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Down syndrome (DS) is the most common chromosomal condition and affects many
organs including the skin. Dermatologists are an integral part of the DS care team.
This is a review of both common and rare dermatologic conditions in DS. We pro-

vide practical strategies for a successful dermatology interview and examination. We

USA explore the downstream effects of trisomy of chromosome 21, in particular on the
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1 | INTRODUCTION

Down syndrome (DS), or trisomy 21, is the most common chromosomal
condition diagnosed in the United States with an estimated worldwide
incidence of one in every 1000 births. About 200-300 genes are found
on chromosome 21, and the added gene products translate to a variety
of potential medical conditions. Although often overlooked in research
and health care guidelines, the skin can be significantly affected in peo-
ple with DS.>2 A study on the prevalence of medical conditions in young
adults with DS found 56% of those surveyed reported skin findings.

In this review, a general overview of DS and practical examination
strategies are provided. We comprehensively review associated derma-
tologic conditions, with particular emphasis on more common diseases
including adnexal, eczematous, and cutaneous autoimmune disorders
(Table 1). Throughout the review, trisomy of chromosome 21 and resulting
downstream effects are explored, in particular the effect on the immune
system. At the conclusion, clinicians should feel confident in their approach
to a patient with DS and anticipate potential dermatologic diagnoses.

2 | OVERVIEW OF DOWN SYNDROME

An estimated 200,000 individuals with DS reside in the United
States today.4 Certain medical conditions are more common,

immune system, and how these insights may enhance our pathophysiologic under-

standing of their cutaneous conditions.
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including hearing deficits, visual problems, hematologic/oncologic
disorders, congenital heart disease, and endocrinopathies.5 Elevated
body mass index (BMI) is also highly prevalent and a recent literature
review found up to 70% of people with DS were classifed as over-
weight or obese.® This could be relevant to several skin conditions
including hidradenitis suppurativa and psoriasis.

Features of both immunodeficiency and immune dysregulation
are common in DS. Upper and lower respiratory tract infections
result in significant morbidity and mortality.” Autoimmune condi-
tions such as Hashimoto thyroiditis, celiac disease, type | diabetes,
alopecia areata, and juvenile idiopathic arthritis are more frequent.®
The extent of immune dysregulation is complex. Current research
suggests dysfunction of innate and adaptive systems, anomalies in T
and B cells, atypical monocytes, impaired neutrophil chemotaxis, ab-
normal circulating cytokines, and suboptimal antibody responses.®
The skin offers a unique window into understanding these immune
pathways.

While many known complications in DS are found, medical ben-
efits are also well described. These include a reduced incidence of
solid organ tumors, atherosclerotic disease, hypertension, throm-
boembolic stroke, asthma, and allergy.9'14 These observations will
be of particular interest when we discuss hidradenitis suppurativa
(HS), psoriasis, eczematous dermatitis, and cutaneous malignancies
in patients with DS.
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Evidence-based health care guidelines for children and adults
are available to guide practitioners in a preventative care model.}2
Improved knowledge and care of associated medical conditions
have contributed to a greater life span, dramatically increasing from

12 years old in 1940 to 55 years old in 2016.1>1¢

3 | THE PATIENT VISIT

Successful evaluation of the skin in any patient requires a level of
trust and confidence from the patient toward the clinician. This same
concept applies to patients with DS but may often require additional
preparation and forethought. For patients who will likely have fu-
ture visits to the dermatologist, creating an adaptive care plan that
addresses specific needs of the individual patient should be consid-
ered.”” Also, several toolkits are available to help prepare the patient
and the clinician for a visit.*®

People with DS often have speech difficulties ranging from being
completely non-verbal to full sentence structure with intermittent
challenges in articulation. Clinicians should recognize that expres-
sive speech difficulties do not often correlate with receptive lan-
guage skills.? In addition, documentation in the chart detailing any
degree of hearing loss is encouraged so that appropriate communi-
cation aids can be made available.?°

While many patients with DS will present to a clinical setting
with a support person (eg, a parent, health care aide, or support
staff), clinicians should introduce themselves directly to the patient
first. As much as developmentally possible, medical concerns should
be obtained directly from the patient, and prematurely interrupting
a partially expressed thought should be avoided since this can exac-
erbate speech difficulties such as stuttering.

We often find it helpful to discuss personal hygiene routines
since many of their skin conditions required topical treatments.

Helpful questions include the following:

e “Doyou like the way water feels? How often do you take a shower
or bath?”

e “Does anyone help you with your bathing routine? If so, who?”

e “How long does it take for you to take a shower/bath?”

e “Do you like the way lotion feels on your skin? How about some-

thing more greasy like Vaseline?”

A complete dermatologic examination will often require
changing into a medical gown. Patients with DS may have chal-
lenges with transitions or may have sensory difficulties that make
this step more difficult.?! Establishing the sense of a safe en-
vironment through respectful and congenial history taking can
often ameliorate these challenges. In addition, giving the patient
a sense of control over aspects of the examination yet still main-
taining the overall direction of the examination is an important
skill for clinicians to practice. Helpful phrases could include the
following:

TABLE 1 Dermatologic conditions in Down syndrome by
category

Dermatologic condition

Adnexal
Folliculitis
Hidradenitis suppurativa
Acne vulgaris
Xerotic and eczematous
Xerosis
Hyperkeratosis
Keratosis pilaris
Eczematous dermatitis
Seborrheic dermatitis
Cutaneous autoimmune
Alopecia areata
Vitiligo
Infection and infestation
Tinea pedis/onychomycosis
Angular cheilitis
Folliculitis/furunculosis
Scabies
Oral and perioral conditions
Cheilitis
Angular cheilitis
Lingua plicata
Papulosquamous
Psoriasis
Hematologic/oncologic
Transient abnormal myelopoiesis
Benign cutaneous neoplasms
Syringomas
Milia-like idiopathic calcinosis cutis
Eruptive dermatofibromas
Elastosis perforans serpiginosa
Vascular reactions and anomalies
Livedo reticularis

Premature aging

e “Would you like to change into a yellow gown or a blue gown?”
e “Would you prefer that | look at your arms or your legs first?”
e “If you want, can you show me with your hands where your rash

is?”

We strongly encourage a complete skin examination. As will
be discussed below, many associated skin conditions can occur in
hidden areas such as the scalp, armpits, groin, and feet. A focused
examination addressing only a chief complaint could overlook skin
conditions in need of expertise.
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4 | DERMATOLOGIC CONDITIONS
4.1 | Adnexal conditions

Follicular occlusion disorders, including folliculitis and hidrad-
enitis suppurativa, are among the most common cutaneous con-
ditions in patients with DS.2228 Folliculitis was first described
as Pityrosporum folliculitis on the chest and back.??° Recent
publications have described a refractory inflammatory folli-
culitis concentrated on the thighs and buttocks that can result
in anetoderma-like scar formation (Figure 1A,1B).22:24.27.28,31
Several studies have found this form of folliculitis to be the most
common skin diagnosis, and many patients have a concomitant
diagnosis of HS, suggesting these conditions may be along the
same continuum,?2-2427.28

Hidradenitis suppurativa appears to be more prevalent in DS
(Figure 1C,1D).32 A population-based cross-sectional analysis of
nearly 12 000 DS patients found a 2.1% prevalence of HS vs. 0.3% in
controls.?® Given these findings, the US and Canadian Hidradenitis
Suppurativa Foundations have recently recommended annual HS
screening in patients with DS.%% HS also appears to present at a
younger age, typically during adolescence, with several reports
of preadolescent occurrence.?>3335 The most common reported
Hurley stages are I-Il, but further research is needed on clinical se-

verity and response to treatments.?#35%7

FIGURE 1 Adnexal disordersin Down
syndrome. (A) Anterior thigh folliculitis

in a 12 year-old girl. (B) Anetoderma-like
scarring on the buttocks where folliculitis
resolved in the same patient. (C) Groin
hidradenitis suppurativa in a 15 year-old
man. (D) Axillary hidradenitis suppurativa
in a 17 year-old woman

Dermatology

Trisomy of chromosome 21 and subsequent effects on the im-
mune system and pilosebaceous apocrine unit could predispose
to folliculitis and HS. Individuals with DS may have an increased
amount of amyloid precursor protein (APP) since the encoding gene
is located on chromosome 21.38 APP is expressed in the epidermis
and stimulates keratinocyte adhesion, migration, and proliferation;
therefore, increased amounts of APP may predispose to follicular oc-
clusion.?®%? Gamma-secretase, a transmembrane enzyme mutated
in familial cases of HS, may also be involved. In DS, gamma-secretase
may be sequestered to process the excess APP leading to defective
Notch signaling.*® Chronic immune dysregulation in DS may also
promote microbial growth, leading to cutaneous dysbiosis.

Obesity is a commonly shared comorbidity in patients with HS
and DS. In a recent study, the majority of DS patients with HS were
obese (68.2%).28 HS is known to be associated with metabolic syn-
drome and an increased risk of adverse cardiovascular outcomes.*142
While areported decrease in hypertension and atherosclerotic events
is found to be observed in patients with DS, we do not know whether
this applies to those with HS. Given the increasing average life expec-
tancy, these potential associations will be essential to explore.

Limited studies are found on acne in DS.27*3 A cross-sectional
study of 89 patients aged 10-28 years reported a prevalence of
70.8%. In our experience, acne is not an uncommon diagnosis en-
countered in our dermatology practices, but additional research is

needed.
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4.2 | Xerotic and eczematous conditions

Xerosis is a common skin condition of all ages and is often considered
part of the DS phenotype (Figure 2A).22 Several conditions related to
xerosis are commonly seen, including keratosis pilaris and hyperker-
atosis of the extensor and palmoplantar surfaces (Figure 2B).2>%7:28
Eczematous dermatitis can also occur. While earlier studies reported
atopic dermatitis was a major cutaneous finding of DS, this has since
been challenged when Hanifin and Rajka atopic dermatitis criteria
were applied.** In our experience, eczematous dermatitis is often on
the face, back, and hands in the setting of severe xerosis or possible
irritant/allergic contact dermatitis.

Seborrheic dermatitis is also a common finding.22*>#” This can
be limited to the scalp, but also extend to the face and intertriginous
areas (Figure 2C,D), thus potentially on the spectrum of sebopsoriasis.
Seborrheic dermatitis in DS tends to present at a younger age and fol-
lows a more severe, chronic course. The pathophysiology of seborrheic
dermatitis is poorly understood, but is known to be more frequent in
individuals with immunologic defects. These defects may affect the
relationship between the skin barrier and cutaneous microorganisms
such as Malassezia and could explain why it is more common in DS.

4.3 | Autoimmune skin conditions

Alopecia areata (AA) occurs more often in DS (Figure 3A). Studies
evaluating prevalence are limited, but figures vary from 1.3% to 11%
compared with 0.1% to 0.2% in the general population.*®*’ AA tends
to appear earlier in life, often between ages 5 and 10 years.?>?8 Patch
type, totalis, and universalis have all been observed, and additional
research is needed to determine whether a more severe, refractory
phenotype is common. Vitiligo may also be more common, and both
conditions have been observed concomitantly.?%#¢:50

As previously discussed, it is well established that autoimmune
diseases occur more often in DS. Of interest, the autoimmune regula-
tor (AIRE) gene, which regulates self-recognition and T-cell function,
is located on chromosome 21. Reduced AIRE expression has been
observed in DS, which could lead to a greater propensity for auto-
immune conditions, as is seen in autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy (APECED), an autosomal recessive
condition caused by mutations in the AIRE gene.>"™>®

Hyperactive interferon (IFN) is also of particular interest.
Chromosome 21 encodes four of the six IFN receptor subunits,
including type 1 IFN, IFN-«, and IFN-y, and these receptors are
overexpressed in multiple DS cell types.®*> This could explain
the observed “super-induction” of downstream JAK/STAT sig-
naling and IFN-stimulated genes in cells of individuals with DS.%¢
IFN-y has been implicated as central to the mechanism of both AA
and vitiligo.>”*® JAK-1 inhibition is a potential therapeutic target,
and clinical trials are currently underway in patients with DS with
skin conditions including AA, vitiligo, atopic dermatitis, and HS.>?

When the diagnosis of AA is made, providers should confirm
thyroid screening is up to date. According to recent guidelines,

thyroid function studies should be performed at ages 6 months and
12 months, annually beginning at age 1 year, and every 1-2 years

beginning at age 21 years.}?

4.4 | Infections and infestations

As previously mentioned, individuals with DS are known to have an in-
creased susceptibility to certain infections, particularly of the respiratory
tract. The two most common cutaneous infections and infestations re-
ported are crusted scabies and dermatophytes, specifically tinea pedis
and onychomycosis (Figure 3B). These observations may be an overesti-
mate since many early studies were of patients living in institutions.*>¢°
There has also been discussion of increased cutaneous candida infec-
tions and bacterial infections, but additional studies are needed.®>%?

Despite the current literature's shortcomings, dermatophyte in-
fections appear to be more common at a younger age in DS.28¢% Also,
several informative case reports describing crusted scabies initially
misdiagnosed as psoriasis and inappropriately treated with immuno-
suppression are found.®*¢” Crusted scabies may be more common in
DS given underlying immunodeficiency and immune dysregulation; it is
well documented that immunocompromised patients are at increased
risk of developing crusted scabies. Given this knowledge, crusted sca-
bies should be on the differential diagnosis when a patient with DS
presents with generalized erythrodermic dermatitis, keratoderma, or
onychodystrophy.

4.5 | Oral and perioral conditions

Oral manifestations are frequent among patients with DS.
Macroglossia and decreased oral motor tone are common. This can
lead to pooling of saliva within the oral commissures and increase sa-
liva around the mouth (Figure 3C). The irritating properties of saliva
can cause lip fissures and angular cheilitis. In addition, the oral cavity
may have higher opportunistic infections, especially Candida species,
which could contribute to angular cheilitis.®* Lingua plicata can also
be present and should be considered a benign finding (Figure 3D).

4.6 | Papulosquamous conditions

Psoriasis may be associated with DS, although existing literature
is limited. The reported incidence ranges between 0.5% and 8%.%8
There have been case reports of various presentations including
mild-to-severe disease, annular pustular psoriasis, and concomitant
psoriatic arthritis.® 7! The association between obesity and psoriasis
in DS needs to be further explored, as does cardiovascular disease
risk.22 While DS appears to be protective against atherosclerotic dis-
ease and hypertension, myocardial infarction in the setting of psoria-
sis has been reported.”?> We recommend following current psoriasis
comorbidity screening recommendations for adult and pediatric pa-
tients with DS until this has been further studied.”>7*

d ‘TS 10T “OLY1STST

:sdy wioxy papeoy

:sdny) suonIpuo) pue suud L, 3y RS *[£20¢/71/21] uo Areaqr autquQ KA “Areaqr 93910D yinounseq £q 1€L1°9pd/1111°01/10p/wod Kapim: &.

SULION /WO KATM"

9-pi

QSURDIT SUOWWO)) AR d[qedridde ayp £q pauroaoS are sA[ONIE Y asn JO SA[NI 10 AIRIQIT dUI[UQ KJ[TAN UO (SUONT



RYAN ET AL.

Pediatric

CWILEY-®

FIGURE 2 Xerotic and eczematous
disorders in Down syndrome. (A)

Hand xerosis in a 26 year-old man. (B)
Hyperkeratosis of the extensor knee in a
21 year-old man. (C) Seborrheic dermatitis
on the frontal scalp in a 13 year-old girl.
(D) Axillary seborrheic intertrigo in the
same patient

FIGURE 3 Autoimmune, infections,
and oral conditions in Down syndrome.
(A) Alopecia areata in a 6 year-old boy.

(B) Onychomycosis in a 7 year-old girl. (C)
Cheilitis and pooling of saliva within the
oral commissures of a 21 year-old man. (D)
Lingua plicata in the same patient

4.7 | Hematologic/oncologic conditions
4,71 | Transient abnormal myelopoiesis

Leukemia develops in 2%-3% of all patients with DS, in particular
acute myeloid leukemia.’ Transient abnormal myelopoiesis (TAM),
formerly called transient myeloproliferative disorder, is a form
of myeloid pre-leukemia occurring in up to 10% of neonates with
DS.”> Somatic mutations in the GATA1 gene are responsible for this

-

Y | (D
iy (D)
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.

leukemogenic condition.”® TAM more frequently affects males,

which may be due to the presence of the GATA gene on the X
chromosome.

Skin findings of TAM occur in only 5% of those diagnosed.
Cutaneous morphology includes vesicles, vesiculopustules, and
crusted papules, which appear on the face, trunk, and extremities,
and in areas of trauma, such as venipuncture sites.”” These lesions,
which typically occur between days 1 and 21 (median 3 days), do
not seem to correlate with the number of circulating white blood
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cells or blasts.”® The cutaneous findings may be the only initial clue
identifying DS in a neonate with mild clinical features or trisomy 21
mosaicism. It is thus important to place TAM on the differential of a
neonatal vesiculopustular eruption.

TAM can be evaluated by performing a microscopic examina-
tion of contents from the base of a pustule, which shows immature
myelocytes and promyelocytes.”” Although TAM usually resolves
spontaneously, early detection and monitoring by a pediatric hema-
tologist is recommended since 20%-30% will develop leukemia, spe-
cifically acute megakaryoblastic leukemia (AMKL).?

4.8 | Benign cutaneous neoplasms

4.8.1 | Syringomas

Syringomas have an incidence approximately 30 times higher in DS
than in the general population, ranging between 18.5% and 39.2%

(Figure 4A)7879 They are more common in women than in men, and

prevalence increases with age.77 The typical morphology is similar to

(A)

FIGURE 4 Cutaneous tumors in Down syndrome. (A)
Syringomas in a 14 year-old woman. (B) Elastosis perforans
serpiginosa in a 25 year-old man

the general population; they present as small 1-3 mm flesh-colored-
to-yellowish disklike papules most commonly in the periorbital region.
Eruptive syringomas have also been reported with extension onto the
trunk and extremities.®82 They also may coexist with milia-like calci-
nosis cutis (discussed below) or present as milium-like syringomas.%'86

Syringomas typically persist, and treatment is challenging.

4.8.2 | Milia-like idiopathic calcinosis cutis

Milia-like idiopathic calcinosis cutis (MICC) is a rare condition that

5.8°88 |t typically presents as asympto-

can occur in children with D
matic small, firm, and white papules, sometimes with an erythema-
tous halo. They are most often located on acral sites. Serum calcium
and phosphorus levels are normal, therefore classifying MICC as a
form of idiopathic calcinosis cutis. Pathogenesis is unclear. Since le-

sions tend to self-resolve by adulthood, treatment is unnecessary.

4.8.3 | Eruptive dermatofibromas

Multiple eruptive dermatofibromas (MDF) are defined by 4-8 der-
matofibromas occurring over a 4 months period.®” The majority of
MDF cases have been associated with autoimmune conditions or
immunodeficiency, which may explain the association with DS.7°
Several cases of MDF have been reported in the literature with the
lesions developing within a short period ranging from 3 months to

3 years.89‘91'92

4.8.4 | Elastosis perforans serpiginosa

Elastosis perforans serpiginosa (EPS) is believed to be more com-
mon in DS, although the exact prevalence is unknown (Figure 4B).
It is unclear why this association occurs, but it could be related to
connective tissue dysplasia.”® EPS typically occurs in older children
and young adults.”” Locations include face, neck, abdomen, and ex-
tremities. A variety of morphologies have been described, including
annular, arcuate, and serpiginous hyperkeratotic papules. It can also
present as a more extensive, generalized form.”®° There have been
cases of spontaneous remission, but many are chronic.??%¢ If the le-

sions do resolve, they can leave behind atrophic scars.

4.9 | Vascular reactions and anomalies

Livedo reticularis is a common finding, although it is not often dis-
cussed in the literature. This tends to persist through adulthood and
is considered a benign finding. Individuals with DS may have a re-
duced risk of vascular anomalies, including infantile hemangiomas.”’
Elevated expression of anti-angiogenic proteins, including VEGF in-
hibitors, may protect against developing vascular anomalies and may

also play a role in preventing solid tumors.”®
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4.10 | Premature aging

Despite dramatic increases in life span, “accelerated aging” is still
considered part of the DS phenotype. Cutaneous signs include
graying of hair, hair loss, and skin wrinkling. Several mechanistic
proposals, including decreased DNA repair enzymes and altered
free-radical metabolism, are found.”®

4.11 | Atypical and malignant cutaneous neoplasms

Cutaneous malignancies, including melanoma, non-melanoma skin
cancer, and atypical Spitz tumors, have been infrequently reported
in DS.2899102 5everal reported melanoma cases are in pediatric and
adolescent patients with no recorded fatalities. As life expectancy
in DS increases, dermatologists should be aware of the potential for
cutaneous malignancies even though solid tumors are overall less

common.los

5 | CONCLUSION

The skin is often affected in individuals with DS, and dermatologists
should be aware of both common and rare associated diagnoses. We
recommend a thorough cutaneous examination, with particular at-
tention to the scalp, axilla, groin, and feet, as these are locations of
more common skin conditions, including alopecia areata, seborrheic
dermatitis, folliculitis, hidradenitis suppurativa, and dermatophyte
infections. Trisomy of chromosome 21 and the resulting immune
system dysregulation could further our understanding of disease
pathophysiology.
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