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Abstract

Background: Recent studies indicate that mast cells are
more abundant in the obese state. Total serum tryptase (ST)
is a marker of mast cell numbers or activity. Since obesity and
asthma have been consistently linked in epidemiological
studies, a possible higher mast cell activity in obesity could
be afactor between the two conditions. The aim of this study
was to investigate determinants of ST and whether a poten-
tial association between obesity and allergic respiratory dis-
ease would be influenced by levels of ST in obese persons.
Methods: Measurements of ST (ImmunoCAP Tryptase as-
say), atopy (skin prick test reactivity), methacholine bronchi-
al hyperresponsiveness (BHR), body mass index (BMI) and
serum lipids were performed in a general population of
1,216 persons aged 15-69 years. Results: ST increased sig-
nificantly with increasing BMI. The median ST level increased
from 3.3 g/l in persons with BMI <25 to 4.4 g/l in persons
with BMI >30, p < 0.0001. Age (p < 0.0001), male sex (p =
0.0009) and smoking (p = 0.022) were positively associated
with ST, whereas alcohol consumption (p = 0.005) was in-
versely associated with ST. ST was not associated with atopy,

symptoms of allergic respiratory disease or BHR. A positive
association between symptoms of allergic respiratory dis-
ease and obesity (OR = 1.98, 95% Cl = 1.25-3.14) was not in-
fluenced by obesity-related differences in ST. Conclusions:
Increasing BMI was significantly associated with increasing
ST and the prevalence of symptoms of allergic respiratory
disease. However, mast cell activity/burden (assessed by ST
levels) did not influence the association between BMI and

asthma/rhinitis sym ptoms. Copyright © 2011 S. Karger AG, Basel

Introduction

Tryptase is a neutral protease from mast cells. From
several forms and proforms, 3-tryptase is the most abun-
dant and active form of the tryptases. It is a tetramer
folded by covalent binding and with the active site em-
bedded in a central pore, which renders the active site
difficult to reach and deactivate by anti-proteases in
plasma [1]. Tryptase is granule stored and released with
other heparin-bound compounds when mast cells are
activated [2]. Therefore, total serum tryptase (ST) may be
considered a measure of mast cell activity or mast cell
burden [1]. ST is used in the diagnosis of mast cell disor-

KA RG E R © 2011 S. Karger AG, Basel
1018-2438/12/1572-0151$38.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/iaa

Correspondence to: Dr. Runa Vavia Fenger

Research Center for Prevention and Health

Glostrup University Hospital, Building 84-85
Nordre Ringvej 57, DK-2600 Glostrup (Denmark)
Tel. +45 3863 3256, E-Mail Ruvafe01 @glo.regionh.dk



ders [3, 4], as a marker of the risk of severe allergic reac-
tions [5, 6] and as a marker of recent allergic reactions [4].
The major physiological targets for mast cell tryptase are
not known. However, tryptases have been reported to
degrade many proteins leading to varying effects and
may activate protease-activated receptors, PARs, for ex-
ample [1, 7].

Besides their role in allergic reactions, mast cells have
increasingly been associated with different inflammato-
ry conditions as adiposity, atherogenesis [8-11] and auto-
immune diseases [11]. Mast cells have been found to be
more abundant in subcutaneous abdominal adipose tis-
sue from (1) obese humans than from non-obese humans
[12], and (2) from persons with the metabolic syndrome
than from persons without it [13]. In mice, it was shown
that active mast cells were necessary for the development
of dietary-induced adiposity [12]. An increase in mast cell
numbers or pronounced activation of mast cells may be
reflected by higher ST levels. One study investigating ST
after acute coronary syndromes did not find elevated ST
levels [14], but concluded that the numbers of mast cells
activated in the coronary arteries probably were too few
to detect a systemic increase in ST. However, the studies
on this subject have included a limited number of patients
[12-14]. A Spanish general population study [15] in 420
adults found that increasing ST levels were associated
with increasing BMI and the metabolic syndrome, but
these associations were not statistically significant after
adjustment for potential confounders. In the present
study in an adult general population in Denmark, we
aimed to investigate a possible association between ST
and BMI. Furthermore, epidemiological studies have
consistently shown a positive association between obesity
and the risk of asthma [16-18]. Nevertheless, the underly-
ing mechanisms for such a relationship are not yet known.
It has been suggested that the low-grade inflammation
associated with obesity could be the pathogenetic mecha-
nism linking obesity to asthma [19]. If mast cells play a
role in both obesity and asthma, ST, being a marker of
mast cell activation, could theoretically represent a link
between the two. Therefore, we investigated the possible
association between BMI and asthma, and whether ST
might act as an intermediate variable in the relationship
between BMI and asthma.

Subjects and Methods

The current study was planned in 2008 and took advantage of
already collected data and sera from a previously conducted study;,
the Copenhagen Allergy Study.
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Participants

The Copenhagen Allergy Study was a population-based study
carried out between October 1997 and November 1998. The aim
of the study was to assess the prevalence and risk factors of aller-
gic diseases. The study design and general characteristics of the
study population have been reported in more detail elsewhere [20,
21]. In brief, random samples of 15- to 69-year-old individuals,
born in Denmark and with Danish citizenship, living in 11 mu-
nicipalities in the South-Western part of Copenhagen (the Capital
of Denmark), were drawn from the Civil Registration System and
invited to a health examination. A total of 1,216 persons (62% of
the invited) were examined. The invitation procedure was a two-
stage design in order to enrich the study population with persons
reporting allergic respiratory symptoms. The first stage consisted
of a screening questionnaire survey of allergic respiratory symp-
toms. The second stage included a health examination, a self-ad-
ministered questionnaire and allergy tests. Among others, the ex-
aminations included skin prick test (SPT) reactivity and serum-
specific IgE positivity against common inhalant allergens, and a
test of bronchial hyperreactivity (BHR), as described below. The
health examination, blood sampling and SPTs were performed by
nurses. Measurements of body weight and height were done with
the participants in light clothing without shoes. BMI was calcu-
lated as weight/height? (kg/m?). In some of the analyses, BMI was
categorized as underweight (<18.5), normal weight (18.5 to <25),
overweight (25 to <30) and obese (=30). The Copenhagen Al-
lergy study was approved by the Ethics Committee, and written
informed consent has been obtained from all participants.

Serum Tryptase

Blood was drawn on the day of the health examination during
the period from October 2007 to November 2008. The partici-
pants had not been fasting overnight. Sera were stored at -20°C
from the day of the blood sampling to the day of analyses. In 2010,
ST was determined (in groups of 50-100 serum samples at the
time) using the ST ImmunoCAP tryptase assay (Phadia, Uppsala,
Sweden) in the ImmunoCap-250 analyzer (Phadia), which deter-
mines total tryptase, i.e. all pro-forms and mature forms of 3- and
a-tryptase [4] (Phadia AB, Immunocap®). The reportable range
is 1-200 pg/l. An upper reference level of 10 g/l is recommended
by the manufacturer, based on a study in 126 healthy individuals
(aged 12-61 years; 48% males). Some authors have adopted the
95th percentile in that series (11.4 ng/l) as the upper reference
level [22, 23], and others have adopted the upper 95% confidence
limit for the mean (13.5 pg/l) in the same series [24]. Still other
authors have suggested 15 g/l as the upper reference concentra-
tion [4, 25].

Biomarkers

Blood samples were drawn and handled as described above.
HDL cholesterol, total cholesterol and triglycerides were deter-
mined using the VITROS 950 automatic analyzer (Johnson &
Johnson, Langhorne, Pa., USA). Very-low-density lipoprotein
(VLDL) was calculated as triglyceride X 045. LDL values were
calculated by subtracting HDL and the calculated VLDL from to-
tal cholesterol. Systolic and diastolic blood pressure values were
each measured twice in the sitting position, and the mean of the
two measurements were used, respectively.
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Skin Prick Test Reactivity

The Soluprick SQ® system (ALK-Abells, Horsholm, Den-
mark) was used for SPT testing as described previously [20]. The
panel of allergens comprised birch pollen (Betula verucosa), grass
pollen (Phleum pratense), mugwort pollen (Artemisia vulgaris),
animal danders (horse, cat and dog), two house dust mites (Der-
matophagoides pteronyssinus and Dermatophagoides farinae), and
two moulds (Cladosporium herbarium and Alternaria alternata).
A mean wheal diameter =3 mm was considered positive. SPT re-
activity was defined as a positive SPT to at least 1 of 10 allergens.

Methacholine Bronchial Hyperreactivity

Methacholine BHR was measured with a modification of the
method of Yan et al. [26] as described in detail elsewhere [27]. A
maximal cumulative dose of 1,200 g methacholine was inhaled,
beginning with 9.39 ng and ending at a dose of 600 pg, with each
inhalation representing a doubling of the cumulative dose. Lung
function was measured 1 min after each dose and the test was
stopped if the forced expiratory volume in the 1st s (FEV;) was
20% below the initial level (following saline inhalation). The pro-
vocative dose of methacholine required to cause a 20% fall in FEV,
(PD,g) was calculated. BHR was defined as a PD,, below the max-
imal cumulative dose of 1,200 pg [27].

Symptoms of Allergic Respiratory Disease

Reporting symptoms of allergic respiratory disease was defined
as confirmatory answers to symptoms of either allergic rhinitis,
allergic asthma or both. Symptoms of allergic rhinitis were defined
as a confirmative answer to at least one of the questions ‘Have you
within the last 12 months had an itchy or stuffy nose or have you
been sneezing when (A) near grass, trees, or flowers, (B) following
exposure to furry animals, e.g. horse, dog, cat, rabbit, guinea pig or
hamster, or (C) following exposure to dust from cleaning or from
making a bed?” Symptoms of allergic asthma were defined as a con-
firmative answer to at least one of the questions ‘Within the last 12
months have you experienced shortness of breath or trouble breath-
ing following exposure (A) to grass, trees or flowers, (B) to furry
animals, e.g. horse, dog, cat, rabbit, guinea pig or hamster, or (C) to
dust when cleaning rooms or making beds, or when in bed?’

Alcohol Intake and Smoking

The average amount and type (beer, wine or spirit) of alco-
holic beverage consumed per week during the last 12 months was
recorded by a number of questions. One beer, one glass of wine or
one glass of spirit was counted as one standard drink (1.5 cl or
12 g of pure ethanol). The total average amount (units) consumed
per week was calculated. Total alcohol intake assessed by this
method has previously been found well correlated with levels of
v-glutamyl transferase [28]. Smoking status (table 1) was defined
in three categories: never smokers, ex-smokers and daily smokers
(=1 g tobacco/day). In linear regression and logistic regression
analyses (table 2, 3), smoking status was defined as current smok-
er or non-smoker.

Statistics

Statistics were performed using the statistical program SAS,
version 9.2 (SAS Institute Inc., Cary, N.C., USA). All p values re-
ported are two tailed and statistical significance was defined as
p <0.05. The Mann-Whitney U test was used to compare ST con-
centrations (table 1). Linear regression (table 2) and logistic re-
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Table 1. ST concentrations in relation to demographic variables,
atopy, lifestyle factors and BMI

n Median tryptase p

(25th-75th value®
percentile), g/l

Sex

Female (reference) 648 3.4(2.3-4.9)

Male 547 4.0 (2.6-5.7) <0.01
Age

15-50 years (reference) 897 3.4(2.3-4.9)

>50 years 298 4.4 (3.1-6.3) <0.01
Alcohol consumption

Abstainers (reference) 219 3.8 (2.5-5.6)

Light drinkers 1-14 U/week 803 3.7 (2.5-5.1) 0.30

Heavy drinkers >14 U/week 159 3.7 (2.1-5.3) 0.29
Smoking

Non-smokers (reference) 537 3.4(2.3-4.8)

Ex-smokers 211 4.0 (2.6-5.3) 0.03

Current smokers 435 3.8(2.6-5.7) <0.01
BMI

Underweight 17 2.7 (2.2-4.3) 0.48

Normal weight (reference) 589 3.3(2.3-4.9)

Overweight 401 3.8 (2.5-5.6) <0.01

Obese 188 4.4 (3.0-6.1) <0.01
Serum HDL concentration

Normal (reference) 1,057 3.7 (2.4-5.2)

Too low® 129 3.5(2.4-5.3) 0.86
Atopy

SPT negative (reference) 727 3.7 (2.4-5.3)

SPT positive 466 3.7 (2.4-5.1) 0.49
Allergic respiratory disease

Absent (reference) 639 3.8(2.5-5.4)

Present 576 3.6(2.3-5.1) 0.04
Bronchial hyperreactivity

Absent (reference) 1,003 3.6 (2.4-5.1)

Present 154 3.9 (2.5-5.6) 0.33

* Comparison with the reference category (Mann-Whitney U
test).
b <1.036 mmol/1 for males and <1.295 mmol/I for females.

gression (table 3) were used for multivariate analyses. p values of
likelihood ratio tests were used to test for statistical significance
in all multivariate analyses. Tryptase concentrations were In
transformed. Therefore, the B-coefficients of the explanatory
variables can be interpreted as the percentage increase or decrease
in ST for any change of 1 unit of the explanatory variable. The
concentrations of the blood lipids were In transformed in order to
fulfill model assumptions of linear regression. Model assump-
tions of linear regression analyses were fulfilled. In order to fur-
ther assess and to directly compare the importance of the explan-
atory variables on the ST level, the standardized effect of each of
these explanatory variables on ST was calculated (table 2). The
standardized effect was defined as the percentage increase or de-
crease in ST level that a certain difference in the explanatory vari-
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Table 2. Multivariate analyses (linear regression) of factors associated with ST concentrations

Covariates Unadjusted analyses Adjusted analyses
coefficient p value coefficient p value standardized
(slope) (slope) effect, %*
Age, years 0.0095 <0.0001 0.010 <0.0001 15.0
Sex

Female (reference) (reference)

Male 0.1234 0.0012 0.110 0.012 10.7
BMI 0.0192 <0.0001 0.010 0.037 4.3
Serum HDL, pmol/l -0.173 0.046 -4.2
Alcohol consumption, U/week -0.0004 0.8812 -0.006 0.015 -5.1
Smoking

Non-smokers (reference) (reference)

Former smokers 0.0544 0.1691 -0.022 0.693 -

Current smokers 0.078 0.071 7.1
Atopy status

SPT negative (reference) (reference)

SPT positive 0.0276 0.4800 0.016 0.690 -

All covariates were used in the adjusted model: In(ST) = age, sex, atopy, BMI, alcohol consumption, smoking.
2 Percentage change in ST for 1-SD change in covariate (continuous variables) or for full change in covariate (binary variables) for

the adjusted model.

Table 3. Multivariate analyses (logistic regression) of the associations of BMI with symptoms of allergic respiratory disease with meth-

acholine BHR
BMI Self-reported symptoms of allergic respira- Methacholine BHR
tory disease (n = 576//N = 1,215) (n 159//N =1,177)
model 1 model 2 model 1 model 2
including including
tryptase tryptase
Categorical
Normal weight 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Overweight 1.37 (1.01-1.86) 1.38 (1.02-1.88) 0.85 (0.56-1.29) 0.82 (0.53-1.26)
Obese 1.68 (1.13-2.50) 1.73 (1.16-2.58) 1.23 (0.749-2.014) 1.24 (0.75-2.05)
Continuous 1.05 (1.02-1.08) 1.05 (1.02-1.09) 1.03 (0.99-1.07) 1.03 (0.99-1.07)

Estimates are ORs (95% Cls). Model 1 is adjusted for age, sex, SPT reactivity and alcohol consumption. Model 2 is adjusted for all

variables included in model 1 and for In(tryptase).

able would bring about. For continuous explanatory variables, the
standardized effect was defined as the theoretical percentage in-
crease or decrease in ST per standard error difference of the ex-
planatory variable. For binary variables, the standardized effect
was simply defined as the B-coefficient of the variable estimated
in the model. The question of whether mast cell tryptase could
represent a link between obesity and asthma was investigated in
multivariate logistic regression models of the association between
BMI (explanatory variable) and symptoms of allergic asthma (de-
pendent variable) with (model 2) and without (model 1) ST in-
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cluded as explanatory variable. The estimates for the effects of
obesity on allergic asthma symptoms obtained in models 1 and 2
were compared. The model assumptions of the regression analy-
ses, including linearity between logit of the dependent and inde-
pendent variables, were fulfilled.

Information on all variables could not be obtained for all par-
ticipants, and analyses were based on a number of participants
varying between 1,150 and 1,216 as mentioned in the individual
tables. Cases with undetectable tryptase concentrations were as-
signed an arbitrary value of 0.9 pg/l.

Fenger/Linneberg/Vidal/Vizcaino/
Husemoen/Aadahl/Gonzalez-Quintela



T I T

T
31-40

Serum tryptase (ug/l)
(o))
|

i

61-70 >70

T
15-30 41-50 51-60

Age (years)

*
% 6.35
L 6 .
= 5.85 5.72
g 5 >12 484
% 5 4.72 458 g
22, 410 4.09
v £
g 31 13 328 3.21
5 = 3 2.89 2.86
=B
= 5 227 2.24 217
<
A
~N 1A

females males
Obese

females males
Overweight

females males
Normal weight

Fig. 1. ST according to age. Horizontal bold lines represent me-
dian values, boxes represent the range from the 25th to the 75th
percentile. Whiskers represent the 5th and the 95th percentile. All
groups were significantly different from the 15- to 30-year group
(p < 0.005).

Results

The distribution of ST among the 1,195 participants is
shown in figure 1. ST varied from less than an undetect-
able level of 1 to 104 pg/l. The mean was 4.47 pg/l, the
median was 3.67 pg/l and the 5th and 95th percentiles
were 1.02 and 9.56 pg/l, respectively.

ST increased significantly with increasing age (table 1,
2;fig. 1). The estimate for the association between age and
ST was essentially similar in unadjusted and adjusted
analyses (table 2). Furthermore, males had around 13%
higher ST levels than women (table 2). BMI and ST were
positively and significantly associated (table 1; fig. 2). Al-
though the increase in ST in relation to BMI appeared to
be stronger in men than in women, there was no statisti-
cally significant interaction (p = 0.27). With every in-
crease of 1 kg/m? in BMI, the ST increased with approxi-
mately 1.2%. The standardized effect of BMI on ST was
approximately 4% (table 2), since for a standard error dif-
ference of BMI of 4.6, ST would increase by approximate-
ly 4.3%. The ST level was significantly higher among
smokers than among non-smokers (table 1). This was
confirmed in the multivariate analyses, which estimated
that smokers had an ST level around 9% higher than non-
smokers (table 2). Alcohol was inversely associated with
ST. The standardized effect of alcohol on ST was approx-
imately of the same magnitude as the positive standard-
ized effect of BMI on ST (table 2).

Among the different markers of dyslipidemia, serum
(S)-HDL was the only one that was significantly associ-

Determinants of Serum Tryptase

Fig. 2. ST according to BMI and gender. * p < 0.008 vs. normal-
weight group; trend tests: females p = 0.0014 and males p = 0.0005.

ated with ST. S-LDL, serum total cholesterol and serum
triglycerides did not appear to be associated with the lev-
el of ST (data not shown). S-HDL and ST were inversely
associated. For every 1-unit increase in In(S-HDL), ST de-
creased with 17% [B-coefficient of In(S-HDL): -0.171].
The standardized effect of In(S-HDL) on ST was -4.2%.
Thus, in this study population, the association between
ST and S-HDL was approximately of equal magnitude to
(and independent of) the association between ST and
BMI. SPT reactivity, BHR and asthma/rhinitis symptoms
were not significantly associated with ST levels, neither
in univariate nor in multivariate analyses (table 1, 2). All
estimates of associations between variables mentioned in
table 2 and ST were similar with and without SPT reactiv-
ity included in the analyses.

There was a statistically significant association be-
tween BMI and self-reported symptoms of allergic asth-
ma and rhinitis (table 3). Thus, the risk of reporting
symptoms of asthma or rhinitis increased with increas-
ing categories of BMI. There was a tendency towards an
association between self-reported asthma within the last
12 months and BMI. However, ST did not seem to explain
any of these associations. In univariate analyses (table 1),
the level of tryptase was slightly lower in persons with
symptoms of rhinitis compared to those without. Never-
theless, in multivariate analyses (table 3), ST levels were
not significantly associated with symptoms of allergic
rhinitis (p = 0.15), symptoms of allergic asthma (p = 0.10)
or with self-reported asthma within the last 12 months
(p = 0.43). Furthermore, adding ST levels to the logistic
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model left the estimates of the associations between BMI
and symptoms of allergic asthma/rhinitis or ‘asthma
within the last 12 months’ essentially unchanged. Neither
BMI nor ST was associated with methacholine BHR.

Discussion

We found that age, male sex, BMI and smoking were
positively and alcohol drinking inversely associated with
ST levels. Furthermore, S-HDL was inversely associated
with ST levels, and the association was independent of
BMI. In contrast, asthma and rhinitis phenotypes, SPT
reactivity to inhalant allergens and BHR were not sig-
nificantly associated with ST levels.

In the present study, body constitution reflected by
BMI was significantly associated with ST, and this was
independent of possible confounding factors. This con-
tirms the results of the Spanish population study [15] that
found a tendency towards higher ST levels in obese per-
sons and persons with the metabolic syndrome. The
Spanish study included one third of the number of par-
ticipants compared to the present study. Consequently,
the statistical tests used in the Spanish study were less
powerful, possibly explaining the significant associations
found in the present but not in the Spanish study. All in
all, essentially similar results were noted in two different
European populations, and, thus, the results seem to be
independent of environmental and cultural differences
between Northern and Southern Europe. Our results are
also in line with studies reporting that mast cells are more
abundant in the abdominal subcutaneous adipose tissue
in persons with the metabolic syndrome [13] and in obese
persons [12]. In the latter study, it was also shown that in
mice active mast cells were necessary for a high weight
gain [12]. In comparison with mast cell-competent mice,
mice genetically lacking mast cells or mice with pharma-
cologically stabilized mast cells did not gain weight when
fed a Western diet. Thus, even though mice genetically
lacking mast cells may have many other health problems,
this mouse study suggests a plausible biological mecha-
nism for the observed associations between ST and BMI.

Our results suggested a significant association be-
tween S-HDL and ST similar to the association between
BMI and ST. Interestingly, total cholesterol and S-LDL
were not associated with ST. This is consistent with some
results in mice [8] in which mast cell activation did not
influence total cholesterol and S-LDL, but conflicting
with other studies in mice [9]. The inverse association
between ST and S-HDL could be due to the finding that
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mast cell tryptase can degrade the apolipoproteins on
HDL [5] and thereby decrease the function of HDL [10,
29]. The difference in HDL levels among different indi-
viduals has also been suggested to depend on the geno-
type of a mast cell chymase gene [30]. Unfortunately, we
did not have data on glucose or waist circumference so we
could not determine the metabolic syndrome [31] for
many of the participants. However, a summary of the re-
sults suggests that mast cells could play an important role
in obesity, e.g. as a pro-inflammatory mediator, thereby
extending the pathophysiological role of mast cells.

There seems to be an individual baseline tryptase lev-
el which increases with age and which is higher in men
than in women. Other studies have also noticed a steady
increase in ST level with age [6, 15, 32]. Our data from a
general population indicate that age is such an important
factor that different ST reference levels for younger and
older persons may be warranted. Furthermore, ST has
been shown to be a predictor of severity of reactions in
hymenoptera venom allergy [5, 6, 32, 33]; therefore, a
more accurate reference level may help the clinician de-
ciding when to start immunotherapy. It is not clear
whether elderly individuals have more mast cells, if the
mast cells are more active or whether they simply degrade
tryptase slower than younger individuals.

In our study, ST levels were higher in men than in
women, in agreement with the study by Komarow et al.
[34] in atopic children and the Spanish study [15]. Alcohol
consumption was negatively associated whereas smoking
was positively associated with ST levels. Even though it
could have been expected that atopy (SPT reactivity)
would be associated with mast cell activity and, thus,
higher ST levels, this notion was not confirmed by our
data. Results from other studies on this issue have also
been conflicting [34, 35], but one of the studies [35] that
reported an association between SPT reactivity and ST
did not take age, a strong potential confounder, into ac-
count.

There have been several epidemiological studies re-
porting a positive relationship between BMI and asthma
[16-18]. In this study, we partly confirmed these findings
because increasing BMI seemed to be associated with a
higher prevalence of symptoms of allergic respiratory
disease. Assuming that the association between BMI and
asthma (in this study: allergic respiratory disease) is
caused by obesity-induced inflammation, we hypothe-
sized that mast cells could be part of the link between the
two conditions. Thus, obesity might increase the number
of mast cells, which in turn would make the individual
more prone to a mast cell-dependent [36, 37] asthmatic
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response on allergen exposure. However, we did not find
any indication that ST influences the link between obe-
sity and allergic respiratory disease. There are several
possible explanations for these findings. First, an in-
creased number of mast cells in the white adipose tissue
may not reflect an increased number of mast cells in the
lungs, or active mast cells in one site of the body, e.g. in
the white adipose tissue, do not reflect mast cell activa-
tion in other sites of the body. Second, even if mast cell
numbers or activity in white adipose tissue is related to a
tendency to a mast cell-driven asthmatic response, this
would not necessarily be reflected by ST levels.

In conclusion, serum levels of mast cell tryptase in-
crease with increasing BMI, indicating that either mast
cell numbers or mast cell activity vary with body consti-
tution. Further, it raises the hypothesis that mast cells

may be involved in the pathological mechanisms in obe-
sity-related diseases. However, these obesity-related dif-
ferences in ST levels did not appear to influence the as-
sociation between BMI and allergic respiratory disease.
Finally, we confirmed that ST is positively associated with
increasing age, male sex and smoking, but inversely as-
sociated with alcohol intake.
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