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Abstract

Climate therapy has been used for decades in the treatment of atopic dermatitis

(AD), but evidence of its effectiveness has not yet been assessed systematically. A

systematic literature search in Medline, Embase, and the Cochrane library was

performed to identify all original studies concerning alpine climate treatment. The

risk of bias of individual studies was assessed following the Cochrane Handbook,

and level of evidence was rated using GRADE guidelines. Fifteen observational

studies were included concerning 40 148 patients. Four studies concerning 2670

patients presented follow-up data over a period of 1 year. Disease activity

decreased in the majority of patients during treatment (96% of n = 39 006) and

12-month follow-up (64% of n = 2670). Topical corticosteroid use could often be

reduced or stopped during treatment (82% of n = 1178) and during 12-month fol-

low-up (72% of n = 3008). Quality assessment showed serious study limitations,

therefore resulting in a very low level of evidence for the described outcomes.

Randomized controlled trials designed with a follow-up period including well-

defined patient populations, detailed description and measurement of applied

interventions during climate therapy and using validated outcomes including cost-

effectiveness parameters, are required to improve the evidence for alpine climate

therapy as an effective treatment for patients with AD.

Atopic dermatitis (AD) is a chronic, inflammatory skin dis-

ease characterized by subsequent exacerbations and remis-

sions (1). Its prevalence is increasing worldwide, and AD is

currently among the most common skin diseases in children

(2). Itching, disturbed sleep, and time-consuming medical

treatment regimens lead to a reduced experienced quality of

life in patients with AD (3, 4).

AD is a complex disease with several genetic and environ-

mental factors involved (5). A genetic predisposition leads to

an atopic constitution and a disturbed immune response

which results in chronic inflammation and an impaired skin

barrier (6, 7). In several eczema birth cohorts, the association

between AD and the subsequent development of asthma and

allergic sensitization has been established (8, 9). Prevalence of

allergic sensitization in children with AD varies between

countries, ranging from 52% in Belgium to 83% in Australia

(8). Around 30% of children diagnosed with AD will develop

asthma later in life (10). Among adults with AD, there is also

great variation in prevalence of allergic sensitization and

asthma diagnosis (11).

Exposure to irritants and allergens, changes in physical

environment (pollution, humidity), infections, and psychoso-

cial or emotional factors are possible triggers for exacerba-

tions (12). AD treatment is based on control of

inflammation/infection, skin hydration, and trigger avoidance

(13, 14). Treatment approaches include anti-inflammatory

therapy with topical immunosuppressives (dermatocorticos-

teroids, calcineurin inhibitors) and antimicrobial treatment,

according to current guidelines (13, 14). In more severe cases,

phototherapy or systemic immunosuppressive treatment is

needed. Patients are often reluctant and concerned about the

use of corticosteroids and systemic immunosuppressive treat-

ment. Because of the chronic nature of AD, alternative thera-

pies are often considered, such as acupuncture, homeopathy,
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dietary supplements/restrictions, and Chinese herbal medicine

(15, 16). However, the efficacy of these therapies over regular

therapy could not be demonstrated (17–19).
Climate therapy has been used since the 20th century for

the treatment of various chronic inflammatory dermatoses

and pulmonary diseases (20, 21). It combines anti-inflamma-

tory treatment in a trigger-free environment with being hos-

pitalized in a specialized clinic for a period of 4 weeks to

3 months. Climate therapy at seaside or mountain resorts

has shown improvement in disease activity and reduced corti-

costeroid use in patients with AD (22–26). In asthma, treat-

ment in high-altitude clinics has resulted in improved asthma

control, asthma-related quality of life, and a reduced cortico-

steroid requirement (27–30). Clinics were built specifically for

the rehabilitation of patients with AD or asthma in mountain

areas of Switzerland (‘Dutch Asthma Center Davos’, Davos

1560 m, ‘Alexanderhausklinik’ Davos, 1560 m, ‘Hochgebirgs-

klinik’ Davos, 1560 m), Italy (‘Istituto Pio XII’ Misurina

1756 m), and south Germany (‘Santa Maria’, Oberjoch

1200 m, ‘Prinzregent Luitpolt’, Scheidegg 1000 m). However,

it is unclear which mechanisms lead to the observed effect.

Limited healthcare resources and further advances in evi-

dence-based medicine have put the existence of specialized

high-altitude clinics under pressure. It is important to quan-

tify the direct and long-term effects of climate treatment, as

significant improvement in AD severity is also observed after

clinical treatment in unspecified climate zones (31).

Objective

The current systematic review summarizes the existing evi-

dence for the clinical effect of alpine climate treatment for

patients with AD.

Methods

Search process

A systematic literature search was performed including origi-

nal studies published until July 3rd 2013. A sensitive search

strategy was designed to retrieve all relevant articles from

Medline, Embase, and the Cochrane library. We searched for

[‘atopic dermatitis’ OR ‘eczema’ OR ‘neurodermatitis’

OR ‘neurodermitis’] AND [‘climate’ OR ‘‘climatology’’ OR

‘climatotherapy’ OR ‘climatic therapy’ OR ‘altitude’

OR ‘mountains’ OR ‘alpine’] as medical subject headings or

as main key words in the title or abstract. Two researchers

(KF and GW) selected potentially eligible reports indepen-

dently. Any disagreement on inclusion of studies was

resolved by discussion with the other author (SP) until con-

sensus was reached. Reference lists of retrieved articles and

previously published reviews were hand-searched to identify

further relevant studies.

Inclusion and exclusion criteria

Studies were included when alpine climate treatment was

mentioned in title or abstract, and part of the study

population was diagnosed with AD. No limitation was set

on study design, age of the patients, duration of treatment,

or outcome measure. Studies written in English or German

were included. Studies concerning climate treatment in

other climate regions, such as maritime climate, or in

artificial conditions, such as climate chambers, were

excluded.

Outcomes

The main outcome was disease severity after climate therapy,

measured with any scoring system. Secondary outcomes were

topical or systemic corticosteroid use, disease severity during

follow-up, corticosteroid use during follow-up, and other

reported outcomes.

Risk of bias assessment

We assessed the risk of bias of the included studies according

to the domain-based evaluation described in Chapter 8 and

13 of the Cochrane Handbook for Systematic Reviews of

Interventions (32). We evaluated selection bias, performance

bias, attrition bias, detection bias, reporting bias, and publi-

cation bias.

Data extraction

The following study characteristics were collected: author

and year of publication, target population of the study

(including age and sample size), altitude, name and location

of the clinic, treatment duration, and reported outcome vari-

ables. Outcome variables direct after treatment and during

follow-up were separately extracted. Not all studies reported

the same outcome measures; therefore, different studies con-

tribute to the different outcomes. Data from studies with

similar outcome measures were transformed and pooled.

Regarding disease severity, several scoring systems were used.

All PGAs (physician graded assessments) with a 4- or 5-point

scale were reduced to a 3-point scale (better, same, and

worse) for comparability. One study used number of exacer-

bations during follow-up as an outcome, and this was trans-

formed to a course of disease outcome where no or less

exacerbations were counted as better, more exacerbations as

worse, and the same number of exacerbations as same (33).

Studies reporting SCORAD scores are reported separately.

Self-assessments by patients with a 4 or 5-point scale were

also transformed to a 3-point scale (better, same, and worse)

and pooled.

Data on corticosteroid use were differentiated for topical

and systemic treatment, reduced to a yes/no variable for cur-

rent use, and pooled.

Authors were contacted to clarify results when needed.

When data extraction was not possible or when no absolute

patient numbers were provided and authors did not respond

to the request for additional information, studies were not

included in the outcome tables. The overall quality of evi-

dence was rated using GRADE guidelines (34). The review

was reported according to the PRISMA statement (35).
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Data analysis

For each outcome, data from the different studies were trans-

formed and pooled, and total and relative patient numbers

were calculated. It was not possible to further analyze the

extracted data or to do a meta-analysis.

Results

Studies included in the review

Results of our search strategy are shown in Fig. 1. The search

yielded 143 hits in Medline and 112 hits in Embase of which

61 were duplicate hits. Of a total of 200 articles, 65 were eligi-

ble for full text screening. Three were excluded because of lan-

guage (two Russian and one Bulgarian) (36–38). Two were

excluded because they showed duplicate data from an already

included study (33, 39). Six were excluded because they were

part of two growing cohorts (33, 39–45), and the most recent

publications with the largest cohorts were included (22, 46).

Three were excluded because they described only individual

case reports (47, 48). Fifteen studies were finally included con-

cerning 40 148 patients. Study characteristics are shown in

Table 1. No randomized trials were identified. All studies were

observational, and control groups were not incorporated in

the study design. The majority of studies was written in

German and published in German journals, restricting their

accessibility to international readers.

Risk of bias

A risk of bias assessment was carried out and summarized in

Table 2.

Selection bias

Some studies used specific inclusion criteria, but most studies

included patients with AD who were admitted to an alpine

clinic. These patients may be different from the wider popula-

tion of patients with AD. Patient characteristics of relevant ato-

pic comorbidities, such as asthma and rhinitis, were provided,

but the results of climate therapy were not differentiated accord-

ingly. There may be further selection bias due to the language

restriction on the systematic search (language bias) and because

most studies were published by German research groups.

Performance bias

None of the studies mentioned an intervention protocol or any

details concerning climate therapy, and it was not possible to

assess whether the intervention was carried out according to

protocol. Duration of climate therapy varied between patients

and between different clinics. Furthermore, little or no infor-

mation was provided on received pharmacological interven-

tions other than corticosteroids during climate therapy.

Detection bias

In none of the studies, outcomes were assessed blinded.

Outcome measures such as course of disease or exacerba-
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tions were not clearly defined, and in most studies, unvali-

dated outcome measures, such as PGA, were used. When

patients and dermatologists both assessed disease severity

after treatment, the treating dermatologists reported greater

improvement compared to the self-assessment of the

patient.

Reporting bias

Six of fifteen included studies did not report all outcome

variables that were stated in the study protocol or reported

outcome variables only for a part of the cohort, without pro-

viding an explanation for the missing data. One study was

designed with a follow-up period of 2 years, but did not

report any data at this point (49). One study did not report

absolute patient numbers but only percentages during the fol-

low-up period, whereas another study did not present num-

bers but vaguely described disease activity after 6 months

follow-up as ‘disease stabilized for more than 6 months in

more than 50% of patients’ (50, 51).

Attrition bias

In none of the studies, handling of missing data or dropout

during intervention was reported. During follow-up, either

no absolute patient numbers were provided, making it impos-

sible to assess the rate of loss-to-follow-up or only patients

with complete data were included. When absolute patient

Table 2 Risk of bias assessment of studies

Risk of bias
Selection bias

Performance bias
Detection bias Reporting bias

Attrition

bias

Study

Was AD

diagnosis

according

to criteria?

Were clear

inclusion/

exclusion

criteria

used?

Were

detailed

patient

characteristics

on other

atopic

diseases

provided?

Were

concurrent

interventions

or unintended

exposures

described?

Validated

outcome

measures

Blinded

assessment

of outcome

Complete

study

protocol

stated

All

measurements

from protocol

reported

Loss-to-

follow-up

or dropout

�a Porta

2000

Y N Y N N N Y Y 8%

Borelli

1995

N N Y N N N Y Y U

Borelli

1967

N N Y N Y N Y N U

Drosner

1988

N Y N N Y N Y Y U

Drzimalla

1999

N N Y N N N Y Y 49%

Duve

1991

N N N N N N Y N Y†

Eberlein

2009

Y N Y N Y N Y N U

Fuchs

1959

N N N N N N Y Y U

Heine

1995

N N Y N N N Y N 50%

Kneist

1987

N N N Y N N Y N Y*

Petermann

2000

Y Y Y N Y N Y N Y*

Petermann

2004

Y Y N N Y N Y Y U

Simon

1999

N N Y N Y N Y Y U

Triebskorn

1991

N Y N N Y N Y Y U

Walker

1993

Y N Y N Y N Y Y U

Y, yes; N, no; U, unclear.

*Follow-up numbers were not mentioned.

†Only patients with complete data at all time points were included.
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numbers were provided, loss-to-follow-up increased up to

50%, making attrition bias very likely.

Publication bias

For this review, only published studies were considered.

None of the studies was sponsored by industry; however,

most studies were carried out by alpine clinics assessing the

effectiveness of their own therapy. There were no reports

identified with negative results, but as there were no control

groups, it was not possible to create funnel plots to find evi-

dence of publication bias.

Outcomes

The quality of the evidence for the pooled outcome measures

as summarized in Table 3 was rated very low. Data extrac-

Table 3 GRADE evidence table with summary of findings

Summary of findings table of alpine climate treatment for atopic dermatitis (65)

Patient or population: patients with atopic dermatitis

Settings: clinics at 1000–1600 m altitude

Intervention: alpine climate treatment

Outcomes

Effect estimate No of

Participants

(studies)

Quality of the

evidence

(GRADE) CommentsControl Alpine climate treatment

Improvement of disease severity

Physician’s global assessment

(better, same, and worse).

Scale from: 0% to 100%.

No control 88.8% to 99% of the

participants improved

according to the

dermatologist

39 006

(7 studies)

⊕⊝⊝⊝
very low*,†

Combined data showed PGA was

better in 96.5%, same in 3%,

and worse in 0.5% of the

participants

Improvement of disease severity

SCORAD. Scale from: 0 to 103.

No control Relative decrease in

SCORAD ranged from

�4.3 to �25.4

201

(3 studies)

⊕⊝⊝⊝
very low*

At one location in a study by

Eberlein (2009), baseline SCORAD

was lower and the reduction was

smaller. For the other locations

and studies reduction ranged

from �12.7 to �25.4 (see Table 4)

Improvement of disease severity

during follow-up

Self-assessment (better, same

and, worse). Scale from:

0% to 100%

Follow-up: up to 12 months

No control 56% to 64.8% of the

participants considered

their disease severity

to be improved

during follow-up

2670

(6 studies‡)

⊕⊝⊝⊝
very low†,§

Combined data showed that

according to the participants,

disease severity was better in

64%, same in 25%, and worse

in 11% of the participants

Free of topical steroid use after

alpine climate treatment

Scale from: 0% to 100%

No control 70% to 84% of

participants was

free of corticosteroids

at the end of the

intervention

1178

(3 studies)

⊕⊝⊝⊝
very low*,†

Combined data across the

3 studies showed that 964 of

1178 (82%) were free of

corticosteroid use

No or less topical corticosteroid

use at follow-up

Scale from: 0% to 100%

Follow-up: up to 12 months

No control 26% to 87% of

participants used

no or less topical

corticosteroids during

follow-up

3008

(4 studies¶)

⊕⊝⊝⊝
very low†,§

Combined data across the

4 studies showed that 2171

of 3008 (72%) used no or less

topical corticosteroids

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the

estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change

the estimate

Very low quality: We are very uncertain about the estimate

*No control population; not controlled for confounding; unblinded and unvalidated assessment of outcome; reporting bias, attrition bias.

†The limitations of the study design did not allow to upgrade for large effect.

‡One study, Petermann 2000, did not provide data on this prespecified outcome, and the number of participants is therefore not included, nor is

this study included for treatment effect. Number of participants at follow-up of Kneist 1987 is unknown, and only percentages are provided.

§Follow-up numbers were either not mentioned or up to 50%. No control population; not controlled for confounding; unblinded and unvali-

dated assessment of outcome; reporting bias.

¶Number participants at follow-up of Kneist 1987 is unknown, and only percentages are provided and therefore not included.
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tion was complicated because of incomplete reporting; there-

fore, not all studies with relevant outcomes could be

included.

Disease activity

Direct after climate treatment, disease activity was decreased

in the majority of 39 503 patients (included in 11 studies) as

scored by a dermatologist. Validated scoring systems, such as

SCORAD, were used in four studies including 451 patients

(49, 52–54). PGA was used in seven studies including 39 052

patients (22, 46, 50, 51, 55–57). In three studies including

1922 patients, patients were asked to judge their clinical

improvement and reached similar conclusions as the derma-

tologist, but differed on the degree of improvement (51, 55,

57). Six studies were designed with a follow-up period, but

one did not report outcomes of the 2-year follow-up period,

the other mentioned percentages, and no exact patient

numbers during follow-up (49, 51). Dropout during follow-

up was not addressed in any of the studies, and one study

simply excluded patients with incomplete data. In the

remaining four studies, 2670 patients were asked to return

questionnaires after 3, 6, and 12 months to judge AD

activity with a scoring system, a global assessment or per-

iod until first relapse (50, 55–57) (Table 4). The majority

(64%) of these patients reported a decreased disease activ-

ity up to 12 months after treatment and an overall

improved course of disease compared to the year before

treatment.

Corticosteroid use

Corticosteroid use was mentioned in six studies, but one

study did not differentiate between patients with AD, psoria-

sis, contact dermatitis, and other diagnoses, and its data

could therefore not be included in Table 5 (46). In one study,

percentages were mentioned, but these did not add up to

100% [50]. In the three studies in which exact patient num-

bers on topical corticosteroid use are mentioned, 1178 of

1937 patients (61%) used topical corticosteroids at start of

climate therapy (51, 55, 57). Corticosteroid use during fol-

low-up is reported in most studies for the whole patient

cohort, including patients who were not using corticosteroids

during climate treatment. Only one study provided data on

topical corticosteroid use during follow-up in the subgroup

of patients who were able to stop corticosteroids during cli-

mate therapy (55).

Other outcomes

Several studies were identified reporting biomarkers or other

translational parameters (Table 6). Five studies including 634

patients measured number of eosinophils, eosinophil cationic

protein (ECP), and eosinophil protein X (EPX) in urine

direct after climate treatment (52–54, 58, 59). ECP decreased

in three of four studies, EPX decreased in one study, and

number of eosinophils decreased in three studies paralleling

the observed improvement in SCORAD. A significant corre-

lation between SCORAD and EPX was reported in one

study (59).

Skin prick tests with intracutaneously applied histamine,

serotonin, acetylcholine, and bradykinin showed a decrease

in skin reactivity after alpine climate therapy; statistical sig-

nificance was not calculated (58). Skin prick tests with recall

antigens showed a significant increase in skin reactivity after

climate therapy (60). Transepidermal water loss decreased

significantly after treatment, but remained high compared to

healthy controls (61). TARC levels were stable before and

after treatment at different clinics (52).

Discussion

Main findings

Our systematic search for the effect of alpine climate therapy

of patients with AD has identified only observational studies.

The largest study is a cohort of 31 480 patients treated in a

clinic in Davos, Switzerland, from 1961 to 1995 (46). Disease

activity was decreased in 96% of patients at the end of cli-

mate therapy. Topical as well as systemic corticosteroid use

could be reduced or stopped during treatment in 80% of

patients. Up to 12 months after treatment, 64% of patients

reported a decreased disease activity; an overall improved

course of disease compared to the year before treatment and

72% reported no or reduced topical corticosteroid use. Simi-

lar results were reported for children and adults.

Risk of bias

The quality of the body of evidence for the separate out-

comes was very low. All identified studies had methodologi-

cal and other limitations. In most identified studies, clinical

improvement was scored by the physician as improved, not

improved, or worsened. Physician global assessments are also

used nowadays, because they are fast and easy to perform

and give a good indication of the course of disease when

repeated over time (62). In more recent studies, SCORAD

was used to measure clinical activity during climate therapy,

allowing for a more objective estimation of the treatment

effect (49, 52, 53, 59). However, the measurements were not

performed by an independent and blinded physician.

The majority of available data is provided by three alpine

clinics, reporting on patients with AD who were treated in

these clinics during a certain time period. Selection bias is a

problem, because there have been no generally accepted cri-

teria for whom alpine climate therapy should be provided

(46). Also, the position of climate therapy in the healthcare

system changed over time, decreasing its availability to

patients with AD. The relatively low rate of topical cortico-

steroid use could imply that patients with mild AD or

concomitant diagnoses of severe asthma and mild AD were

overrepresented in the study sample. However, patient char-

acteristics were not well described, and data on other phar-

macological therapy were not provided. In most studies,

style of reporting was very global and details were often

lacking, making it difficult to interpret the data. Six studies
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were designed with a follow-up period, but risk of bias was

substantial due to the high dropout rates. Clinical efficacy

during follow-up is important for reasons of cost-effective-

ness as long-term beneficial effects may show the added

value of alpine climate therapy compared to other treatment

options.

It has been hypothesized that the lack or low level of respi-

ratory allergens may contribute to the clinical effect of alpine

treatment. The results in this systematic review of alpine cli-

mate therapy for patients with AD are very similar to what

was reported of alpine climate therapy for patients with AA

(20). However, the latter was no systematic review and no

level of evidence was assigned to the reported findings. Also,

beneficial effects of alpine climate therapy irrespective of ato-

pic status have been reported in children and adults with AA

(30, 59, 63). But because no trials have been conducted and

no control groups were included in the observational studies,

there is no reliable data on which elements of alpine climate

treatment are responsible for the observed effect. Multidisci-

plinary evaluation and treatment in a regular outpatient set-

ting for several days also shows reduction of disease activity,

corticosteroid use, and improved quality of life up to 2 years

after the described treatment program (31, 64). This suggests

that apart from the climate, other elements may be important

during alpine climate therapy, for example the multidisciplin-

ary approach or the increased adherence to treatment.

Conclusion

To our knowledge, this is the first systematic review on the

outcomes of alpine climate treatment of patients with AD

using the Cochrane Handbook for assessing risk of bias,

GRADE guidelines for assessing level of evidence, and PRIS-

MA guidelines for reporting. The results of this systematic

review provide very low quality evidence that alpine climate

therapy results in decreased disease activity and reduced cor-

ticosteroid requirement direct and up to 1 year after treat-

ment in patients with AD. Randomized controlled trials

designed with a follow-up period including well-defined

patient populations, detailed description, and measurement

of applied interventions during climate therapy and using

validated outcomes including cost-effectiveness parameters

are required to improve the evidence for alpine climate ther-

apy as an effective treatment for patients with AD.
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