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Abstract

Physicians are aware that climatic conditions negatively affect the skin. In particular, people living in equator far countries
such as the Northern parts of Europe and North America are exposed to harsh weather during the winter and may experi-
ence dry and itchy skin, or deterioration of already existing dermatoses. We searched the literature for studies that evalu-
ated the mechanisms behind this phenomenon. Commonly used meteorological terms such as absolute humidity,
relative humidity and dew point are explained. Furthermore, we review the negative effect of low humidity, low tempera-

tures and different seasons on the skin barrier and on the risk of dermatitis. We conclude that low humidity and low tem-
peratures lead to a general decrease in skin barrier function and increased susceptible towards mechanical stress. Since
pro-inflammatory cytokines and cortisol are released by keratinocytes, and the number of dermal mast cells increases,
the skin also becomes more reactive towards skin irritants and allergens. Collectively, published data show that cold and
dry weather increase the prevalence and risk of flares in patients with atopic dermatitis.
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Introduction
The stratum corneum (SC) is a complex structure of anucleated
cells, proteins and lipids that provides protection against inva-
sion of microorganisms and allergens, but importantly also pre-
vents excessive water loss. Intercellular hydrophobic lipids and
osmolytic intracellular molecules such as amino acids, organic
acids, urea and inorganic ions — collectively referred to as natural
moisturizing factors (NMF) — are critical for adequate skin
hydration together with SC thickness.'™

It is broadly accepted that skin barrier functions may be nega-
tively affected by climatic conditions.* ® Notably, the prevalence
of atopic dermatitis (AD) appears to be latitude dependent with
higher estimates in countries distant from the equator.” While
this could be explained by genetic differences, for example com-
mon filaggrin gene mutations, climatic effects on skin barrier
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functions likely play a key role. This article reviews how climatic
factors such as low humidity and cold temperatures negatively
affect skin barrier functions and increase the risk of dermatitis.

Method and result

A systematic search in PubMed and Embase was performed in
April 2015 where the following search terms were used; (atopic
dermatitis OR atopic eczema OR dermatitis OR xerosis OR dry
skin OR chapping OR skin barrier) AND (humidity OR weather
OR climate OR temperature OR meteorological OR seasonal OR
wind OR cold). No limit was set regarding the range of years. A
total of 1025 articles were identified in PubMed and 315 articles
in Embase. 53 articles were included. In addition, 46 articles
were identified in reference lists of included articles and by the
database function ‘related articles’ for selected publications,
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resulting in 99 articles in total. Details of the search process and
exclusion criteria are shown in Fig. 1.

Definition of humidity and dew point

Humidity is defined as the amount of water vapour in the air
coming from terrestrial and oceanic water. Absolute humidity
(AH) is defined as the mass of water vapour in a given volume
of air, usually expressed in grams per cubic metre. Importantly,
AH does not take temperature into consideration, and a change
in temperature or air pressure will alter the AH.

Relative humidity (RH) is the actual amount of water vapour
in the air divided by the amount of water vapour the air can
hold, expressed as a percentage. RH depends on temperature,
and warm air can hold more water than cold air. If air is cold,
the same amount of water vapour produces a higher RH than
the same amount of water vapour in warmer air.'® This explains
why RH in polar region can be higher than RH at lower latitude.

Dew point is the temperature that air would have to be cooled
down to for saturation to occur. When air is saturated, water
condenses, and it is referred to as dew.” A high dew point corre-
sponds to high water vapour content and vice versa.

Residents on the northern hemisphere experience cold win-
ters, and accordingly they heat their homes. Most do not have
humidifiers, and when cold air is heated, the ability to hold
water increases and the RH drops. For example, air with a tem-

Search in PubMed

1025 articles
Excluded articles
* Topic not relevant, n = 949
* Reviews, n=13
e Case reports, n=3 -+

Non-english, n=8
Not available, n=9
Method insufficient, n = 1

A\

Included articles
n=42

perature of 0 °C and a RH of 85% will decrease to 22% if heated
to 20 °C.'°As we will explore, a double negative influence on the
skin barrier occurs in the winter; low indoor humidity and cold
temperatures outside.

Low humidity negatively affects skin barrier
functions

Animal studies

The breakdown of filaggrin proteins depends on environmental
humidity. While late foetal rat skin shows accumulation of filag-
grin throughout the whole SC,'" postnatal observation shows
that filaggrin is degraded when RH declines (Table 1).!" Nota-
bly, breakdown can be prevented when covered with an occlu-
sive patch to maintain 100% RH, mimicking the aqueous milieu
in utero. This observation suggests that filaggrin proteolysis is
controlled by SC water amount.

Hairless mice have been investigated for skin alteration when
placed in a dry environment (RH <10%), either transferred from
normal (RH 40-70%) or humid (RH >80-90%) conditions.
After 12 h in a dry environment, skin conductance decreases
and epidermal DNA synthesis increases.'* The increased epider-
mal DNA synthesis can be inhibited by application of petrola-
tum, again suggesting that the water content in the SC may play
a key role for compensatory epidermal recovery mechanisms.'?

Search in Embase

315 articles
Excluded articles
¢ Topic not relevant, n = 227
* Reviews, n=11
— ¢ Case reports, n=1

Conference papers, n= 10
Non-english, n =20

Not available, n=7
Duplicates, n=3

Method insufficient, n =2

A\

Included articles
n=234

Duplicates, n=23

Included articles from
n=

PubMed and Embase
53

»
-

Articles found in reference lists, n = 31

Articles found by “related articles”, n= 15

Y

/

n=

Articles included in the review

99

Figure 1 Flowchart of the systematic review selection procedure.
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Furthermore, the amount and release of IL-1a, a pro-inflamma-
tory cytokine that is highly abundant in the corneocytes, was
higher in mice kept in a dry environment compared to those
kept in a humid environment.'® Exposure to low humidity also
induce dermal mast cell hypertrophy, degranulation and
increased contact hypersensitivity reactions.'*!>

After 3 days exposure to low humidity, the mice showed clini-
cal signs of xerosis with a rougher skin surface, more scaling, lar-
ger dry weight and increased thickness of SC.”'® Skin roughness
could be improved by application of glycerol or immersion in
water.'® Since desmosome degradation is decreased, this may
explain the impaired desquamation and scaling recognized from
e.g. winter xerosis. Decreased desmosome degradation was also
found in pig skin exposed to dry conditions (RH 44%) in addi-
tion to decreased extensibility.'”

The effect of a dramatic change in humidity was investigated
by transferring mice after 2 weeks from either normal (RH 40—
70%) or humid (RH >80%) conditions to a dry environment
(RH<10%)."®2° Those transferred from humid conditions
developed a rougher and drier skin surface, increased transepi-
dermal water loss (TEWL), reduced amino acid content and
filaggrin expression compared to mice transferred from normal
conditions. Collectively, a dry environment can influence the
skin barrier by different mechanisms that likely make the skin
more sensitive to physical or chemical stress and more prone to
inflammation (Fig. 2).

In summary, it appears that the first 1-2 days in a dry envi-
ronment provokes epidermal proliferation, a reduction in skin

Relative
Humidity (RH)
40-70%

NMF

== Tight junction
0 Desmosome
A= Keratohyalin
o Filaggrin

hydration, a pro-inflammatory response and a transient barrier
deficit. Next, there seems to be an adaption with increased thick-
ness of SC and epidermis, synthesis of lamellar bodies and lipids
and enhanced barrier function, indicated by a decrease in
TEWL.>"*

Human studies

Human skin that is exposed to low RH (32%)appears to be
more susceptible to mechanical stress and fracture than skin in
high RH (96%) (Table 2).2 Also, healthy volunteers exposed
to low RH (<10%) for 6 h had a decrease in skin hydration
and it appeared clinically dry.** Similar results were found,
when volunteers were transferred from, respectively, normal
and high humidity to dry conditions in addition to increased
TEWL.?>?° Those transferred from humid to dry conditions,
also showed reduced skin elasticity.”® Raman spectroscopy
analysis shows that environmental humidity affects the level of
partially bound and that unbound water increases with
increasing RH. Optimal RH for lipids and protein organization
is at 60%.”

Factory workers in ultra-dry working conditions (RH 1-3%)
and aircrew personnel are among those most heavily exposed to
low humidity. Accordingly, factory workers report significantly
more skin symptoms such as itch, contact dermatitis and AD
compared to controls.”®?’ They also have significantly lower
TEWL and skin capacitance values.”® The low TEWL might be
due to compensatory mechanisms as seen in hairless mice
exposed to dry air for longer periods.”' A large study comparing

Impaired
desquamation

Pro-inflammation )
Dry environment

<10% RH

Mast
S cells
© hypertrophy

Skin capacitance

f Susceptibility
to mechanical

Increased
thickness of SC

} Filaggrin

Figure 2 The short-term effect of dry environment (RH<10%) on skin barrier function and composition.
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aircrew personnel and office workers in the same company
showed that aircrew personnel reported significantly more skin
symptoms from the face and hands than office workers.”" Fur-
thermore, in an experimental study on the effect of air humidifi-
cation, two different wings of an office building switched
between air humidification (RH 30-40%) and (20-30%) over a
6-week period. Participants reported significantly less skin symp-
toms, during the periods a RH of 30-40%.”* In another similar
cross-over study, skin symptoms also improved with increasing
absolute and relative humidity.*’

Low temperature negatively affects skin barrier
function

Animal studies

The barrier recovery rate in hairless mice has been found to be
optimal between 36-40 °C, and temperatures below or above
this delays the recovery (Table 1).** Experiments on skin from
guinea pigs have shown that a reduction in temperature nega-
tively affects the extensibility of the SC, independent of SC water
content.”>?® Furthermore, exposure to low temperatures likely
obscures a defect in skin barrier function as suggested by a study
on hairless mice.”” Immediately after barrier disruption on
cooled skin (skin surface temperature 12 °C), TEWL was low,
suggesting no defect in barrier function. However, just after cold
exposure ceased (within 15 min) TEWL increased to levels
above precold exposure and it took more than 5 h before it was
normalized. Two observations in this study indicated a barrier
deficiency; the increased TEWL and a higher percutaneous pen-
etration rate of a tracer compound than at normal skin temper-
atures. Furthermore, after cooling, almost no lamellar bodies or
lipids were present in the outer layer of the stratum granulo-

37
sum.

Human studies

A study on human skin showed that the SC water content
decreased together with temperature, and that the relationship
was stronger with low RH (<60%) (Table 2).**In a study on
healthy volunteers, a positive correlation between TEWL and
skin temperature and between skin hydration, temperature and
RH was observed.*® Other studies have also confirmed a positive
correlation between skin temperature and TEWL.****" A study
on dry facial skin found a higher dryness score with low temper-
atures, high wind speed and low humidity,*> and as little as
15 min of cold and dry air has been proven to significantly
decrease skin hydration.*’ These data suggest that a reduction in
temperature leads to a decrease in skin hydration and TEWL,
and that this effect is stronger when RH is low.

However, the decrease in TEWL might be misleading and
indeed obscure a true skin barrier deficiency.”” Employees in
the fish processing industry had a low TEWL and a high skin
hydration immediately after work, but when the skin tempera-

JEADV 2015

ture returned to normal (10—15 min), TEWL increased and skin
hydration decreased to levels above and below normal, respec-
tively.** A significant positive correlation was found between
skin surface temperature and TEWL and a negative correlation
between skin temperature and hydration.45 However, in another
study, cold alone for short periods of time (six cycles of 4 °C
for 90 s) did not affect TEWL or skin irritation and cold was
proved to have an protective effect on the irritation from SLS,
suggesting that the duration of cold exposure might influence
its effect on skin barrier function.*® In addition, it has been pro-
ven that itch is perceived more intense if skin temperature is
lowered.*’

Seasonal change significantly affects skin barrier

function

Skin complaints during the winter are well-described, and com-
mon terms include ‘winter itch’, ‘pruritus hiemalis’ and ‘frost
itch>.***° The first article where meteorological conditions were
observed in relation to skin complaints was published in 1894.>
In the 1950s, a study on climatic conditions and skin chapping
showed that the incidence of chapping peaked in periods with
weather shifting from a high dew point and low barometric pres-
sure to a low dew point and high barometric pressure; a typical
transition during winter months.” A plausible explanation is that
during periods of high dew point, air holds more water and the
skin get hydrated. A low barometric pressure allows water diffu-
sion from the deeper layers of the skin to the epidermis, also
increasing skin hydration. With a drop in dew point, the air
becomes drier and water evaporates from the skin surface. A rise
in the barometric pressure forces water out of epidermis. The
skin therefore dries out, leaving it more susceptible to chapping.

Since then, several studies have investigated the influence of
season on skin barrier function (Table 3). Briefly, during winter,
a decrease in SC lipids and an increase in unsaturated fatty acids
have been identified.*>">* A decrease in skin hydration as well as
an increase in SC pH and stiffness was also observed in addition
to lower levels of potassium, lactate, sodium and chlorine, com-
ponents of the skin NMFs.>* > Drier skin and increased reaction
to skin irritants, suggest that the skin becomes more fragile and
permeable during winter time.>’

During summer, TEWL and skin hydration increase, and
sebum production is higher than during winter.*>**> Raman
spectra of healthy skin showed a seasonal variation in skin sur-
face hydration with highest values during summer. However, no
seasonal variation was found for the depth water profile of the
SC.%* This suggests that the upper layer water content of the SC
is more affected by environmental exposure than the deeper lay-
ers. Corneocyte number also increases during summer, they
become smaller and display better desquamation.’®®> However,
some studies could not confirm a seasonal variance in skin
hydration®® or TEWL®® and another did not find any differences
in skin surface lipids.”*
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Table 3 Continued

JEADV 2015

Main findings

Female/ Skin properties examined

Male
47/0

Country n Study subjects Age

Reference Year of

First author

Seasonal change

publication

2013

During winter skin hydration
decreased and the skin showed

increased roughness and

Seasonal variation in skin
hydration and flaky skin

Postmenopausal
female

47

France

56

Delvenne

Summer vs. winter

volunteers

scaliness. The changes were

less evident in women receiving
hormonal replacement therapy

(HRT).

No clear variation in skin
hydration during the different

Seasonal variation in skin

20-38 89/0

Healthy female
volunteers

2015 Korea 89

63

Nam

Summer vs. winter

hydration, sebum production,
scaliness and elasticity

seasons. Sebum production was

higher during summer than

spring and winter. Skin elasticity
in the winter was low compared

to other seasons.

-, not available; AD, atopic dermatitis; NMF, natural moisturizing factors; SC, stratum corneum; SLS, sodium lauryl sulfate; TEWL, transepidermal water loss.

Effect of seasonal and climatic variations on the
risk of dermatitis

Atopic dermatitis

Cold and dry weather increase the overall risk of flares in
patients with AD and further increase its incidence and preva-
lence (Table 4). 7 Accordingly, a higher prevalence of AD was
found in American states with low humidity, low UV exposure,
low outdoor temperature, use of indoor heating and frequent
precipitation.”* The AD prevalence was found to have a positive
correlation with latitude and a negative correlation with mean
outdoor temperature and indoor RH.” In Japan, a negative cor-
relation between temperature and humidity and dermatological
visits concerning AD has been found.”® Supporting this observa-
tion, AD incidence has been found to peak in February and
October,”” and AD patients had decreased skin hydration,
increased TEWL, a higher flare score, more irritation and dry-
ness in November compared to July.”® Children with AD who
spent 4 weeks in a sunny, subtropical climate experienced a sig-
nificant decrease in symptom severity and a better life quality
after their stay and at the 3-month follow-up compared to base-
line values.”

It has been hypothesized that birth season might impact the
development of atopic diseases. Studies from Japan, the UK and
Sweden have indeed shown a higher prevalence of atopic dis-
eases in children born during autumn and winter than spring
and summer.?*** The first months in dry and cold weather
might explain this finding.'»**** Hence, during the first year of
life, the skin’s ability to store and transport water is decreased
and infants have significantly lower levels of NMFs than adult
skin, making it more vulnerable for external stressor such as low
humidity and low temperatures.®

It has been suggested that there exists two types of seasonal
patterns in patients with AD. Some experience an aggravation
during summer while others during winter.*® The summer type
has a worsening during periods with high grass pollen exposure
and high outdoor temperatures, and the winter type with low
outdoor temperatures, indicating different mechanisms. In
school children with AD, 40% felt that hot weather worsened
their symptoms, whereas 28% felt that cold weather worsened
their disease.”” Sudden changes in temperatures may also be per-
ceived as a possible trigger for AD exacerbation.®® In another
study, the only significant association between environmental
factors and flare of disease was damp weather.®

A recent study also suggested a connection between loss-of-
function mutations in the FLG and the susceptibility to climatic
exposure in patients with AD. Children with AD and FLG muta-
tions more often developed dermatitis at anatomical localiza-
tions exposed to wind and cold (extremities, cheeks, hands and
feet).”® Furthermore, children with AD living in a subtropical
climate had a lower prevalence of FLG mutations compared to
those living in colder and drier parts of Japan,” suggesting that

© 2015 European Academy of Dermatology and Venereology
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FLG mutations are weaker risk factors for AD in a subtropical
climate. For Japanese AD patients reporting a seasonal variation
in AD severity, winter was the worst for those with FLG muta-
tions whereas the summer was the worst for those without FLG
mutations.”

Irritant and allergic contact dermatitis

A strong association between irritant skin changes and climatic
conditions has been established (Table 4).
apprentices, low temperatures and low AH increased the risk of

In hairdresser

irritant skin chalnges,10 and in patients with dermatitis caused
by physical irritants, low humidity was found to be the most
common cause.” A higher prevalence of hand dermatitis was
found in northern parts of Norway than in a similar survey
from southern Sweden,” and contact dermatitis has been
shown to be more prevalent during winter.”> In health care
workers, a significant association was also found between win-
ter season and irritant hand dermatitis.’® Similar, reactions to
the known skin irritants sodium lauryl sulfate (SLS) and
sodium hydroxide (NaOH) are significantly stronger during
winter than summer, and the risk of doubtful/irritant reactions
to 0,5% SLS was increased by 50% with low temperature and
dry air.”” ' However, another study found no significant cor-
relation between irritation scores, temperature and RH,
although a dry climate had a tendency to induce higher overall
irritation to 0.1% SLS.'"!

Also, there appears to be a seasonal effect on the outcome of
patch testing. Hence, the number of patients with a positive
patch test reaction peaks in January and drops in June.'®* More-
over, an increase in irritant/doubtful and/or weak reactions has
been shown for formaldehyde, fragrance mix I, oil of turpentine,
nickel, cobalt, chromium, p-paraphenylenediamine, methyldi-
bromo  glutaronitrile and  methylchloroisothiazolinone/
methylisothiazolinone during cold and dry weather when com-
pared to warm and humid weather.'”'% The decrease in irri-
tant/doubtful reactions during the summer season could be due
to UV irradiation,'®” but the increase in delta TEWL values from
summer to winter after patch testing suggests that the skin actu-
ally is more reactive during the winter.'*®

The above seasonal affects may be biased by ultraviolet (UV)
irradiation. While humans are predominantly exposed to UVB
(280-320 nm) and UVA (320-400 nm), UVB photons primarily
reach epidermis whereas UVA penetrates deeper and affects both
epidermis and dermis.'® Notably, suberythemogenic doses of
narrowband UVA and UVB have a positive effect on skin barrier
function and are therefore commonly applied in treatment of
inflammatory skin conditions.''® Briefly, low doses of UVB irra-
diation activate the cutaneous vitamin D-system and increase
the expression of antimicrobial peptides, lipids and skin barrier
proteins including filaggrin and involucrin.""' Moreover, UVA

112

and UVB irradiation results in epidermal thickening '~ and

reduced histamine release from mast cells.!'® The absence of UV

JEADV 2015

exposure in winter therefore also affects the risk of skin barrier
dysfunction and dermatitis. Nonetheless, available evidence
clearly shows the dementrial effect of cold and dry environment
on the skin, independent of UV exposure (Fig. 3).

Low humidity References
Animal studies

[Ref.]

Decreased:

Skin hydration [7,12, 18, 19, 20]

Desmosome degradation [7,17]
Skin extensibility [17]
Amino acid content [18, 20]
Filaggrin expression [20]
TEWL (after prolonged exposure) [21, 22]
Increased
Epidermal DNA synthesis [8,12]
Synthesis and release of IL-1a [13]
Amount of dermal mast cells [14]
Degranulation of mast cells [14]
Contact sensitivity reactions [15]
Roughness in skin surface [16, 18]
Scaling [7]
Dry weight of and thickness of SC [7,21]
TEWL (from humid to dry conditions) [19]
Human studies
Decreased:
Skin hydration [24, 25, 26, 27]
Elasticity of the skin [26]
TEWL (prolonged exposure) [24, 30]
Increased:
Visual dryness of the skin [24, 32]
Amount of fine wrinkles [26]
Skin complaints (i.e. dryness, pruritus [28, 29, 31, 32]
and irritation)
Susceptibility to mechanical stress [23]
TEWL (short exposure) [25]
Low temperature [Ref.]
Animal studies
Decreased:
Extensibility [35, 36]
TEWL [37]
Amount of lamellar bodies and lipids [37]
Recovery rate after barrier disruption [34]
Human studies
Decreased
Skin hydration [27, 38, 43]
TEWL [39, 40, 41, 44, 45]
Increased
Dry skin [42]
Sensation of itch [47]

Figure 3 Climatic effects (low humidity and low temperature) and
how they influence skin barrier function. Stratum corneum (SC),
transepidermal water loss (TEWL).

© 2015 European Academy of Dermatology and Venereology
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