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Is Serum Tryptase a Valuable Marker
for Obesity-Bronchial Asthma
Interrelationship in Children?

Abstract

Background: Asthma among obese represents a unique phenotype. Mast cells are more abundant in
obese. Serum tryptase (ST) is a marker of mast cell numbers or activity. Since obesity and asthma have
been linked in epidemiological studies, a possible higher mast cell activity in obesity could be a factor
between the two conditions. This study was to investigate ST and its potential association between obesity
and childhood asthma.

Methods: Study recruited 60 asthmatic children, their age ranged from 5-16 years. They were divided
according to BMI centile to 30 obese and 30 non-obese asthmatics. Thirty healthy non-asthmatic, non-
atopic and non-obese children; were included as a healthy control. Serum tryptase, atopy (skin prick test
reactivity) and spirometry were assessed.

Results: Frequency of atopy and positive skin prick test significantly increased among obese more
than non-obese asthmatics (P<0.05, OR = 1.96, 95% Cl = 1.27-3.24). FEV1% of predicted mean levels were
lower among obese than non-obese asthmatics (p<0.05). ST was significantly higher in asthmatics than
in controls with a mean +SD of 53.3+13.78 ng/ml and 10.06+4.39 ng/ml respectively. ST was higher in
obese than non-obese asthmatics with amean +SD of 71.73+19.17 ng/ml and 34.5+8.68 ng/ml respectively
(P<0.05). There was a negative correlation between ST and FEV1 % of predicted and positive correlations

between ST and age, BMI, and waist circumference among asthmatics.

Conclusion: Mast cells play a role in both obesity and asthma, serum tryptase, being a marker of mast
cell activation, could represent a link between them.

Introduction

Asthma is determined by multiple interacting genetic and
environmental factors. Obesity is a common co-morbidity that
may adversely affect asthma severity and response to therapy
and recent studies have also suggested that obese asthmatics
respond differently to standard therapies than their non-
obese counterparts. Moreover, there is mounting evidence
that childhood obesity is a risk factor for the development of
asthma [1].

Mast cells are found to be more abundant in subcutaneous
abdominal adipose tissue from obese humans than from
non-obese humans [2]. Total serum tryptase (ST) could be
considered as a measure of mast cell activity [3]. Although
their biological function has not yet been clarified, tryptases
seem to be involved in a number of mast cell-mediated allergic
and inflammatory diseases. In particular, the involvement of
tryptase in asthma, an inflammatory disease of the airways
often caused by allergy, has been proposed [4].

Aim of the Study

This cross sectional study was designed to evaluate serum
tryptase (ST) in obese asthmatic children as a possible linkage
between both obesity and asthma. Accordingly, this study may
add to the pathogenesis of asthma among obese children that
could be critical to guide understanding of this disease process;
such studies will ultimately guide the development of new
therapies to treat the obese asthmatic population.

Methods
Study design and population

Current cross sectional study has respected principles
laid down in the Declaration of Helsinki, adopted by the 18™
World Medical Assembly, Helsinki, Finland, June 1964, which
recently amended at the 59™ World Medical Assembly, Seoul,
Korea; in October, 2008. The entire protocol was approved by
university ethical committee. All parents and/or care-givers
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provided signed an informed consent for participation in
study as required. This study was carried out in Pediatric Chest
Clinic, Children’s Hospital, Ain Shams University. It included
60 asthmatic children diagnosed according to “GINA, 2008”
[5], their age ranged from 5-16 years. They were 37 males and
23 females with male to female ratio 1.6:1. Asthmatic children
were subdivided according to body mass index (BMI) [6,7],
into: thirty obese asthmatic whose BMI were above the 95t
percentile according to sex- and age-specific BMI reference
range using charts provided by Centers for Disease Control and
Prevention, and thirty non-obese children whose BMI were
below the 95t percentile and above 5% percentile according to
sex- and age-specific BMI reference range using same charts
[6-8].

Thirty healthy non-asthmatic, non-atopic and non-
obese (BMI<95™ centile for age and sex) children; age and sex
matched with the patients’ group were included as a healthy
control group.

Exclusion criteria

Asthmatics with obesity secondary to an organic condition
were excluded. We excluded also children with chronic cardio-
respiratory or neuromuscular problems, and children less than
5 years (They were unable to perform spirometry maneuvers).
Additionally, children who had clinical manifestations
suggestive of existing acute respiratory infection or an acute
asthma exacerbation at time of testing or in the previous 3
weeks, or any other associated chronic systemic illness e.g.
diabetes mellitus were excluded.

Anthropometric measurements

Standing height was measured to nearest 1 cm against a
wall chart, and weight was measured to nearest 0.1 kg using
an electronic digital scale. Then, BMI was calculated as weight
(kg) divided by square of height in meters (kg/mz).

Waist circumference is an important measure of obesity
risk. It is measured at the level of the top of theright iliac crest.
The measuring tape should be snug but not compressing the
skin and held parallel to the floor. Its measurement is made
at normal respiration. Hip circumference was measured as
the maximum circumference over the buttocks. Then, waist-
to-hip ratio (WHR) was calculated as ratio between these two
circumferences. Anthropometric data and BMI were assessed
as centile according to sex- and age-specific reference range
using charts provided by Centers for Disease Control and
Prevention [8].

Spirometry

Both forced vital capacity and forced expiratory volume
in first second (FEV1) were used as measures of ventilatory
function [9]. All subjects performed dynamic spirometry
(Jaeger, Germany). The best of three technically acceptable
values for forced expiratory volume in first second (FEV1) and
forced vital capacity (FVC) were selected. They were expressed
as percentages of predicted normal values [9].

Skin prick tests

Skin prick tests (SPTs) were performed to confirm atopic
state among asthmatics. Atopy was defined when one or more
positive skin-prick test result for common inhalant allergens
(with positive histamine prick result). It was carried out using
stainless-steeled lancets. The panel used the Taiwan Asian
panel (which was found to be the most matching panel to
Egyptians that includes: House dust Mite Farinae, Mite pterony,
Cockroach Mix, Feather Mix, Dogs’ and Cats’ dander, Candida,
Aspergillus, Cladosporium, Penicillium,Alternaria, Grass Mix,
Bremuda Grass, Wheat, Cod fish, Pork, Beef, Egg, Whole, Egg
Yolk, Milk, Yeast Brewer, Soybean, Peanut, Vegetable Mix, Rag
wd Mix II, Pine Mix, Cotton wd, Mulberry Mi, Pigweed Mix,
Corn, Crab, Shellfish Mix, Shrimp, and Eucalyptus) [10,11].
Histamine solution (10 mg/ml) and glycerinated saline were
used as positive and negative controls. SPTs were considered
positive if there was a wheal of 3 mm in diameter or larger-

Serum tryptase sssay

Five ml of venous blood were withdrawn and we used serum
separator tube and samples were allowed to clot for 30 minutes
before centrifugation for 15 minutes at approximately 1000 x g.
Sera were either assayed immediately or stored at -20°r -80°
for further assay within a week, according to manufacturer’s
instructions using commercial immunoassay kit “Tryptase-1
ELISA Kit, EIAab, Germany”.

Statistical analysis

The data were coded, entered and processed on an IBM-PC
compatible computer using SPSS software version 15 (SPSS Inc.,
Chicago, IL, USA). The level P < 0.05 was considered the cut-
off value for significance. Frequency, number and percentage
represented qualitative data whilst, mean and standard
deviation (SD) represented quantitative data. Chi-Square test

x* was used to test association variables for categorical data;
while, Unpaired (Student’s) t-test was used to assess statistical
significance of the difference between two population means.
In addition, ANOVA (Analysis Of Variance) was used to evaluate
the statistical significance of the difference between more
than two population means. Correlations between data were
analyzed using Spearman’s rank correlation test.

Results

Data of both asthmatic subgroups and healthy control
groups are shown in Table 1. Age, sex distribution did not differ
among studied groups (P >0.05). However, asthmatic children
were significantly exposed to passive smoking in comparison
to healthy controls (P<0.05). Frequency of atopic history and
positive skin prick test significantly increased among obese
asthmatic group more than non-obese asthmatics (P<0.05, OR
= 1.96, 95% CI = 1.27-3.24). Most studied children belonged
to an urban residence near to study center (Cairo, Egypt),
so residence can’t be attributed as a predisposing factor for
asthma in this study.

FEV1% of predicted mean levels were lower with statistical
significance among asthmatics when compared to healthy
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controls, and also among obese asthmatics in comparison to
non-obese asthmatics (p<0.05) (Table 1).

Serum tryptase (ST) concentrations were significantly
higher in asthmatics (n=60) than in controls (n=30) with
a mean =SD of 53.3:+13.78 ng/ml and 10.06+4.39 ng/ml
respectively. Serum tryptase levels were significantly higher in
obese asthmatics than those non-obese with a mean +SD of
71.73+19.17 ng/ml and 34.5+8.68 ng/ml respectively (P<0.05)
(Table 1). However, ST didn’t differ in both asthmatic groups
as regards sex (Table 2).

There was a negative correlation between serum tryptase
and FEV, % of predicted in asthmatics whether obese or non-
obese (Table 3). There were positive correlations between ST
and age, BMI, and waist circumference among both groups of
asthma (Table 3).

Discussion

The concomitant rises in both obesity prevalence and
asthma prevalence have led to theories on the relationship
between two diseases [12]. Obesity and asthma share common
etiologies, for example, common effects of fetal programming
or common genetics [13]. Furthermore, asthma has a higher
prevalence in overweight and obese [14]. Obesity is accompanied
by adipocyte death and accumulation of macrophages and mast
cells in expanding adipose tissues [15]. Tryptases are serine
peptidases highly abundant in granules of human and animal
mast cells [16]. Therefore, baseline serum tryptase levels are
mainly an indicator of an individual’s mast cell burden [17].

Current data of higher levels of serum tryptase obese
asthmatic group than non-obese asthmatic and its negative
correlation with FEV1 % of predicted support the speculation
that the interaction between mast cells and airway smooth
muscle plays a critical role in asthma and thus tryptase is
a mitogen for airway smooth muscle cells [18]. Tryptase-
stimulated airway smooth muscle cells can attract mast cells
through stem cell factor and TGF-B1, providing a positive
feedback mechanism that increases both smooth muscle cell
and mast cell numbers in the airways [19]. Indeed, airway
smooth muscle mass is increased in asthmatic airways [18],
and mast cell infiltration of airway smooth muscle bundles
‘mast cell myositis’ appears to be a distinguishing feature of
the asthmatic phenotype [19].

This comes in agreement with Sommerhoff and Schaschke
[20], who provided a convincing evidence that tryptase B
is not only a clinically useful marker of mast cells and their
activation but that it contributes to the pathogenesis of allergic
inflammatory disorders, most notably asthma. However serum
tryptase levels did not relate to the degree of asthma symptom
scores, PEF or FEV1 in study of Taira et al. in 2002 [21].

A BMI for age at >or=95th percentile of CDC reference
population is a specific indicator of excess adiposity for most
children and teens [22]. Central obesity has been associated
with the risk of cardiovascular and metabolic disease in
children and the most important index of central obesity is
waist circumference [23].

Our reports that atopic history is significantly higher
among obese asthmatics- whose serum tryptase levels are the
highest- disagrees with Komarow and his coworkers [24], who
failed to show a significant association between serum tryptase
and atopy. In contrast to our study, they assessed atopic state
through measuring total IgE not SPTs.

We reported that serum tryptase levels were statistically
correlated and increasing with age and BMI. Higher serum
tryptase levels among obese asthmatics when compared to
non-obese asthmatics can not only add to the fact that low-
grade inflammation and different adipokines associated with
obesity could be the pathogenesis’ mechanism linking obesity
to asthma [25], but also can link obesity to atopic asthma and
more severe grades of asthma.

Obesity might increase the number of mast cells, which
in turn would make the individual more prone to a mast cell-
dependent asthmatic response on allergen exposure [26]. A
similar finding has been reported by Lugogo and his colleagues
[27], in an elegant study categorizing obese asthmatics as a
unique phenotype based on markers of airway inflammation.

Furthermore, waist circumference -which points to visceral
obesity [23], was positively correlated with serum tryptase.

Table 1: Demographic and Clinical Data of Asthmatic Patients and Control Groups.

Obese Non-obese Control
(n=30) (n=30) (n=30)
Age in years, Mean +SD 9.53+3.08 9.90+2.77 9.20+2.77
Sex (male/female) 19/ 11 18/12 34/26
Passive smoking* 13 (43.3%) 17 (56.7%) 18 (30%)
Positive history for atopy * 24 (80%) 13 (43.3%) 0.00
Positive skin prick test * 24(80%) 13(43.3%) 0.00
FEV1 % pred., Mean +SD * 74.50 £5.04 83 +4.08 94 +6.02
BMI kg/m?, Mean +SD* 31 +41.03 18.12 +2.1 17.5+3.11
Waist circumference (cm)* 86.53+13.02 57.42+8.52 58.796.85
Waist/Hip Ratio (WHR)* 1.1+40.21 0.85+0.03 0.80+0.02

Serum tryptase (ng/ml), Mean +SD* = 71.73#19.17  34.5+8.68  10.06+4.39
FEV1% pred.: forced expiratory volume in first second percentage of the predicted
value; *P<0.05 (significant).

Table 2: Serum Tryptase in Asthmatics Groups in Relation to Gender.

[ Gow  SeumTiyptase (ng/m), Meanzs> | P |

Male Patients Female Patients
Obese Asthmatics (n=19) (n=11) 0.276%
76.82 £ 16.46 68.79 + 20.41
. (n=18) (n=12) "
Non-obese Asthmatics 3433 +9.86 34.61 +8.42 0.935

INo significant difference.

Table 3: Significant Statistical Correlations between Serum Tryptase and Other
Studied Parameters in Asthmatic Groups.
Correlations Obese group Non-obese group

. ] P | ]| P |
FEV1% Pred. -0.47 0.008* -0.36 0.048*
Age in years 0.531 0.007* 0.403 0.027*
BMI 0.42 0.025* 0.39 0.04*
Waist circumference 0.299 0.019* 0.47 0.125
(em)

BMI: body mass index, * significant (P< 0.05); r Spearman’s correlation coefficient.
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Obesity is accompanied by adipocyte death and accumulation
of macrophages and mast cells in expanding adipose tissues.
The increase in mast cells in visceral fat of obese mice [15]
and in human subcutaneous abdominal fat [2], suggests their
role in the pathogenesis of obesity and insulin resistance and
inflammatory status [2,15]. Similarly ,in an adult prospective
study examining the effect of fat distribution on asthma found
that abdominal obesity was a risk factor for incident asthma in
males and females. They concluded that metabolic syndrome
and two of its components (high waist circumference and
elevated glucose) were associated with an increased risk of
incident asthma in adults [28].

Conclusion

If mast cells play a role in both obesity and asthma,
serum tryptase, being a marker of mast cell activation, could
theoretically represent a link between them. The effectiveness
of tryptase inhibitors to ameliorate allergic inflammatory
reactions and obese-asthma phenotype is a considerable area
for pharmaceutical researches.

References

1. Wickens K, Barry D, Friezema A, Rhodius R, Bone N, et al. 2005) Fast
foods - are they a risk factor for asthma? Allergy 60: 1537-1541. Link:
https://goo.gl/kPQOAwW

2. Divoux A, Moutel S, Poitou C, Lacasa D, Veyrie N, et al. (2012) Mast
cells in human adipose tissue: link with morbid obesity, inflammatory
status, and diabetes. J Clin Endocrinol Metab 97: 1677-1685. Link:
https://goo.gl/VJD1Kv

3. Ferrer M, Nuhez-Cérdoba JM, Luquin E, Grattan CE, De la Borbolla JM, et
al. (2010) Serum total tryptase levels are increased in patients with active
chronic urticaria. Clin Exp Allergy 40: 1760-1766. Link: https://goo.gl/i8X0XW

4. Fiorucci L, Ascoli F (2004) Mast cell tryptase, a still enigmatic enzyme. Cell
Mol Life Sci 61: 1278-1295. Link: https://goo.gl/pNiD3k

5. Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM, et al. (2008) Global
strategy for asthma management and prevention: GINA executive summary.
Eur Respir J 31: 143-178. Link: https://goo.gl/70C8pK

6. Lang JE, Hossain J, Holbrook JT, Teague WG, Gold BD, et al. (2016) Gastro-
oesophageal reflux and worse asthma control in obese children: a case of
symptom misattribution? Thorax 71: 238-246. Link: https://goo.gl/30zaqu

7. Deane S, Thomson A (2006) Obesity and the pulmonologist. Arch Dis Child
91:188-191 Link: https://goo.gl/3pVksd

8. National Center for Health Statistics. Hyattsville: pediatric growth charts
provided by the CDC. Link: https://goo.gl/K5zRHm

9. Jat KR (2013) Spirometry in children. Prim Care Respir J 22: 221-229. Link:
https://goo.gl/6LVSjq

10. Morcos MM, Morcos WM, Ibrahim MA, Shaheen MA (2011) Environmental
exposure to endotoxin in rural and urban Egyptian school children
and its relation to asthma and atopy, Minerva Pediatr 63: 19-26. Link:
https://goo.gl/pVRpzu

11. Deraz TE,Kamel TB, EI-Mogy MI, Moustafa EH (2012) Serum and nasal lavage
fluid Clara cell protein decreases in children with allergic rhinitis. Int J Pediatr
Otorhinolaryngol 76: 1241-1244. Link: https://goo.gl/wcBai9

20.

21.

22.

23.

24,

25.

26.

27.

28.

. Redd SC, Mokdad AH (2002) Invited commentary: obesity and asthma-new

perspectives, research needs, and implications for control programs. Am J
Epidemiol 155: 198-202. Link: https://goo.gl/441Xr5

Perez MK, Piedimonte G (2014) METABOLIC ASTHMA: IS THERE A LINK
BETWEEN OBESITY, DIABETES AND ASTHMA? Immunol Allergy Clin North
Am 34: 777-784. Link: https://goo.gl/vAB70C

Mangini LD, Hayward MD, Dong YQ, Forman MR (2015) Household Food
Insecurity Is Associated with Childhood Asthma. J Nutr 145: 2756-2764. Link:
https://go0.gl/98IGfv

Altintas MM, Azad A, Nayer B, Contreras G, Zaias J, et al. (2011) Mast cells,
macrophages, and crown-like structures distinguish subcutaneous from
visceral fat in mice. J Lipid Res 52: 480-488. Link: https://goo.gl/XstoB3

. Ribatti D, Ranieri G. Tryptase (2015) a novel angiogenic factor stored in mast

cell granules. Exp Cell Res 332: 157-162. Link: https://goo.gl/JowjJp

. Schwartz LB, Irani AM (2000) Serum tryptase and the laboratory diagnosis

of systemic mastocytosis. Hematol Oncol Clin North Am 14: 641-657. Link:
https://goo.gl/yOCoa7

. Brown JK, Jones CA, Rooney LA, Caughey GH, Hall IP (2002) Tryptase's

potent mitogenic effects in human airway smooth muscle cells are via
nonproteolytic actions. Am J Physiol Lung Cell Mol Physiol 282: L197-206.
Link: https://goo.gl/33LCZc

. Berger P, Girodet PO, Manuel Tunon-de-Lara J (2005) Mast cell

myositis: a new feature of allergic asthma? Allergy 60: 1238-1240. Link:
https://goo.gl/vi4tSh

Sommerhoff CP, Schaschke N (2007) Mast cell tryptase beta as a target in
allergic inflammation: an evolving story. Curr Pharm Des 13: 313-332. Link:
https://goo.gl/tsDpn8

Taira M, Tamaoki J, Kondo M, Kawatani K, Nagai A (2002) Serum B12 tryptase
level as a marker of allergic airway inflammation in asthma. J Asthma 39:
315-322. Link: https://goo.gl/HYTr3r

Freedman DS, Sherry B (2009) The validity of BMI as an indicator of
body fatness and risk among children. Pediatrics 124: S23-34. Link:
https://goo.gl/12yY9G

Hobkirk JP, King RF, Gately P, Pemberton P, Smith A, et al. (2013) The
predictive ability of triglycerides and waist (hypertriglyceridemic waist) in
assessing metabolic triad change in obese children and adolescents. Metab
Syndr Relat Disord 11: 336-342. Link: https://goo.gl/siQ5Fe

Komarow HD, Hu Z, Brittain E, Uzzaman A, Gaskins D, et al. (2009) Serum
tryptase levels in atopic and nonatopic children. J Allergy Clin Immunol 124:
845-848. Link: https://goo.gl/2DAriX

Hersoug LG, Linneberg A (2007) The link between the epidemics of obesity
and allergic diseases: does obesity induce decreased immune tolerance?
Allergy 62: 1205-1213. Link: https://goo.gl/JJLzpR

Reuter S, Taube C (2008) Mast cells and the development of allergic airway
disease. J Occup Med Toxicol 3: S2. Link: https://goo.gl/z2a3rG

Lugogo NL, Hollingsworth JW, Howell DL, Que LG, Francisco D, et al. (2012)
Alveolar macrophages from overweight/obese subjects with asthma
demonstrate a proinflammatory phenotype. Am J Respir Crit Care Med 186:
404-411. Link: https://goo.gl/oE2ep2

Brumpton BM, Camargo CA Jr, Romundstad PR, Langhammer A, Chen Y, et
al. (2013) Metabolic syndrome and incidence of asthma in adults: the HUNT
study. Eur Respir J 42: 1495-1502. Link: https://goo.gl/cc40tn

Copyright: © 2017 Gawad TA, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

Citation: Abdel Gawad TA, Kamel TB, Abd Al-Aziz MM, Abou-Sekin TA, Ramzy MF (2017) Is Serum Tryptase a Valuable Marker for Obesity-Bronchial Asthma

Interrelationship in Children? Open J Asthma 1(1): 017-020.



	Is Serum Tryptase a Valuable Markerfor Obesity-Bronchial AsthmaInterrelationship in Children?
	Abstract
	Introduction
	Aim of the Study
	Methods
	Results
	Discussion
	Table 1
	Table 2
	Table 3
	Conclusion
	References

