as epidermal barrier dysfunction and immune dysregulation, 

which have led to innovative systemic treatment options. Other inflammatory disorders, as well as innate 

and adaptive immune responses, have noted sex differences, but our article highlights a paucity of data 

on the impact of sex, gender, and gender identity on the pathophysiology and systemic treatments of AD. 
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has not been studied. 
What is known about this subject in regard to 

women and their families? 
• Atopic dermatitis (AD) is slightly more prevalent in 

women. 
• The disability-adjusted life-years for patients with 

AD are higher than any other nonmalignant skin 

condition. 
• Many new systemic therapies have been approved 

or are in the late stages of clinical development that 
will significantly improve the quality of life of pa- 
tients with AD and their families. 

What is new from this article as messages for 
women and their families? 

• Female hormones have been shown to promote the 
development of type 2 immunity more than male 
hormones, providing a potential mechanism to ex- 
plain the higher prevalence in women. 

• Atopic dermatitis often flares immediately before 
menstruation and during pregnancy. 

• Little is known about the pregnancy risks of 
newer systemic therapies for atopic dermatitis (e.g., 
dupilumab, tralokinumab, abrocitinib, upadacitinib, 
and baricitinib). 

Introduction 

Atopic dermatitis (AD) has the highest global disease burden

in disability-adjusted life-years of any nonmalignant skin disorder

( Laughter et al., 2021 ). Often widespread eczematous dermatitis

and intense pruritus characterize this common, relapsing, inflam-

matory disease, as well a strong association with other atopic con-

ditions, such as food allergy, asthma, and allergic rhinoconjunctivi-

tis. The complex pathophysiology of AD includes epidermal barrier

dysfunction, immune dysregulation, alteration of skin microbiome,

and neuroimmune interactions ( Kim et al., 2019 ; Stander, 2021 ;

Weidinger et al., 2018 ). Systemic treatments that target these path-

ways have been heralded as a new treatment paradigm in AD. 

The Global Burden of Disease study reported that 15% to 20% of

children and up to 10% of adults have AD ( Laughter et al., 2021 ).

The global age-standardized prevalence varies globally, from China

with 2% to Sweden with 7% ( Laughter et al., 2021 ). This variabil-

ity suggests that there are multiple factors that may influence AD

development ( Kim et al., 2020 ; Tackett et al., 2020 ; Torello, 2014 ).

There are known sex differences in other atopic disorders, such as

asthma ( Holgate et al., 2015 ). Survey-based epidemiology studies

on adult AD reveal a slight female predominance ( Barbarot et al.,

2018 ), but little is known regarding whether or how sex or gender

affects AD pathophysiology or response to systemic treatments. 

Sex is defined as the differential or ganization of chromosomes,

reproductive organs, and gonadal hormone levels ( Klein et al.,

2016 ). The endogenous and exogenous concentrations, locations

of gonadal hormones (estrogens such as 17-B-estradiol [E2], pro-

gestogens such as progesterone [P4], and androgens such as testos-

terone), and interactions with different organ systems differ be-

tween sexes. Sex is distinct from gender, which includes cultural

and social characteristics attributed to being male, female, or non-

binary ( World Health Organization, 2021 ). Gender and sex are re-

lated to but different from gender identity, which reflects a per-

son’s experience of gender. Sex, gender, and gender identity all

contribute to health and impact immunity. All of the literature

cited in this review describe the sex and not gender of study sub-

jects; none of the studies cited in this review recruited transgen-

der or nonbinary participants. This review will examine sex dif-
ferences, when known, in the context of adaptive immunity, and

specifically AD severity, pathophysiology, and systemic treatments. 

Sex differences in innate and adaptive immunity 

Sex differences have been reported in both innate and adap-

tive immune in vitro responses, but for the purposes of this re-

view, we will highlight adaptive immunity. Effects of sex on in-

nate immune response have been reviewed elsewhere ( Klein et

al., 2016 ). Sex differences in lymphocyte subpopulations have been

noted. Female subjects have higher resting and activated CD4 + T

lymphocyte ( Abdullah et al., 2012 ; Lee et al., 1996 ) and CD19 +
B lymphocyte counts ( Abdullah et al., 2012 ; Furman et al., 2014 )

compared with male subjects. Polyclonal activation with phyto-

hemagglutinin of peripheral blood mononuclear cells from female

subjects results in greater interleukin (IL)-4 and IL-10 production

than from male subjects ( Giron-Gonzalez et al., 20 0 0 ). In terms of

antibody production, adult female subjects have higher total im-

munoglobulin (Ig) E, IgG, and IgM levels compared with male sub-

jects ( Abdullah et al., 2012 ; Furman et al., 2014 ). In contrast, cord

blood IgE levels in male neonates were significantly higher than in

female neonates in a small single-center study ( Liu et al., 2003 ).

These sex differences in adaptive immunity are thought to be me-

diated on both a genetic and acquired (i.e., hormonal differences)

basis. 

There are many endogenous and exogenous examples of differ-

ential gonadal hormone concentrations, which affect inflammatory

responses (summarized by Kanda et al., 2019 ). Estrogen receptor a

(ERa) is highly expressed on many T lymphocyte subtypes ( Phiel

et al., 2005 ), and high levels of estrogens are thought to promote

a T H 2 and T regulatory (reg) phenotype. In human and mouse studies,

periovulatory and pregnancy levels of E2 increased IL-4 and IL-

10 production from murine ERa + CD4 + T lymphocytes ( Lambert et

al., 2005 ). In mice, pregnancy levels of E2 increased Foxp3 expres-

sion and CD25 + cell number, markers of T reg ( Tai et al., 2008 ). In

vitro and in vivo, P4 has a significant pro-T H 2 effect ( Straub, 2007 ).

P4 increases the production of IL-4 by inducing a progesterone-

inducible blocking factor that binds IL-4a/progesterone-inducible

blocking factor heterodimer, leading to Janus kinase (JAK)/pathway

activation ( Kozma et al., 2006 ; Piccinni et al., 1995 ). P4 also pro-

motes differentiation of fetal T lymphocytes into Foxp3 + T reg in

human cord blood ( Lee et al., 2011 ). 

Androgens have a contrasting effect on T lymphocytes. Testos-

terone treatment of dendritic cells and prostate stromal cells re-

duces in vitro production of IL-4 and IL-13 from cocultured T lym-

phocytes ( Hepworth et al., 2010 ; Vignozzi et al., 2012 ). The Foxp3

promoter has an androgen response element, leading to androgen-

mediated enhanced expression of Foxp3 in human T cells ( Walecki

et al., 2015 ). In summary, estrogens and progestogens promote

T H 2 pathways and T reg development, and androgens exert a sim-

ilar effect on T reg development but an opposite effect on T H 2

pathways. 

Based on this, one might hypothesize that more type 2 immune

targeted therapies (i.e., dupilumab, tralokinumab, lebrikizumab,

and nemolizumab) could possibly be more effective in female than

male patients with AD. There are no peer-reviewed publications

evaluating the question of whether these drugs have greater clin-

ical efficacy in female patients (after controlling for differences in

pharmacokinetics). The effects of sex, and more specifically hor-

mones, on the adaptive immune response clearly warrants further

investigation. The fact that AD affects both sexes with only a slight

female predominance could indicate that sex and the associated

hormonal differences are not key drivers of AD immunopathology.

The effect of gender or gender identity on immune responsiveness



608 K.L. Tuttle, J. Forman and L.A. Beck / International Journal of Women’s Dermatology 7 (2021) 606–614 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sex differences in the pathophysiology of atopic dermatitis 

Next, we next sought to determine the impact of sex and gen-

der on the pathophysiology of AD, with a particular focus on epi-

dermal barrier function, immune dysregulation, and skin dysbiosis.

Reduced expression of filaggrin (through loss-of-function FLG vari-

ants or other mechanisms), increased protease/antiprotease activ-

ity, reduced expression of tight junction proteins (claudins -1, -4,

and -23), and abnormal lipid composition and organization are all

thought to contribute to the epidermal barrier defects observed in

subjects with AD ( Stander, 2021 ). 

Contrasting data exist on the influence of sex on epidermal

barrier defects. Loss-of-function FLG variants predispose to AD ar-

guably by inducing skin barrier defects; in a parent-of-origin study

in European families with AD, children of FLG- carrier mothers had

a 1.5-fold increased risk of AD compared with FLG -carrier fathers,

but this was only found when the mother was sensitized to com-

mon allergens ( Esparza-Gordillo et al., 2015 ). This suggests that a

maternal FLG -variant may have effects on early life development,

potentially by affecting conditions during pregnancy that confer a

greater risk for AD development than paternal transmission of FLG

mutation. 

In adults without AD, basal transepidermal water loss is higher

in men than women, but in a study of children with AD, no sex dif-

ferences were found in basal transepidermal water loss ( Hon et al.,

2020 ). In a mouse model of AD with tape stripping, castration of

male mice or antagonism of the androgen receptor enhanced skin

barrier recovery after tape stripping ( Kao et al., 2001 ). We were

unable to find studies that identified sex differences in filaggrin

expression, protease/antiprotease activity, or tight junction expres-

sion/function in subjects with AD. 

Skin dysbiosis, characterized by an abundance of Staphylococ-

cus aureus , is thought to be a contributing factor to AD develop-

ment and severity ( Paller et al., 2019 ). The 16S rRNA sequencing of

the AD skin microbiome is notable for reduced bacterial diversity,

which is a function of disease severity and is characterized not just

by the increased expression of S. aureus , but also the reductions

of the genera Streptococcus , Corynebacterium , and Propionibacterium

( Kong et al., 2012 ). There is a paucity of data examining the role of

sex or gender in skin microbiota; however, cross-sectional studies

have recently found that prepubertal younger children have less

lipophilic microbes, such as Corynebacterium, Cutibacterium, and

Malassezia , compared with postpubertal young adults ( Oh et al.,

2012 ; Park et al., 2021 ). It would be interesting to test whether

these pubertal changes in skin microbiome may in any way help

promote AD remission which we think can occur in up to 70% of

childhood onset cases. 

Epidermal barrier disruption and skin microbiome are thought

to contribute to the immune dysregulation observed in patients

with AD. AD lesions consist of CD4 + T lymphocytes, eosinophils,

and dendritic cell subsets, which are key drivers of inflammation

( Weidinger et al., 2018 ). Release of alarmins from epidermal barrier

disruption or innate receptor stimulation (IL-33, IL-25, and TSLP)

activate innate lymphoid 2 cells and initiate a T H 2 response char-

acterized by the production of IL-4, IL-5, and IL-13, as well as IL-31.

Downstream signaling of these cytokines is mediated by JAK/STAT

pathways. TSLP specifically increases OX40 ligand, which binds to

OX40 ligand receptor on naive T cells, stimulating production of IL-

4 and IL-13. IL-4 and IL-13 promote IgE class switching ( Weidinger

et al., 2018 ). The in vitro and in vivo data summarized earlier

in this review allow for us to hypothesize that sex differences,

in part mediated by either endogenous or exogenous hormones,

could amplify or abrogate several steps in this inflammatory

cascade. 

 

 

Sex differences in the severity of atopic dermatitis 

There are many examples where sex steroid levels are al-

tered exogenously, including administration of oral contraceptives,

gender-affirming hormonal therapy, and gonadotropin-releasing

hormone modulators. Menarche and pregnancy are physiological

states where sex steroids change endogenously. AD worsens dur-

ing the premenstrual phase of menses in 33% to 64% of subjects

and during pregnancy in 52% to 61% of subjects ( Kemmet et al.,

1991 ; Ricci et al., 2012 ; Weatherhead et al., 2007 ). Although there

are other biological variables that might explain this observation,

this does suggest that an increase or decrease in estrogens and

progestogens may contribute to AD mechanisms. We were unable

to find literature that addressed whether AD severity changed in

response to the use of exogenous sex steroid or sex steroid modu-

lators. 

In summary, sex and gender are understudied variables in AD

and in clinical immunology in general. In a study evaluating how

often scientific papers reported the sex of animal or human sub-

jects, immunology ranked the lowest of 10 biological disciplines

( Beery et al., 2011 ). We commend funding agencies and journals

that encourage increased focus on sex and gender as key biological

variables to consider. 

New systemic atopic dermatitis treatments 

For this review, we limited our discussion to new systemic

AD treatments that have completed pivotal phase 3 trials, bio-

logics targeting type 2 immunity, and oral JAK inhibitors (JAKi).

Dupilumab is a Food and Drug Administration (FDA)– and Euro-

pean Medicines Agency (EMA)–approved fully humanized mono-

clonal antibody targeting the IL-4 receptor alpha subunit, which ef-

fectively blocks signaling of IL-4 and -13. Tralokinumab, (approved

by the European Medicines Agency in the second quarter of 2021)

and lebrikizumab (recently granted FDA Fast-track status) are bi-

ologics that target IL-13. Nemolizumab targets the IL-31 receptor

and is not yet approved for the treatment of AD in any country.

Three JAKi are awaiting FDA safety review: Abrocitinib (approved

in the United Kingdom and Japan), baricitinib (approved in the

European Union, Japan, and Australia), and upadacitinib, (just ap-

proved in the European Union). 

A phase 3 assessment of the safety and efficacy of dupilumab

began with two identical clinical trials (SOLO 1 and 2) in adults

with moderate to severe AD. Significantly more dupilumab-treated

patients achieved disease improvement, as measured by the In-

vestigator Global Assessment (IGA), Eczema Area and Severity In-

dex (EASI)-75, and Peak Pruritis Numerical rating scaled (NRS),

with reduced frequency of patient-reported AD symptoms (includ-

ing itch and sleep loss), improvement in quality-of-life (QoL) mea-

sures, and reduced symptoms of anxiety and depression ( Simpson

et al., 2016 ). A subsequent trial (CHRONOS) used the same dosing

scheme but allowed for the use of concomitant topical corticos-

teroids (TCS) to reflect real-world disease management, and repli-

cated all endpoints ( Blauvelt et al., 2017 ). Adults treated for up to

3 years had sustained treatment responses ( Beck et al., 2020 ). 

Phase 3 clinical trials in adolescents and children showed sim-

ilar rates of overall efficacy in dupilumab-treated groups ( Paller

et al., 2020 ; Simpson et al., 2020 ). AD exacerbations, asthma,

and allergic rhinitis flares were abated with normalization of epi-

dermal proteins, reduced scratching, and improved antimicrobial

responses, as noted by fewer bacterial skin and herpes virus

infections ( Guttman-Yassky et al., 2019 ). The adverse effects of

dupilumab included injection site reactions and a range of ocular

complaints (including sicca, conjunctivitis, and blepharitis; Beck et

al., 2020 ; Blauveltet al., 2017 ; Paller et al., 2020 ; Simpson et al.,

2016 ; 2020 ). 
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Tralokinumab and lebrikizumab are biologic drugs that target

IL-13. Two identical, year-long, phase 3 clinical trials (ECZTRA1

and 2) evaluated the efficacy and safety of tralokinumab in adults

with moderate to severe AD ( Wollenberg et al., 2021 ). Signifi-

cantly more tralokinumab-treated adults achieved an IGA score of

0 or 1 and improvements in SCORing Atopic Dermatitis (SCORAD)

patient-reported AD symptoms (including itch and sleep loss) and

QoL. The most prevalent side effects included upper respiratory in-

fections and conjunctivitis. An earlier phase 2b trial that allowed

for concomitant TCS use revealed similar results ( Wollenberg et

al., 2019 ). Phase 2b clinical trials of lebrikizumab in adult patients

revealed dose-dependent efficacy, notably with no significant in-

crease in conjunctivitis rates ( Guttman-Yassky et al., 2020 ). Lebrik-

izumab phase 3 trials have not been reported yet. These data sug-

gest that IL-13 inhibition alone may be sufficient for clinical im-

provement in some adults with AD, possibly with lower rates of

ocular side effects. 

Nemolizumab is an IL-31 receptor A antagonist, a cytokine im-

plicated in the pathogenesis of pruritis. A Japanese phase 3 trial

was recently published, enrolling patients age ≥13 years and al-

lowing concomitant TCS usage ( Kabashima et al., 2020 ). At 16

weeks, pruritis was significantly reduced (visual analogue score

[VAS]) in patients treated with nemolizumab 60 mg, with QoL,

sleep, and EASI scores trending in the same direction, but these

did not achieve statistical significance. Equivalent percentages of

patients in the treatment and placebo groups reported worsening

of AD without significant additional adverse events reported. These

studies highlight the role of IL-31 in AD pruritus, but assessment

of AD signs did not reach statistically significant levels of improve-

ment. 

JAKi are a less selective, anti-inflammatory treatment approach

and have been shown to be highly effective as oral treatments

for the management of AD. JAKs are a group of cytoplasmic tyro-

sine kinases, which regulate the downstream signaling pathway for

many cytokines and growth factors. Many AD-relevant cytokines

signal through JAK1, including IL-4, IL-13, and IL-31. 

Baricitinib is an oral JAK1/2 inhibitor recently approved to treat

adults with moderate to severe AD in the European Union (2 and 4

mg/day). Two identical phase 3 studies, BREEZE-AD1 and BREEZE-

AD2, indicated that 4 mg baricitinib improved AD severity, QoL,

itch, and sleep compared with a placebo, with the 2-mg dose

showing significance with the primary endpoints but variable re-

sponse to the secondary endpoints ( Simpson et al., 2020 ). Malig-

nancy rates were not different from placebo at week 16, but long-

term follow-up studies are needed to adequately address risk for

malignancy. 

Previous rheumatoid arthritis trials have demonstrated rare

cases of venous thromboembolism, but none were reported in

these AD trials. BREEZE-AD3 was an extension of these trials con-

ducted to determine the long-term safety of this medication class,

which showed sustained efficacy through 68 weeks ( Silverberg

et al., 2021 ). Infections, most commonly eczema herpeticum, cel-

lulitis, and pneumonia, were the most common adverse events.

Increased rates of eczema herpeticum appeared to be strongly

linked to AD severity, suggesting that prolonged therapy and im-

provements in lesions may offset these initial increases. Asymp-

tomatic elevations in creatine phosphokinase were noted, possi-

bly due to the importance of JAK1 in myoblast differentiation. Im-

portantly, no increased risks of cardiovascular events, thromboem-

bolic events, or malignancy were reported above background rates.

Notably, rates of conjunctivitis in the baricitinib-treated groups

were lower than that observed in the placebo groups ( Silverberg et

al., 2021 ). A subsequent trial, BREEZE-AD7, revealed added clinical

benefit of simultaneous TCS usage with 4 mg of baricitinib, despite

previous inadequate disease control with TCS alone ( Reich et al.,

2020 ). 
JAK2 is involved in hematopoiesis; thus, a selective JAK1 in-

hibitor may theoretically have a lower risk for cytopenia. Upadac-

itinib, a selective JAK1 inhibitor (15 and 30 mg doses) was stud-

ied in two pivotal phase 3 trials, Measure Up 1 and 2, in ado-

lescents and adult with AD (age 12-75 years). This study showed

clinically meaningful improvements in disease severity (proportion

of patients achieving EASI-75, EASI-90, and EASI-100; proportion

of patients achieving vIGA-AD response compared with placebo),

itch ( ≥4-point improvement in Worst Pruritus-NRS from baseline),

skin pain (AD Symptom Scale skin pain, AD Total Symptom Scale-

7), QoL (Dermatology Life Quality Index [DLQI] improvement of ≥4

and DLQI score of 0 or 1), sleep (AD-Impact Scale sleep domain),

anxiety and depression (Hospital Anxiety and Depression Scale-A

and -D < 8). Herpes zoster, acne, upper respiratory infections, na-

sopharyngitis, headache, asymptomatic elevation in creatine phos-

phokinase levels, and worsening of AD were the notable adverse

events ( Guttman-Yassky et al., 2021 ). 

A third pivotal trial evaluated upadacitinib with concomitant

TCS and observed similar efficacy to monotherapy with upadac-

itinib, suggesting little additional benefit of dual-therapy unlike

other biologics (Reich et al., 2021). The Heads Up trial ( Blauvelt et

al., 2021 ) compared the safety and efficacy of upadacitinib (30 mg)

and dupilumab (300 mg q2weeks) and found statistically signifi-

cant improvements in EASI-75 and EASI-100. The rates of eczema

herpeticum and herpes zoster were higher for patients who re-

ceived upadacitinib, whereas rates of conjunctivitis and injection-

site reactions were higher in dupilumab patients. 

Abrocitinib, which is also a JAK1 selective inhibitor, demon-

strated in a phase 3 monotherapy trial (JADE – MONO 1) rapid

and significant improvement in the signs (IGA, EASI75) and symp-

toms (peak pruritus [PP]-NRS, Pruritus and Symptoms Assessment

for Atopic Dermatitis) in adolescent and adult patients with mod-

erate to severe disease after only 12 weeks of treatment ( Simpson

et al., 2020 ). Notably, the benefit observed with abrocitinib did

not plateau by the 12-week timepoint, suggesting that greater im-

provement might be seen with longer treatment durations. Itch

improvement was unusually rapid, with a PP-NRS response ob-

served as early as 2 weeks into treatment for both doses (100

mg and 200 mg per day). Although the study was not designed

to compare to the two doses, the higher dose gave numerically

greater efficacy than the lower dose. 

In the phase 3 JADE COMPARE trial, adults with moderate to

severe AD were randomized to abrocitinib at 10 0 or 20 0 mg per

day dosing, approved dupilumab dosing, or placebo ( Bieber et al.,

2021 ). Abrocitinib 200 mg was superior to dupilumab in itch re-

sponse at 2 weeks (4-point improvement in PP-NRS) and had nu-

merically greater efficacy at 12 and 16 weeks as measured by

IGA and EASI-75. No serious thromboembolic, major cardiovascu-

lar events, malignancies, or serious systemic infections were noted,

but abrocitinib appeared to have a dose effect on thrombocytope-

nia, nausea, and acne, which were not observed in dupilumab-

treated patients ( Bieber et al., 2021 ). 

Despite these very promising phase 3 studies in both the bi-

ologics and JAKi, which demonstrated clear efficacy for the treat-

ment of patients with moderate to severe AD, no study has pub-

lished a peer-reviewed paper evaluating whether clinical responses

varied as a function of sex (controlling for pharmacokinetics). En-

rollment of most studies skewed male, with randomization strate-

gies resulting in roughly equal percentages of male and female

subjects in each treatment arm ( Table 1 ). We hope that the analy-

sis of sex on response to these targeted therapies will be addressed

in future publications. 

As noted earlier, pregnancy often leads to AD exacerbation. The

safety and efficacy of dupilumab has not been studied in pregnant

women. Since dupilumab is a recombinant IgG4 monoclonal an-

tibody, the intrauterine exposure from mid-gestation on is likely
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Table 1 

Systemic treatments (type 2 biologics and Janus kinase inhibitors) in AD 

Trial N Age, 

year 

% 

female 

Randomization Duration Concomitant 

TCS 

Primary endpoints Secondary endpoints 

Dupilumab 

MOA: IL-4 receptor antagonist 

SOLO1 671 18 + 41.9 1:1:1 300 mg qw: 300 mg q2w: 

placebo 

16 weeks No Proportion of patients with IGA score 

0 or 1 and reduction from baseline of 

≥2 points 

Improvement from baseline of ≥75% on EASI; 

improvement of ≥4 points at weeks 2, 4, and 16, or of ≥3 

points at week 16 in weekly average of peak scores for 

pruritis; mean percent change from baseline on EASI 

score, SCORAD score, and GISS; mean percent change 

from baseline to week 2 on Pruritis-NRS; proportion of 

patients with EASI-50 or EASI-90, mean change from 

baseline on Pruritis-NRS; percent body-surface area 

affected; DLQI score; POEM score; HADS score 

SOLO2 708 18 + 42.4 1:1:1 300 mg qw: 300 mg q2w: 

placebo 

16 weeks No Same as SOLO1 Same as SOLO1 

CHRONOS 740 18 + 39.7 3:1:3 300 mg qw: 300 mg q2w: 

placebo 

52 weeks Yes Percent patients achieving IGA 0 or 1 

and ≥2-point improvement from 

baseline; EASI-75 from baseline to 

week 16 

Proportion of patients achieving IGA 0 or 1 and ≥2-point 

reduction from baseline at week 52; EASI-75 at week 52; 

PP-NRS improvement (reduction) of ≥4 points (baseline 

to weeks 2, 4, 16, 24, 52), and ≥3 points (baseline to 

weeks 16 and 52), PP-NRS percentage change (baseline to 

weeks 16 and 52); percentage change (baseline to weeks 

16 and 52) in scores for EASI, SCORAD, GISS, PP-NRS (also 

to week 2), change (baseline to weeks 16 and 52) in 

PP-NRS score; percent body surface area affected; POEM; 

HADS; DLQI; proportion of topical medication-free days; 

incidence rate of flares through week 52 

LIBERTY AD ADOL 251 12–17 41 1:1:1 300 mg q4w: weight-based 

regimen q2w (200 mg baseline weight 

< 60 kg; 300 mg baseline weight ≥60 

kg): placebo 

16 weeks No Proportion of patients with IGA score 

of 0 or 1 at week 16; ≥75% 

improvement in EASI (EASI-75) from 

baseline to week 16 

Percent changes from baseline in EASI and PP-NRS at 

week 16; proportion of patients with 3- or 4-point or 

more improvement from baseline in PP-NRS, EASI-50, or 

EASI-90 at week 16; percent change in SCORAD; change 

in Children’s DLQI, POEM, HADS, effect on comorbid 

asthma control using Juniper Asthma Control 

Questionnaire, and allergic rhinitis using Total Nasal 

Symptoms Score 

LIBERTY AD PEDS 367 6–11 50.1 1:1:1 300 mg q4w: weight-based 

regimen q2w (100 mg q2w, baseline 

weight < 30 kg; 200 mg q2w, baseline 

weight ≥30 kg): placebo 

16 weeks Yes Proportion of patients with IGA score 

of 0 or 1 at week 16; ≥75% 

improvement in EASI (EASI-75) from 

baseline to week 16 (EU only) 

Percent change in EASI and weekly average of PP-NRS 

from baseline to week 16 

EXPLORE 54 18 + 44.4 1:1 200 mg qw: placebo 16 weeks No Mean percent change in EASI scores 

from baseline to week 16 

PP-NRS scores and proportions of patients achieving 

reduction of ≥50%, ≥75%, and ≥90% from baseline in EASI 

and SCORAD scores at week 16; mean percent change 

from baseline to week 16 in total SCORAD score, POEM 

score, total GISS, and GISS components 

Tralokinumab 

MOA: IL-13 antagonist 

ECZTRA1 802 18 + 40.9 3:1 300 mg q2w: placebo; at week 16 

those who met IGA of 0 or 1 or 

EASI-75 rerandomized 2:2:1 300 mg 

q2w: 300 mg q4w: placebo for 36 

weeks maintenance treatment; those 

who achieved clinical response on 

placebo continued placebo q2w; those 

not achieving clinical response were 

transferred to open-label 300 mg q2w 

with optional TCS 

52 weeks No IGA score of 0 or 1 at week 16; 

EASI-75 at week 16 

Reduction of weekly average daily WP-NRS of ≥4 points; 

change in SCORAD; change in DLQI, EASI-50, EASI-90, and 

POEM 

( continued on next page ) 
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Table 1 ( continued ) 

Trial N Age, 

year 

% 

female 

Randomization Duration Concomitant 

TCS 

Primary endpoints Secondary endpoints 

ECZTRA2 794 18 + 40.4 3:1 300 mg q2w: placebo 52 weeks No IGA score of 0 or 1 at week 16; 

EASI-75 at week 16 

Reduction of weekly average daily WP-NRS of ≥4 points; 

change in SCORAD; change in DLQI, EASI-50, EASI-90, and 

POEM 

Phase 2b trial 204 18–75 46.1 1:1:1:1 45 mg q2w: 150 mg q2w: 300 

mg q2w: placebo 

12 weeks Yes Change in EASI score from baseline to 

week 12; percentage of participants 

achieving IGA response of 0 or 1 with 

reduction of ≥2 from baseline to week 

12 

Change from baseline in EASI and SCORAD scores by visit 

up to week 22; percent with reduction of ≥50% in EASI 

score and reduction of ≥50% in SCORAD score at week 

12; percent achieving IGA response by visit up to week 

22; change in Pruritis-NRS and DLQI from baseline to 

week 12 

Lebrikizumab 

MOA: IL-13 antagonist 

Phase 2b Trial 280 18 + 59.3 2:3:3:3 placebo q2w: 125 mg q4w: 

250 mg q4w: 250 mg q2w 

16 weeks No Percent change from baseline in EASI 

to week 16 

Proportion of patients achieving IGA of 0 or 1; proportion 

with at least 50%, 75%, and 90% improvement in EASI; 

percent change from baseline on Pruritis-NRS, proportion 

with ≥4-point improvement in Pruritis-NRS; percent 

change from baseline in total BSA involvement; change in 

POEM; change in DLQI 

Nemolizumab 

MOA: IL-31 receptor antagonist 

JapicCTI- 173740 215 13 + 34.4 2:1 60 mg q4w: placebo 16 weeks Yes Percent change in weekly mean VAS 

score for pruritis from baseline to 

week 16 

Time course of percent change in daily VAS score for 

pruritis up to week 4; percent change in EASI score from 

baseline to week 16; percent patients with score ≤4 on 

DLQI; percent patients with ≥4 point decrease from 

baseline in DLQI; percent patients with score ≤7 on 

Insomnia Severity Index 

Baricitinib 

MOA: JAK1/2 inhibitor 

BREEZE-AD1 624 18 + 37.3 2:1:1:1 placebo: 1 mg: 2 mg: 4 mg 16 weeks No Superiority of baricitinib 4 mg or 2 

mg over placebo tested via proportion 

of patients achieving vIGA-AD score of 

0 or 1 with a ≥2-point improvement 

from baseline at week 16 

Proportion of patients treated with 1 mg achieving 

vIGA-AD 0 or 1; proportion of patients treated with 

baricitinib achieving 75% and 90% improvement in EASI 

score; percentage change from baseline in total EASI 

score; 75% improvement in SCORAD; mean change from 

baseline in Skin Pain-NRS at 16 weeks; proportion of 

patients achieving ≥4-point improvement in Itch-NRS at 

weeks 1, 2, 4, and 16; mean change from baseline in 

item-2 score of AD Sleep Scale at weeks 1 and 16 

BREEZE-AD2 615 18 + 38.0 2:1:1:1 placebo: 1 mg: 2 mg: 4 mg 16 weeks No Same as BREEZE-AD1 Same as BREEZE-AD1 

BREEZE-AD3 124 18 + 43.5 Responders/partial responders 

continued regimen from 

BREEZE-AD1/2; patients initially 

randomized to placebo or 1 mg were 

1:1 randomized to get 4 mg or 2 mg, 

baricitinib as rescue therapy for AD 

exacerbation; nonresponders receiving 

placebo, 1 mg or 2 mg rerandomized 

1:1 2 mg:4 mg; nonresponders 

receiving 4 mg stayed on 4 mg 

68 weeks No Proportion of patients achieving 

vIGA-AD score of 0 or 1 at weeks 16, 

36, and 52 

Proportion of patients achieving EASI-75 and ≥4-point 

improvement in Itch-NRS 

BREEZE-AD5 440 18 + 49.1 1:1:1 placebo: 1 mg: 2 mg 16 weeks No Proportion of patients achieving ≥75% 

reduction in EASI at week 16 

Itch-NRS, Skin Pain-NRS, AD Sleep Scale from baseline to 

week 16; treatment-emergent adverse events and serious 

adverse events 

( continued on next page ) 
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Table 1 ( continued ) 

Trial N Age, 

year 

% 

female 

Randomization Duration Concomitant 

TCS 

Primary endpoints Secondary endpoints 

BREEZE-AD7 329 18 + 34.4 1:1:1 2 mg: 4 mg: placebo 16 weeks Yes Proportion of patients achieving 

vIGA-AD score of 0 or 1, with a 

≥2-point improvement from baseline 

at week 16 

Proportion of patients achieving 75% and 90% 

improvement in EASI at week 16; 75% improvement in 

SCORAD at week 16; ≥4-point improvement on Itch-NRS 

among patients with baseline score ≥4 on day 2 and 

weeks 1, 2, 4, and 16; percent change from baseline in 

total EASI at week 16; mean percent change in Skin 

Pain-NRS at week 16 and item 2 on AD Symptom Score 

at weeks 1 and 16 

Upadacitinib 

MOA: JAK1 inhibitor 

Measure Up 1 847 12–75 46.2 1:1:1 15 mg: 30 mg: placebo 16 weeks No Proportion of patients achieving 

EASI-75; proportion of patients 

achieving vIGA-AD response of 0 or 1 

with ≥2-point reduction from baseline 

at week 16 

Proportion with ≥4-point improvement in WP-NRS from 

baseline at weeks 1 and 16 (given baseline ≥4); 

proportion achieving EASI-90, EASI-75 at week 2; 

proportion with ≥4-point improvement in WP-NRS at day 

2 for 30 mg group and day 3 for 15 mg group; 

proportion with AD flare; proportion with improvement 

in ADerm-IS sleep domain score from baseline to week 

16; proportion with improvement in ADerm-SS skin pain 

score; proportion with improvement in ADerm-SS 7-item 

total symptom score at week 16; ADerm-IS emotional 

state domain score improvement; ADerm-IS daily 

activities domain score improvement; proportion 

achieving EASI-100 

Measure Up 2 836 12–75 43.7 1:1:1 15 mg: 30 mg: placebo 16 weeks No Same as Measure Up 1 Same as Measure Up 1 

AD Up 901 12–75 39.3 1:1:1 15 mg: 30 mg: placebo 16 weeks Yes Proportion achieving EASI-75 at week 

16; proportion achieving vIGA-AD 

response (score of 0 or 1 with ≥2 

grades of improvement from baseline) 

at week 16 

Proportion achieving ≥4-point improvement in WP-NRS 

score from baseline at weeks 1, 4, and 16 (given score of 

≥4 at baseline); proportion achieving EASI-90 at weeks 4 

and 16; proportion achieving EASI-75 at weeks 2 and 4; 

proportion in 30 mg group achieving EASI-100 at week 

16 

Abrocitinib 

MOA: JAK1 inhibitor 

JADE-MONO1 387 12 + 43 2:2:1 100 mg: 200 mg: placebo 12 weeks No Proportion achieving IGA response 

(score of 0 or 1 with ≥2-grade 

improvement from baseline); 

proportion achieving EASI-75 at week 

12 

Proportion achieving PP-NRS response ( ≥4-point 

improvement from baseline) at weeks 2, 4, and 12; least 

squares mean change from baseline in PSAAD total score 

at week 12; proportion achieving IGA response at weeks 

2, 4, and 8; proportion achieving EASI-75 at weeks 2, 4, 

and 8; proportion achieving EASI-50 and EASI-90 at all 

timepoints; proportion achieving PP-NRS response at 

week 8; time to PP-NRS response; proportion achieving 

improvement of ≥75% in SCORAD 

JADE-COMPARE 838 18 + 51.1 2:2:2:1 200 mg abrocitinib: 100 mg 

abrocitinib: 300 mg dupilumab q2w: 

placebo 

12 weeks Yes IGA response (score of 0 or 1 with 

improvement of ≥2 from baseline); 

EASI-75 at week 12 

Itch response (improvement of ≥4-points on PP-NRS at 

week 2; IGA and EASI-75 response at week 16 

AD, atopic dermatitis; ADerm-IS, Atopic Dermatitis-Impact Scale; ADerm-SS, Atopic Dermatitis-Symptom Scale; BSA, body-surface area; DLQI, Dermatology Life Quality Index; EASI, Eczema Area and Severity Index; EU, European 

Union; GISS, generic impact scoring system; HADS, Hospital Anxiety and Depression Scale; IGA, Investigator Global Assessment; IL, interleukin; JAK, Janus kinase; MOA, mechanism of action; NRS, numerical rating scale; POEM, 

Patient Oriented Eczema Measure; PP, peak pruritis; PSAAD, Pruritus and Symptoms Assessment for Atopic Dermatitis; q2w, every 2 weeks; q4w, every 4 weeks; qw, weekly; SCORAD, SCORing Atopic Dermatitis; TCS, topical 

corticosteroid; VAS, visual analogue score; vIGA-AD, Validated Investigator Global Assessment for Atopic Dermatitis; WP, worst pruritis 

Size of trial, sex-specific enrollment patterns, duration of trial, and primary and secondary outcomes are highlighted in these highlighted phase 3 trials 
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to be quite high ( Koren et al., 2018 ). Based on an appraisal of

the current literature, clinicians are advised to avoid the use of

dupilumab in woman planning pregnancy, who are pregnant, or

who are breastfeeding ( Heilskov et al., 2020 ). Three case reports of

patients with AD who have received dupilumab during pregnancy

have been published ( Kage et al., 2020 ; Lobo et al., 2021 ; Mian et

al., 2020 ). No adverse events were reported for the mother or in-

fant. 

More definitive answers will likely come from the observational

pregnancy-monitoring study enrolling woman from North Amer-

ica to evaluate outcomes of planned or unexpected pregnancies

(NCT04173442; Regeneron Pharmaceuticals and Sanofi), which be-

gan enrollment in 2018 and is expected to be completed early

2026. This study will hopefully clarify the safety and efficacy of

dupilumab treatment in pregnant woman with AD and/or asthma

and their neonates. Little is known about the risks of tralokinumab,

lebrikizumab, or nemolizumab during pregnancy or breastfeeding. 

There is greater concern with the administration of oral JAKi

during pregnancy. In 2016, the European League Against Rheuma-

tism task force recommended avoiding the JAKi tofacitinb dur-

ing pregnancy and lactation due to insufficient data, high breast-

milk concentration, and evidence for teratogenicity in animal stud-

ies ( Gotestam Skorpen et al., 2016 ). No case reports of baricitinib,

upadacitinib, or abrocitinib usage during pregnancy or breastfeed-

ing could be found. Additional studies aimed at investigating the

effects of systemic AD therapies during conception, pregnancy, and

lactation are still needed. 

Conclusion 

What is the role of sex on AD pathophysiology and response

to treatment? The question is more important than ever given

the potential effects of sex and endogenous or exogenous sex hor-

mones on AD immune pathways and the rich pipeline of both tar-

geted and less targeted systemic treatments. To effectively address

the impact of sex and/or gender on the natural history, pheno-

types/endotypes of AD, and response to treatments, large obser-

vational studies will be needed that can be sufficiently powered to

control for key confounders, such as race, ethnicity, socioeconomic

status, access to health care, age of AD onset, and be inclusive of

our diverse gender landscape, as well as unique situations where

endogenous and exogenous hormonal levels fluctuate. 

Acknowledgements 

The authors humbly thank Drs Heidi Kong, Stephen Weidinger,

Alan Irvine, and John Common for their artful and cogent discus-

sions surrounding this manuscript. 

Conflicts of interest: Dr Lisa A. Beck is a consultant for AbbVie,

Allakos, AstraZeneca, Benevolent AIBio, DermTech, Incyte, Janssen,

LEO Pharma, Lilly, Novartis, Pfizer, Principia Biopharma, Rapt Ther-

apeutics, Regeneron, sanofi/Genzyme, sanofi-aventis, and Stealth

Biotherapeutics, as well as an investigator for AbbVie, AstraZeneca,

Kiniksa, LEO Pharma, Pfizer, Regeneron, and sanofi. Dr Katherine

L. Tuttle receives grant funding from the AAAAI Educator Develop-

ment Award. 

Funding: None. 

Study approval: The author(s) confirm that any aspect of the

work covered in this manuscript that has involved human patients

has been conducted with the ethical approval of all relevant bod-

ies. 

References 

Abdullah M , Chai PS , Chong MY , Tohit ERRM , Ramasamy R , Chong PP , et al . Gender

effect on in vitro lymphocyte subset levels of healthy individuals. Cell Immunol

2012;272(2):214–19 . 
Barbarot S , Auziere A , Gadkari A , Girolomoni G , Puig L , Simpson EL , et al . Epidemiol-

ogy of atopic dermatitis in adults: Results from an international survey. Allergy
2018:1284–93 . 

Beck LA , Thaçi D , Mette Deleuran M , Blauvelt A , Bissonnette R , de Bruin-Weller M ,

et al . Dupilumab provides favorable safety and sustained efficacy for up to 3
years in an open-label study of adults with moderate-to-severe atopic dermati-

tis. Am J Clin Dermatol 2020;21(4):567–77 . 
Beery AK , Zucker I . Sex bias in neuroscience and biomedical research. Neurosci

Biobehav Rev 2011;35(3):565–72 . 
Bieber T , Simpson EL , Silverberg JI , Thaçi D , Paul C , Pink AE , et al . Abroc-

itinib versus placebo or dupilumab for atopic dermatitis. N Engl J Med

2021;384(12):1101–12 . 
Blauvelt A , de Bruin-Weller M , Gooderham M , Cather JC , Weisman J , Pariser D ,

et al . Long-term management of moderate-to-severe atopic dermatitis with
dupilumab and concomitant topical corticosteroids (LIBERTY AD CHRONOS): A

1-year, randomised, double-blinded, placebo-controlled, phase 3 trial. Lancet
2017;389(10086):2287–303 . 

Blauvelt A , Teixeira DH , Simpson EL , Costanzo A , De Bruin-Weller M , Barbarot S ,

et al . Efficacy and safety of upadacitinib vs dupilumab in adults with mod-
erate-to-severe atopic dermatitis: A randomized clinical trial. JAMA Dermatol

2021;157(9):1047–55 . 
Esparza-Gordillo J , Matanovic A , Marenholz A , Bauerfeind A , Rohde K , Nemat K ,

et al . Maternal filaggrin mutations increase the risk of atopic dermatitis in chil-
dren: An effect independent of mutation inheritance. PLoS Genet 2015;11 . 

Furman D , Hejblum BP , Simon N , VladJojic V , Dekker CL , Thiébaut R , et al . Sys-

tems analysis of sex differences reveals an immunosuppressive role for testos-
terone in the response to influenza vaccination. Proc Natl Acad Sci U S A

2014;111(2):869–74 . 
Girón-González JA , Moral FJ , Elvira J , Garcia-Gil D , Guerrero F , Gavilan I , et al . Con-

sistent production of a higher TH1:TH2 cytokine ratio by stimulated T cells in
men compared with women. Eur J Endocrinol 20 0 0;143(1):31–6 . 

Götestam Skorpen C , Hoeltzenbein M , Tincani A , Fischer-Betz R , Elefant E , Cham-
bers C , et al . The EULAR points to consider for use of antirheumatic drugs

before pregnancy, and during pregnancy and lactation. Ann Rheum Dis

2016;75:795–810 . 
Guttman-Yassky E , Bissonnette R , Ungar B , Suárez-Fariñas M , Ardeleanu M , Esaki H ,

et al . Dupilumab progressively improves systemic and cutaneous abnormalities
in patients with atopic dermatitis. J Allergy Clin Immunol 2019;143(1):155–72 . 

Guttman-Yassky E , Blauvelt A , Eichenfield LF , Paller AS , Armstrong AW , Drew J , et al .
Efficacy and safety of lebrikizumab, a high-affinity interleukin 13 inhibitor, in

adults with moderate to severe atopic dermatitis: A phase 2b randomized clin-

ical trial. JAMA Dermatol 2020;156(4):411–20 . 
Guttman-Yassky E , Teixeira HD , Simpson EL , Papp KA , Pangan AL , Blauvelt A , et al .

Once-daily upadacitinib versus placebo in adolescents and adults with mod-
erate-to-severe atopic dermatitis (Measure Up 1 and Measure Up 2): Results

from two replicate double-blind, randomised controlled phase 3 trials. Lancet
2021;397(10290):2151–68 . 

Heilskov S , Deleuran MS , Vestergaard C . Immunosuppressive and immunomodulat-

ing therapy for atopic dermatitis in pregnancy: An appraisal of the literature.
Dermatol Ther (Heidelb) 2020;10(6):1215–28 . 

Hepworth MR , Hardman MJ , Grencis RK . The role of sex hormones in the develop-
ment of Th2 immunity in a gender-biased model of Trichuris muris infection.

Eur J Immunol 2010;40:406–16 . 
Holgate ST , Wenzel S , Postma DS , Weiss ST , Renz H , Sly PD . Asthma. Nat Rev Dis

Primers 2015;1(1):15025 . 

Hon KL , Lam PH , Ng WG , Kung JS , Cheng NS , Lin ZX , et al . Age, sex, and disease
status as determinants of skin hydration and transepidermal water loss among

children with and without eczema. Hong Kong Med J 2020;26:19–26 . 
Kabashima K , Matsumura T , Komazaki H , Kawashima M . Trial of nemolizumab

and topical agents for atopic dermatitis with pruritus. N Engl J Med
2020;383(2):141–50 . 

Kage P , Simon JC , Treudler R . A case of atopic eczema treated safely with

dupilumab during pregnancy and lactation. J Eur Acad Dermatol Venereol
2020;34(6):e256–7 . 

Kanda N , Hoashi T , Saeki H . The roles of sex hormones in the course of atopic der-
matitis. Int J Mol Sci 2019;20:46–60 . 

Kao JS , Garg A , Mao-Qiang M , Crumrine D , Ghadially R , Feingold KR , et al . Testos-
terone perturbs epidermal permeability barrier homeostasis. J Investig Dermatol

2001;116:443–51 . 

Kemmet D , Tidman MJ . The influence of the menstrual cycle and pregnancy on
atopic dermatitis. Br J Dermatol 1991;125:59–61 . 

Kim J , Kim B , Leung DYM . Pathophysiology of atopic dermatitis: Clinical implica-
tions. Allergy Asthma Proc 2019;40(2):84–92 . 

Kim JT , Kim HS , Chun YH , Yoon JS , Kim HH . Effect of multi-ethnicity and ancestry
on prevalence of allergic disease. J Microbiol Immunol Infect 2020;53(4):640–6 .

Klein SL , Flanagan KL . Sex differences in immune responses. Nat Rev Immunol
2016;16(10):626–38 . 

Kong HH , Oh J , Deming C , Conlan S , Grice EA , Melony A , Beatson MA , et al . Temporal

shifts in the skin microbiome associated with disease flares and treatment in
children with atopic dermatitis. Genome Res 2012;22(5):850–9 . 

Koren G , Ornoy A . The role of the placenta in drug transport and fetal drug expo-
sure. Expert Rev Clin Pharmacol 2018;11(4):373–85 . 

Kozma N , Halasz M , Polgar B , Poehlmann TG , Markert UR , Palkovics T , et al . Pro-
gesterone-induced blocking factor activates STAT6 via binding to a novel IL-4

receptor. J Immunol 2006;176:819–26 . 

Lambert KC , Curran EM , Judy BM , Milligan GN , Lubahn DB , Estes DM . Estrogen re-

http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0001
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0001
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0001
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0001
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0001
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0001
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0001
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0001
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0002
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0002
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0002
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0002
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0002
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0002
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0002
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0002
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0003
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0003
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0003
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0003
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0003
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0003
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0003
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0003
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0004
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0004
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0004
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0005
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0005
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0005
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0005
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0005
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0005
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0005
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0005
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0006
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0006
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0006
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0006
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0006
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0006
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0006
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0006
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0007
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0007
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0007
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0007
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0007
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0007
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0007
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0007
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0008
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0008
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0008
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0008
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0008
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0008
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0008
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0008
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0009
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0009
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0009
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0009
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0009
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0009
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0009
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0009
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0010
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0010
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0010
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0010
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0010
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0010
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0010
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0010
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0011
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0011
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0011
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0011
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0011
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0011
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0011
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0011
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0012
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0012
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0012
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0012
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0012
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0012
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0012
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0012
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0013
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0013
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0013
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0013
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0013
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0013
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0013
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0013
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0014
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0014
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0014
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0014
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0014
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0014
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0014
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0014
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0015
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0015
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0015
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0015
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0016
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0016
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0016
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0016
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0017
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0017
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0017
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0017
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0017
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0017
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0017
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0018
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0018
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0018
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0018
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0018
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0018
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0018
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0018
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0019
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0019
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0019
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0019
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0019
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020wqn
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020wqn
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020wqn
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020wqn
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0021
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0021
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0021
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0021
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0021
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0021
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0021
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0021
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0022
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0022
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0022
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0023
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0023
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0023
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0023
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0024
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0024
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0024
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0024
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0024
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0024
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0025
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0025
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0025
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0026
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0026
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0026
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0026
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0026
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0026
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0026
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0026
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0026
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0027
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0027
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0027
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0028
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0028
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0028
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0028
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0028
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0028
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0028
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0028
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0029
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0029
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0029
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0029
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0029
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0029
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0029


614 K.L. Tuttle, J. Forman and L.A. Beck / International Journal of Women’s Dermatology 7 (2021) 606–614 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ceptor alpha (ERalpha) deficiency in macrophages results in increased stimu-

lation of CD4 + T cells while 17beta-estradiol acts through ERalpha to increase
IL-4 and GATA-3 expression in CD4 + T cells independent of antigen presenta-

tion. J Immunol 2005;175:5716–23 . 

Laughter M , Maymone M , Mashayekhi S , Arents B , Karimkhani C , Langan S , et al .
The global burden of atopic dermatitis: Lessons from the Global Burden of Dis-

ease Study 1990–2017. Br J Dermatol 2021;184(2):304–9 . 
Lee BW , Yap HK , Chew FT , Quah TC , Prabhakaran K , Chan GS , et al . Age- and sex-re-

lated changes in lymphocyte subpopulations of healthy Asian subjects: From
birth to adulthood. Cytometry 1996;26(1):8–15 . 

Lee JH , Ulrich B , Cho J , Park J , Kim CH . Progesterone promotes differentiation of

human cord blood fetal T cells into T regulatory cells but suppresses their dif-
ferentiation into Th17 cells. J Immunol 2011;187(4):1778–87 . 

Liu CA , Wang CL , Chuang H , Ou CY , Hsu TY , Yang KD . Prediction of elevated cord
blood IgE levels by maternal IgE levels, and the neonate’s gender and gesta-

tional age. Chang Gung Med J 2003;26(8):561–9 . 
Lobo Y , Lee RC , Spelman L . Atopic dermatitis treated safely with dupilumab dur-

ing pregnancy: A case report and review of the literature. Case Rep Dermatol

2021;13(2):248–56 . 
Mian M , Dunlap R , Simpson E . Dupilumab for the treatment of severe atopic der-

matitis in a pregnant patient: A case report. JAAD Case Rep 2020;6(10):1051–2 .
Oh J , Conlan S , Polley EC , Segre JA , Kong HH . Shifts in human skin and nares micro-

biota of healthy children and adults. Genome Med 2012;4(10):77 . 
Paller AS , Kong HH , Seed P , Naik S , Scharschmidt TC , Gallo RL , et al . The microbiome

in patients with atopic dermatitis. J Allergy Clin Immunol 2019;143(1):26–35 . 

Paller AS , Siegfried EC , Thaçi D , Wollenberg A , Cork MJ , Arkwright PD , et al . Efficacy
and safety of dupilumab with concomitant topical corticosteroids in children 6

to 11 years old with severe atopic dermatitis: A randomized, double-blinded,
placebo-controlled phase 3 trial. J Am Acad Dermatol 2020;83(5):1282–93 . 

Park J , Schwardt NH , Jo JH , Zhang Z , Pillai V , Phang S , et al . Shifts in the skin bacte-
rial and fungal communities of healthy children transitioning through puberty.

J Invest Dermatol 2021 S0022–202X(21)01421-4 . 
Phiel KL , Henderson RA , Adelman SJ , Elloso MM . Differential estrogen receptor gene

expression in human peripheral blood mononuclear cell populations. Immunol

Lett 2005;97(1):107–13 . 
Piccinni MP , Giudizi MG , Biagiotti R , Beloni L , Giannarini L , Sampognaro S , et al . Pro-

gesterone favors the development of human T helper cells producing Th2-type
cytokines and promotes both IL-4 production and membrane CD30 expression

in established Th1 cell clones. J Immunol 1995;155:128–33 . 
Reich K , Kabashima K , Peris K , Silverberg JI , Eichenfield LF , Bieber T , et al . Efficacy

and safety of baricitinib combined with topical corticosteroids for treatment of

moderate to severe atopic dermatitis: A randomized clinical trial. JAMA Derma-
tol 2020;156(12):1333–43 . 

Ricci G , Bellini F , Dondi A , Patrizi A , Pession A . Atopic dermatitis in adolescence.
Dermatol Rep 2012;4:e1 . 

Simpson EL , Bieber T , Guttman-Yassky E , Beck LA , Blauvelt M , Cork MJ , et al . Two
phase 3 trials of dupilumab versus placebo in atopic dermatitis. N Engl J Med

2016;375(24):2335–48 . 
Simpson EL , Paller AS , Siegfried EC , Boguniewicz M , Sher L , Gooderham MJ , et al .

Efficacy and safety of dupilumab in adolescents with uncontrolled moderate to
severe atopic dermatitis: A phase 3 randomized clinical trial. JAMA Dermatol

2020a;156(1):44–56 . 

Simpson EL , Lacour JP , Spelman L , Galimberti R , Eichenfield LF , Bissonnette R ,
et al . Baricitinib in patients with moderate-to-severe atopic dermatitis and

inadequate response to topical corticosteroids: Results from two randomized
monotherapy phase III trials. Br J Dermatol 2020b;183(2):242–55 . 

Simpson EL , Sinclair R , Forman S , Wollenberg A , Aschoff R , Cork M , et al . Efficacy
and safety of abrocitinib in adults and adolescents with moderate-to-severe

atopic dermatitis (JADE MONO-1): A multicentre, double-blind, randomised,

placebo-controlled, phase 3 trial. Lancet 2020c;396(10246):255–66 . 
Silverberg JI , Simpson EL , Wollenberg W , Bissonnette R , Kabashima K , DeLozier AM ,

et al . Long-term efficacy of baricitinib in adults with moderate to severe atopic
dermatitis who were treatment responders or partial responders: An extension

study of 2 randomized clinical trials. JAMA Dermatol 2021;157(6):691–9 . 
Straub R . The complex role of estrogens in inflammation. Endocrine Reviews

2007;28(5):521–74 . 

Stander S . Atopic dermatitis. N Engl J Med 2021;384(12):1136–43 . 
Tackett KJ , Jenkins F , Dean S , Morrell McShane DB , Burkhart CN . Structural racism

and its influence on the severity of atopic dermatitis in African American chil-
dren. Pediatr Dermatol 2020;37(1):142–6 . 

Tai P , Wang J , Jin H , Song X , Yan J , Kang Y , et al . Induction of regulatory T cells by
physiological level estrogen. J Cell Physiol 2008;214:456–64 . 

Torrello A . Atopic dermatitis in different skin types. What is to know? J Eur Acad

Dermatol Venereol 2014(28 Suppl 3):2–4 . 
Vignozzi L , Cellai I , Santi R , Lombardelli L , Morelli A , Comeglio P , et al . Antiinflam-

matory action of androgen receptor activation in human benign prostatic hy-
perplasia cells. J. Endocrinol 2012;214:31–43 . 

Walecki M , Eisel F , Klug J , Baal N , Paradowska-Dogan A , Wahle E , et al . Androgen
receptor modulates Foxp3 expression in CD4 + CD25 + Foxp3 + regulatory T-cells.

Mol Biol Cell 2015;26:2845–57 . 
Weatherhead S , Robson SC , Reynolds NJ . Eczema in pregnancy. BMJ 2007;335:152–4 .

Weidinger S , Beck LA , Bieber T , Kabashima K , Irvine A . Atopic dermatitis. Nat Rev

Dis Primers 2018;4(1):1 . 
Wollenberg A , Howell MD , Guttman-Yassky E , Silverberg JI , Kell C , Ranade K , et al .

Treatment of atopic dermatitis with tralokinumab, an anti-IL-13 mAb. J Allergy
Clin Immunol 2019;143(1):135–41 . 

Wollenberg A , Blauvelt A , Guttman-Yassky E , Worm M , Lynde C , Lacour JP ,
et al . Tralokinumab for moderate-to-severe atopic dermatitis: Results from two

52-week, randomized, double-blind, multicentre, placebo-controlled phase III

trials (ECZTRA 1 and ECZTRA 2). Br J Dermatol 2021;184(3):437–49 . 
World Health Organization. Gender and health [Internet]. 2021 [cited 2021 July 1].

Available from: https://www.who.int/health-topics/gender#tab = tab_1 

http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0029
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0030
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0030
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0030
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0030
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0030
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0030
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0030
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0030
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0031
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0031
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0031
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0031
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0031
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0031
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0031
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0031
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0032
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0032
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0032
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0032
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0032
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0032
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0033
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0033
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0033
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0033
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0033
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0033
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0033
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0034
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0034
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0034
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0034
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0035
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0035
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0035
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0035
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0036
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0036
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0036
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0036
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0036
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0036
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0037
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0037
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0037
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0037
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0037
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0037
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0037
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0037
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0038
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0038
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0038
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0038
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0038
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0038
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0038
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0038
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0039
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0039
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0039
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0039
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0039
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0039
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0039
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0039
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0040
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0040
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0040
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0040
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0040
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0041
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0041
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0041
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0041
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0041
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0041
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0041
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0041
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0042
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0042
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0042
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0042
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0042
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0042
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0042
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0042
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0043
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0043
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0043
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0043
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0043
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0043
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0044
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0044
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0044
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0044
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0044
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0044
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0044
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0044
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0045
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0045
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0045
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0045
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0045
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0045
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0045
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0045
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0046
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0046
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0046
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0046
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0046
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0046
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0046
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0046
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0047
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0047
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0047
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0047
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0047
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0047
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0047
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0047
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0048
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0048
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0048
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0048
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0048
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0048
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0048
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0048
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020sd
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0020sd
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0049
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0049
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0050
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0050
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0050
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0050
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0050
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0050
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0051
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0051
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0051
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0051
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0051
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0051
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0051
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0051
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0052
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0052
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0053
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0053
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0053
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0053
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0053
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0053
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0053
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0053
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0054
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0054
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0054
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0054
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0054
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0054
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0054
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0054
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0055
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0055
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0055
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0055
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0056
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0056
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0056
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0056
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0056
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0056
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0057
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0057
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0057
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0057
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0057
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0057
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0057
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0057
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0058
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0058
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0058
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0058
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0058
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0058
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0058
http://refhub.elsevier.com/S2352-6475(21)00124-6/sbref0058

	Novel systemic treatments in atopic dermatitis: Are there sex differences?
	Introduction
	Sex differences in innate and adaptive immunity
	Sex differences in the pathophysiology of atopic dermatitis
	Sex differences in the severity of atopic dermatitis
	New systemic atopic dermatitis treatments

	Conclusion
	Acknowledgements
	References


