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Abstract

Mountain climate therapy takes advantage of specific climatic conditions to treat chronic aller-
gic diseases. The aim of the study was to investigate effects of a 5-day observation period on
atopic diseases at the Environmental Research Station Schneefernerhaus (UFS; Umwelt-
forschungsstation).

18 patients with grass pollen-induced rhinoconjunctivitis, atopic ezcema or asthma and 11
non-allergic controls were included in this study. Skin physiology parameters, changes of the
respiratory and nasal functions, subjective symptoms and blood parameters were measured
during a 5-day observation period in the Environmental Research Station Schneefernerhaus at
the moderate altitude mountain region (Zugspitze; 2650 m alt.) compared to a low altitude area
(Munich; 519 m alt.).

Histamine induced itch decreased significantly. Several of the skin physiology parameters
changed significantly during the observation period (decrease of skin hydration, increase of
skin smoothness, skin roughness, skin scaliness and pH-value). In patients with atopic eczema,
the SCORAD (Severity Scoring of Atopic Dermatitis) and the scores of the DIELH (Deutsches
Instrument zur Erfassung der Lebensqualitat bei Hauterkrankungen) did not change significant-
ly. Parameters of nasal function (rhinomanometry, eosinophil cationic protein (ECP) in nasal
secretions) did not change significantly. The vital capacity (VC) decreased significantly, several
other parameters of lung function (FEV1/VC, PEF, MEF 50, MMFEF 25/75) showed a slight, but
statistically significant improvement. ECP (eosinophil cationic protein) and IL-:33 in the serum
and parameters of blood count changed significantly.

In dependence on the atopic disease the benefit of a moderate altitude mountain climate so-
journ over a period of 5 days differed — especially itching of the skin and asthma parameters
improved. Assessing the parameters during a longer observation periods in alpine climate
would be useful.

The methodology used can serve as a suitable template for qualified studies on the effect of
climate therapy.
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2.1 Introduction

Allergies have increased in most countries of the world in recent decades. Prevalence rates of
20 to 30% of the total population are estimated today. Particularly common allergic diseases
are allergic rhinoconjunctivitis (if seasonally occurring “hay fever’ allergic asthma bronchiale,
atopic eczema (atopic dermatitis, anaphylaxis (maximum variant of an acute allergic reaction
with life-threatening character, allergic contact dermatitis (one of the most common occupa-
tional diseases) and the manifold spectrum of food and drug intolerance reactions.

Allergies are typical environmental diseases; they are based on genetic susceptibility via a
misdirected reaction of the effector organ immune system against natural and anthropogenic
substances from the environment. Air pollutants and allergens can influence each other in many
ways (1, 2).

Climate therapy comprises the use of certain climatic conditions in the treatment of chronic
diseases. In allergy, maritime and moderate altitude mountain zones are of interest. Mountain
climatotherapy can be performed in moderate altitude (relative height of > 2000 m) and low
altitude (> 500-2000 m alt.) (3).

Increasing altitude implies climatic changes in the following factors: air pressure, oxygen par-
tial pressure, temperature, water vapour pressure, UV radiation, global radiation and reduction
of allergens such as house dust mite. Some of these factors are considered as “stimulating’
the relative purity of the air and low allergen content as protective factors (4).

From the experience of special rehabilitation clinics in the moderate high mountains, especial-
ly in Davos, Switzerland, we know since decades that the mountain climate exerts a favorable
influence on numerous inflammatory diseases of the skin and respiratory system. Especially
the climatic situation in moderate high mountains (5) has been proven in many studies to be
particularly effective in the treatment of allergic respiratory and skin diseases, with most long-
term studies in Davos (6,7). From patients with atopic eczema (AE) treated in the German
Hospital for Dermatology and Allergy Davos (Switzerland) some 94 % returned either complete-
ly free or with considerably improved symptoms (4). Also in patients with asthma mountain
climate therapy is a well-established therapeutic option (5).

The effects of mountain climate include normalization of misguided immune responses (T cell
responses, IgE levels, changes in cutaneous reactivity, histamine and allergen pricktest thresh-
olds), influences on vegetative parameters such as sweating, and beneficial effects on the
subjective symptom itching.The nature of these effects, especially with regards to the only more
recently elucidated pathophysiological reactions of the allergic inflammatory cascade, is inves-
tigated only to a limited extent. Increased cortisol and catecholamine levels as well as modu-
lation of lymphocyte regulatory functions might be mechanisms explaining the effects of cli-
mate therapy in these disorders (8, 9).

Many patients — especially those with severe forms of the above-mentioned diseases — cannot
be subjected to allergological testing in the lowlands under the conditions of daily life at all.
This is due to the fact that either the skin organ or the respiratory tract constantly show symp-
toms and must be treated, which prevents the patient from testing, or strong symptoms occur
immediately when the medication is discontinued, which makes testing impossible. For such
patients, moderate high mountain conditions are particularly valuable for providing them with
a further treatment strategy. Compared to Davos (1.600 m) the altitude in Bavaria with Oberjoch
(approx. 1200 m) and Berchtesgaden-Buchenhdhe (approx. 900 m) are still relatively low. With
a height of 2650 m, the UFS offers a location comparable to that of the Jungfraujoch in Europe.

It was the aim of this study to follow objective and subjective parameters in patients suffering
from rhinoconjunctivitis and/or atopic eczema, asthma over a 5 days observation period in the
Environmental Research Station Schneefernerhaus (UFS) at the Zugspitze (2650 m alt.) in the
alpine mountain climate of Bavaria compared to lowland in Munich (518 m alt.). Clinical symp-
toms, skin and lung parameters, blood parameters and self-assessed health status were ana-
lyzed.
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2.2 Materials and methods

2.2.1 Study Design

Five-day observation periods at the Environmental Research Station Schneefernerhaus (UFS)
were performed with groups up to 10 patients and/or controls in July/August 2008, March 2009
and July 2009. Skin physiology parameters, changes of the respiratory and nasal functions,
subjective symptoms and blood parameters were measured 3 to 4 days in Munich before the
sojourn at the UFS (t1), at the first and second day (t2) and at the fourth and fifth (t3) day during
the sojourn at the UFS as well as about 4 weeks later in Munich (t4). All participants reached
the UFS by railway within four hours. All study procedures were conducted according to the
Declaration of Helsinki. The local Ethical Committee approved the study. Patients had given
informed consent.

2.2.2 Patients

18 patients (6 males, 12 females; mean age: 30 years, range: 24-43 years) with grass-pollen
induced rhinoconjunctivitis, atopic eczema or asthma and 11 non-allergic controls (4 males,
7 females; mean age: 26 years, range 18-32 years) were included in the study. Characteristics
of patients are shown inTab. 1.

2.2.3 Diagnostic criteria

Atopic eczema was diagnosed according to the criteria of Hanifin and Rajka, the UK working
party and Ring et al. (10,11,12). Asthma in adults was diagnosed according to Global Strategy
for Asthma Management and Prevention (13).

2.2.4 Blood tests

A maximum of 20 ml per blood sampling time (maximum 3 time points) was required. The
total IgE, a spectrum of specific IgE antibodies (main focus on inhaled allergens), a complete
blood count and parameters of inflammation of the skin and respiratory tract (eosinophilic
cationic protein ECP and soluble receptors) were determined.

2.2.5 Measurements

2.2.5.1 Dermatological examination

The examination of the skin was carried out in a standardised manner by trained physicians.
The focus of the study was set on the qualitative and quantitative description of atopic eczema.
The severity of the atopic eczema was determined by the SCORAD (scoring index for atopic
dermatitis). This is a standardised survey tool developed for this purpose, which records the
parameters of extent, intensity (divided into the criteria erythema, edema/papules, wetness/
crusts, excoriations, lichenification, dryness) and subjective symptoms (daytime pruritus and
sleep loss). (14)

2.2.5.2 Skin prick test

The skin prick test was performed on the volar sides of the forearms. Commercial extracts of
grass pollen allergens in various dilutions as well as saline and histamine solutions were used
as controls. The reactions were evaluated after 15 minutes and categorized according to the
diameter of the wheal and flare reaction. A wheal diameter of > 3 mm was defined as positive.
Tests in which the negative control was positive or in which there was no positive reaction
(including positive control) were excluded from the final evaluation.

Itch intensity after prick testing of histamine was rated on a computerized visual analogue scale
(VAS) ranging from 1 to 100, where 0 was defined as ‘no itch’ and 100 as ‘maximum itch’. The
scale was anchored at one-third of the VAS, defined to patients as the ‘scratch threshold’ (15).
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Chapter 2 a1
2.2.5.3 Measurement of skin physiological parameters (Fig. 1)
Parameters of skin function, especially with regard to the barrier function
of the upper skin layers (16), were investigated under the conditions of the
altitude climate:
2.2.5.4 Sebum content
A sebumeter (SEBUMETER SM 810, Courage and Khazaka electronics
GmbH, Koln, Germany) was used for the quantitative measurement of skin
surface fat. The measurement was based on fat spot photometry. The mat
tape of the sebumeter was brought into contact with skin (here forehead).
It became transparent in relation to the sebum on the surface of the meas-
urement area. Then the tape was inserted into the aperture of the device
and the transparency was measured by a photocell. The light transmission Fig. 1: Measurement of skin physiology
represented the sebum content and the result was displayed in pg/cm?. parameters
2.2.5.5 Skin hydration
To determine the skin hydration, a corneometer (CORNEOMETER CM825, Courage and Khaz-
aka electronics GmbH, KéIln, Germany) was used to determine the moisture content of the
outer layer of the epidermis (stratum corneum) by means of a capacitive measuring method.
Changes in the skin surface hydration resulted in a change in the capacitance of a precision
capacitor due to the change of a dielectric medium. This was evaluated electronically and dis-
played as a corneometer value.The value scale ranged from 1-150 units. For measurement, the
active front face of the probe head, coated with special glass, was placed on the flexor side of
the forearm.The corneometer reading was displayed after 1 second.
2.2.5.6 PH-value
The pH-value of the skin surface provides important information about the condition of the skin
and its protective acid mantle. Since the skin’s surface with its excretions and high moisture
content comes very close to the properties of an “aqueous solution’ it is suitable for immediate
pH measurement. The sensor for pH measurement on the skin surface of the skin-pH-meter
(SKIN-pH-METER PH 900, Courage and Khazaka electronics GmbH, KéIn, Germany) was char-
acterised by the fact that its active part was designed as a flat surface in order to be able to
measure on the skin (here: flexor side of the forearm). The measurement was based on a high
quality combined electrode, where both glass H+ ion sensitive electrode and additional refer-
ence electrode were placed in one housing. It was connected to a probe handle containing the
measurement electronics. The result of the measurement within seconds was displayed with
an accuracy of 0.1 pH.
2.2.5.7 Skin roughness (Fig. 2)
Skin roughness can be determined by means of an impression procedure
to determine the skin surface texture. Replicas were taken from the flexor
side of the forearm with a polyether impression material (Permadyne Ga-
rant 2:1, ESPE, Seefeld, Germany) according to a previous publication (16).
Each skin print is measured with the aid of a commercially available surface
measuring device (VisioScan VC98 with the software SELS 2000, Courage
and Khazaka electronics GmbH, KéIn, Germany). For the description of skin
roughness, those parameters were chosen that have proven to be particu-
larly meaningful for the description of the skin surface texture (skin scali- Fig. 2: Replica of the skin surface for

ness, skin smoothness). measurement of skin roughness

2.2.5.8 Transepidermal water loss

A tewameter (TewameterTM 300, Courage and Khazaka electronics GmbH, Kdln, Germany) was
used to determine the transepidermal water loss as a measure of the skin barrier function.The
physical basis for measuring the evaporation of water on a surface is the diffusion law discov-
ered by Adolf Fick:
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(A=surface (m?); m=water transported (g); t = time (h); D=diffusion constant (= 0.0877 g/m(h(mm
Hg))); p = vapour pressure of the atmosphere (mm Hg); x = distance from skin surface to point
of measurement (m))

The diffusion current dm/dt indicates how much mass is transported per time unit.The diffusion
current is proportional to the surface A of the perpendicularly penetrating interface and the
change in density per unit of displacement length dp/dx. D is the diffusion coefficient of water
vapour in atmospheric air. This law is only valid within a homogeneous diffusion zone. This is
approximately created by a hollow cylinder open on both sides, the shorter side of which is
placed on the skin (open chamber measurement). The water evaporating from the surface of
the skin evaporates through the cylinder on the opposite side. The resulting density gradient is
indirectly measured and evaluated by two pairs of sensors (temperature and relative humidity)
in the cylinder. The values are given in g/hm? The transepidermal water loss was measured
according to the guidelines of Pinnagoda et al. (17) on the flexor side of the forearm.This pa-
rameter is of particular importance as it can be used to detect very small disorders of the skin
barrier function both in healthy skin and in patients with atopic eczema, which already show
elevated levels of TEWL in non-affected areas.

2.2.5.9 Alkali resistance test

The alkali resistance test assesses the alkaline resistance of the skin. For this purpose, a skin
area was moistened with 0.5 M NaOH solution for 2x 10 minutes and covered with a small glass
platelet. In between was a 10-minute drying and observation area.The control was 0.9 % aque-
ous saline solution. The TEWL was then measured over both areas.

2.2.5.10 Laser Doppler flowmetry (Fig. 3)

By means of Laser-Doppler Imager (Moor Instruments, Axminster, England) it was possible to
measure the skin blood circulation without contact. A low energy laser was guided over the
surface of the skin (here both forearms) in a meandering manner by a mirror that can be rotat-
ed on two axes. The light was scattered through the static surface and the moving blood. The
double shifted and unchanged light components were directed to two detectors via the movable
scanning mirror and the incoming mixed signal was used to calculate the parameter Flux (pro-
portional to the blood flow). The value was given in device-specific units.

Fig. 3: Laser Doppler Flowmetry
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2.2.6 Respiratory parameters

2.2.6.1 Peak flow measurement

The severity of a breathing disorder can be assessed by peak flow measurement. This method
measured the maximum exhalation flow (peak flow) at forced expiration at the mouth in I/s or
I/min. The mouthpiece of the peak flow meter (Mini-Wright-Peak-Flow-Meter, Clemente Clark,
Essex, England) was attached to the mouth and the pointer is positioned at 0 I/min.The patient
breathed deeply while standing, held the device horizontally, covered the mouthpiece with his
or her lips and exhaled through the device as fast and powerfully as possible. The value was
read above the pointer. In healthy subjects, the peak flow rate is usually between 400 and 700
I/min. In this study, the subjects were instructed to perform a peak flow measurement three
times a day with the nose clamp attached while standing. The peak flow measurement was
carried out three times at each measuring point and the best results were documented.

2.2.6.2 Rhinomanometry

In all subjects rhinomanometric function parameters were determined with a spirometer
(Flowscreen Pro, Jaeger GmbH, Hoechberg, Germany).The measurement method was used to
determine the airway resistance when inhaling through the nose. During inhalation and exha-
lation, a special respiratory mask was used to measure the differential pressure between the
space in front of the nostril and the oral cavity. With the aid of nasal olives, the choke pressure
and flow were determined and the measured value was graphically recorded in a nasal resist-
ance curve. The value of the nostril was selected as the reference point showing the least re-
sistance before exposure.

In the nasal provocation test, after adaptation to room temperature, the provocation was ap-
plied with NaCl 0.9% to the lower nasal concha on the mucous membrane and the flow was
recorded. The usual provocation with pollen was avoided due to the risk of an asthma attack.

2.2.6.3 Extraction of nasal secretion

To obtain nasal secretion, we used the absorption method with small cotton wool pieces:These
small cotton wool pieces were inserted into the middle nasal passage on both sides under
anterior rhinoscopy with a bayonet forceps for 15 minutes. Subsequently, they were centrifuged
at +8 °C and 3000 R for 20 min and the nasal secretion obtained was stored at -70 °C until fur-
ther processing. In all samples the eosinophilic cationic protein (ECP) was analyzed (CAP ECP
FEIA, Pharmacia, Uppsala, Sweden).

2.2.6.4 Pulmonary function parameters

In all subjects pulmonary function parameters were determined with a spirometer (Flowscreen
Pro, Jaeger GmbH, Hoechberg, Germany). The pulmonary function test measured parameters
for the characterisation of lung size, certain partial volumes and flow resistance.The measured
values were assessed in relation to standard values, so that a normal or limited lung function
could be detected in the individuals. The lung function, but especially the intensity of change
over time, is currently the most significant non-invasive parameter for measuring the co-reac-
tion of the lungs and bronchi.

The routine parameters VC max, FEV1, FEV1/VC max, ITGV, R tot, SR tot and the flow-volume
curve were evaluated using bodyplethysmography (Master Screen Body, Jaeger GmbH, VIASYS
Healthcare, Hochberg, Germany). (Fig. 4)

Under resting conditions and/or slow breathing conditions the vital capacity as well as its par-
tial volumes (VCin, ERV, IRC) were determined and the forced expiratory volume in one second
(FEV1) and other parameters (FVC, FEV1% VC, PEF, MEF75, MEF50, MEF25, MMEF) were deter-
mined by forcing expiratory volume in one second from the flow-volume curve. Bodyplethys-
mographically, the airway resistances and the intrathoracic gas volume at the end of normal
exhalation (FRC) were determined by means of short term occlusion at the mouthpiece (18).



44

Chapter 2

Fig. 4: Bodyplethysmography

2.2.6.5 Methacholine provocation

The methacholine provocation (for subjects with normal lung function) is one of the pharma-
cological bronchial provocation tests that have a firm place in patient care as well as in scien-
tific and expert questions.This challenge test was performed with a bodyplethysmograph (Mas-
ter Screen Body, Jaeger GmbH, VIASYS Healthcare, Hoechberg, Germany). After inhalation of
a control solution (physiological saline solution) the inhalative provocation with methacholine
was carried out in different dose levels. Inhaled methacholine does not cause any reaction at
all in healthy airways. If the airways are inflamed and therefore hypersensitive, there is a brief
airway constriction, which can be detected very well and early in the lung function. Lung func-
tion examinations were performed prior to provocation and after control and individual dose
levels.

2.2.6.6 Measurement of nitrogen oxide (NO) in the exhaled air (Fig. 5)

The measurement of nitric oxide in exhaled air serves as an objective and simple marker of

respiratory inflammation. For NO measurement, the patient exhaled in a seated position, then
NO-free air was inhaled via a mouthpiece. Finally, the patient breathed out
slowly into the mouthpiece, with the results being visible directly on a
screen. After 3 measurements the correct value was displayed. FEyo meas-
urements (NIOX MINO; Aerocrine, Solna, Sweden) were performed at the
different time points (19).

2.2.6.7 Conjunctival provocation test

Five serial dilutions (1:10) of grass pollen extracts were created.The test was
carried out gradually up to a clinical reaction with a score of at least 2+ for
itching and redness. Conjunctival symptoms (itching, burning, foreign body
sensation, tears, redness, chemosis, eyelid swelling) were evaluated ac-
cording to a score of 0 (none) to 3 (heavy) for each eye prior to allergen
provocation and 5, 10, 15, 20 minutes after challenge. A single drop (20 pl)
of the lowest concentration was placed in the conjunctival sac followed by

Fig. 5: Measurement of nitrogen oxide the next concentration at 10-min intervals switching from one eye to the

(NO) in the exhaled air

other until symptoms appeared. 0.1 % saline was used as negative control.
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2.2.7 Questionnaires

2.2.71 SF-36 Health Survey Test

The Short Form Health Survey is a 36-item, patient-reported survey of patient health.The SF-36
covers 8 different dimensions that can be classified in the areas of “physical health” and “men-
tal health”: Physical functioning, physical role functioning, physical pain, general health per
ception, vitality, social function, emotional role functioning and mental health (20).

2.2.7.2 Eppendorf Itch Questionnaire (EIQ)

The Eppendorf itch questionnaire (21) is a validated instrument for qualitative and quantitative
assessment of pruritus. It contains 80 items on itch sensation in blocks of ten. Each item is
rated with regard to the itch sensation on a five-point scale from 0 (not applicable) to 4 (very
applicable).

German Instrument for Measuring the Quality of Life in Skin Diseases — Deutsches Instrument
zur Erfassung der Lebensqualitat bei Hauterkrankungen (DIELH)

This questionnaire examines the quality of life for skin diseases in the areas of physical ail-
ments, mental health, everyday life, leisure, job/school, personal environment and treatment
on the basis of 36 questions (22).

2.2.7.3 Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ)

The Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) measures the functional problems
(physical, emotional, social and occupational) that are most troublesome to adults (17-70 years)
with either seasonal or perennial rhinoconjunctivitis of either allergic or non-allergic origin.The
RQLQ has 28 questions in 7 domains (activity limitation, sleep problems, nose symptoms, eye
symptoms, non-nose/eye symptoms, practical problems and emotional function). There are 3
"patient-specific’ questions in the activity domain which allow patients to select 3 activities in
which they are most limited by their rhinoconjunctivitis. Patients recall how bothered they have
been by their rhinoconjunctivitis during the previous week and respond to each question on a
7-point scale (0 = not impaired at all -6 = severely impaired).The overall RQLQ score is the mean
of all 28 responses and the individual domain scores are the means of the items in those
domains (22).

2.2.7.4 Blood parameters

The following blood parameters were determined: complete blood count (Sysmex XT-2000 i/
XT-1800i; Sysmex Corpotation, Japan), eosinophil cationic protein (CAP ECP FEIA, Pharmacia,
Uppsala, Sweden), human IL-16 (DuoSet ELISA Development System, R&D Systems Europe,
Abingdon, United Kingdom) and IL-33 (Human IL-:33 ELISA Quantitation Kit, Gentaur, Brussels,
Belgium).

2.2.7.5 Statistical analysis

Data were analyzed using SPSS. For statistical analysis the Friedman’s one-way analysis for
variance by ranks was used for paired samples and the Wilcoxon test for unpaired samples. For
the disease-related analysis the univariate analysis of Variance (ANOVA) was used. The critical
value for significance was set at P < 0.05 for all analyses. Data are presented as mean (+ SD).

2.3 Results

2.3.1 Patients

Out of the 18 patients 13 had rhinoconjunctivitis, 10 had asthma and 7 patients suffered from
atopic eczema. 11 patients had positive prick tests to house dust mites, 14 to grass pollen and
12 to early flowering species (hazel, alder, birch). 14 patients had specific IgE antibodies to
house dust mites, 16 to grass pollen and 10 to early flowering species. (Tab. 1)
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2.3.2 Dermatological examination and skin function
measurements (Tab. 2)

The severity of eczema as measured by SCORAD showed no significant changes (Fig. 6).
Also the sebum concentrations did not change significantly over the study period.

Stratum corneum hydration decreased significantly during the stay at the UFS (Fig. 7).

Skin surface pH showed a significant increase at the UFS between time point 1 and time point
2 as well as between time point 3 and time point 4 (Fig. 8).

Skin roughness showed a significant increase (p < 0.05) at time point 2 (controls: 0.6 + 0.2;
patients: 1.0 £ 0.3) vs. 1 (controls: 0.5 + 0.2; patients: 0.6 + 0.3) as well as a significant decrease
(p<0.01) at time point 3 (controls: 0.5 + 0.2; patients: 0.6 = 0.4) vs. time point 2 (controls:
0.6 + 0.2; patients: 1.0 + 0.3). Skin scaliness and skin smoothness increased significantly during
the stay at the UFS with significant differences (p < 0.01) between time point 1 (controls:
0.3 £ 0.2; patients: 0.3 + 0.2/controls: 18.2 + 3.8; patients: 18.2 + 2.0) vs. time point 2 (controls:
0.7 = 0.4; patients: 0.7 = 0.3/controls: 18.8 + 4.4; patients: 21.0 + 3.8) and time point 3 (controls:
0.6 + 0.3; patients: 0.8 + 0.3/controls: 18.5 + 4.3; patients: 22.3 + 4.3) to time point 4 (controls:
0.5 + 0.2; patients: 0.6 + 0.3/(controls: 15.1 = 0.5; patients: 19.0 + 2.9).

Transepidermal water loss (TEWL) did not show significant changes over the study period. Also
TEWL measured during the alkali resistance test showed no significant change during the study
period. The dermal blood flow did not show significant changes over the study period, but in
patients with atopic eczema this parameter increased significantly (p < 0.01) between time point
3vs. 1.

Fig. 6: SCORAD of patients with atopic eczema at the different Fig. 7: Skin hydration of patients and controls at the different

time points (t1 and t4: Munich; t2 and t3: UFS) time points (t1 and t4: Munich; t2 and t3: UFS)
Fig. 8: PH-values of patients and controls at the different time Fig. 9: Itch intensity after skin prick test with histamine of
points (t1 and t4: Munich; t2 and t3: UFS) patients and controls at the different time points (t1 and t4:

Munich; t2 and t3: UFS) (41)
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Fig. 10: FEV1/VC of patients and controls at the different time Fig. 11: FE(NO) of patients and controls at the different time
points (t1 and t4: Munich; t2 and t3: UFS) points (t1 and t4: Munich; t2 and t3: UFS)

The size of the wheals and flares after a prick test with different concentrations of the grass
pollen showed minor changes, namely an increase of the wheal size after prick test of the 1:100
solution at time point 3 vs. 2 and the decrease of the flare size of the 1:10 solution at time point
1 vs. 2 (data not shown). In patients with rhinoconjunctivitis the wheal size of the 1:10 solution
increased significantly (p < 0.05) between time point 1 vs. 2.

Itch intensity after prick testing of histamine rated on a computerized visual analogue scale
(VAS) decreased significantly between time point 2 vs. 1 and between time point 3 vs. 2 (Fig. 9).
In patients with rhinoconjunctivitis itch intensity decreased significantly (p < 0.05) between time
point 1 vs. time point 2.

2.3.2.1 Respiratory parameters (Tab. 2)
No significant changes in the rhinomanometric parameters (nasal flow and nasal resistance)
were found before and after application of NaCl during the study.

The forced vital capacity (FVC) showed a significant decrease (p < 0.05) at time point 3 (controls:
4.7 + 1.2 |; patients: 4.6 £ 1.2 1) vs. time point 2 (controls: 5.0 + 1.3 |; patients: 5.2 + 2.0 I). FEV1/
VC (Fig. 10), PEF, MEF 50 and MMEF25/75 (data not shown) increased significantly (p < 0.05) at
time point 3 or 2 vs. 1. The resistance during provocations tests with different concentrations
of methacholinchloride, peak-flow values and values of the measurement of exhalative nitric
oxide (NO) did not differ significantly at the different time points (Fig. 11).

2.3.2.2 Conjunctival provocation test (Tab. 2)

Conjunctival provocation with allergen solution in different concentrations did not differ signif-
icantly at the different time points. In patients with asthma there was a significant increase
(p < 0.05) of this parameter at a concentration of 1:100 after 5 minutes at time point 1 vs. 2 and
a significant decrease (p < 0.05) at time point 2 vs. 3 (ANOVA).

2.3.1.3 Quality of life — questionnaires (Tab. 2)

Statistical analysis of several questionnaires (SF-36 Questionnaire, Eppendorf Itch question-
naire, Deutsches Instrument zur Erfassung der Lebensqualitat bei Hauterkrankungen [DIELH])
revealed no significant differences of the scores at all time points. The score of the Rhinocon-
junctivitis Quality of Life Questionnaire [RQLQ]) increased significantly (p < 0.05) between time
point 1 (controls: 6.6 + 0.3; patients: 5.6 = 0.9) vs. 3 (controls: 6.8 + 0.2; patients: 5.8 + 0.9). This
increase reflects an improvement of symptoms.

2.3.2.4 Blood parameters (Tab. 2)

Erythrocytes, hemoglobin and hematocrit increased significantly (p < 0.01) at time point 2 vs.
time point 1. In the serum a significant decrease (p < 0.01/p < 0.05) of the eosinophil cationic
protein (ECP) and of interleukin-33 was found at the beginning of the stay at the UFS versus the
first assessment in Munich (t2 vs. t1) and again a significant increase for ECP (p < 0.01) at the
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last assessment in Munich versus the end of the stay at the UFS (t4 vs. t3). Interleukin-16 in the
serum and ECP in the nasal secretions did not differ significantly during the different time points.

For the influence of the different atopic diseases (rhinoconjunctivitis, atopic eczema, asthma)
on the above mentioned parameters (ANOVA) see Tab. 2.

2.4 Discussion

It was shown in this study, that a 5-day-sojourn at the Environmental Research Station Schnee-
fernerhaus (UFS Zugspitze) at an altitude of 2650 m alt. exerts different effects on atopic dis-
eases with amelioration of itching and some respiratory parameters.

A clinical improvement of atopic eczema skin lesions using the severity score SCORAD was not
found.This was in contrast to reported benefits of climate therapy in patients with atopic ecze-
ma during treatment in specialized in-patient facilities in the alpine mountain climate of Bavar-
ia (24, 25) or in mountain altitude conditions like Davos (4, 7, 26). Moreover a worsening of some
skin physiology parameters (e.g. stratum corneum hydration, pH, skin roughness) was ob-
served. One reason of this phenomenon might be the fact that topical glucocorticosteroids were
withdrawn 1 week before time point 1, another reason could be the low air humidity at this
altitude with negative influences on the skin. Only histamine-induced itching improved signif-
icantly during the observation period at the UFS. It is known that in the Swiss mountain area
of Davos itch intensity was found to be correlated with some meteorological variables, espe-
cially air temperature (27).

Several lung parameters (FEV1/VC, PEF, MEF 50 and MMEF25/75) improved, only the forced
vital capacity decreased.This is in accordance to previous studies with children and adolescents
in in-patient rehabilitation programs (28, 29, 30, 31) in moderate high mountain climate show-
ing an improvement of lung function disturbances. Decrease of exhaled NO as a parameter of
lung inflammation was also seen in asthmatic patients under mountain climate therapy (5), but
not in our study.

The SF-36 questionnaire was constructed to survey health status and designed for use in clin-
ical practice and research, health policy evaluations and general population surveys (20). In our
study at the UFS there were no significant differences of the score at the different time points.
Furthermore the scores of the skin specific questionnaires emphazising the pruritus (The Ep-
pendorf Itch Questionnaire) and the quality of life (DIELH) did not differ significantly in our
study. By contrast, in the AURA study we found a significant amelioration of the scores con-
firming the benefit of the therapy in Pfronten (25). Only the RQLQ showed a significant differ-
ence between time point 1 and time point 2 in our study with a negative influence of atopic
eczema and a positive influence of asthma.

Exposure to the moderate altitude had significant effects on red blood cells (32) with an increase
of eosinophils during the stay at the UFS. This is in contrast to other studies during hospital
treatment of atopic eczema in the mountain climate (33) and the North Sea climate with de-
creased eosinophils (34).

Elevated ECP and IL-33 levels are regarded as markers of inflammation in asthma and atopic
eczema (35, 36). In our patients with atopic diseases ECP together with IL.-33 decreased signif-
icantly. Similar effects had been shown in the mountain climate of Davos for ECP (8).

It could be shown that circulating 1l-16 levels are correlated with the SCORAD in adult patients
with atopic eczema (37) and decreased significantly in these patients after successful treatment
(38). We did not find a decrease in our patients with atopic diseases.

Despite the extensive and detailed measurements of characteristics of atopic diseases during
a 5 day observation period in the mountain climate of the Zugspitze in Bavaria only a few
parameters improved. The stay was helpful for patients with asthma, whereas patients with
atopic eczema did not benefit from it and even their skin physiology parameters worsened.This
might be due to the short duration of the sojourn and specific environmental factors at this
altitude. It would be of interest assessing the skin parameters and characteristics of atopic ec-
zema during observation periods lasting several weeks in the alps.
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Since there is recently some criticism regarding validated data for the moderate altitude ther-
apy for patients with allergic diseases (39, 40) the methodology presented can serve as a suit-
able template for qualified studies on the effect of climate therapy.
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