
 

 

 University of Groningen

Genetic and Environmental Determinants of Respiratory Health
Zeng, Xiang

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Zeng, X. (2016). Genetic and Environmental Determinants of Respiratory Health. [Thesis fully internal
(DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/6305763f-6716-4354-be8b-8f6513e6d8dd


9

CHAPTER 1

General Introduction

Xiang Zeng
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GENERAL INTRODUCTION

Respiratory symptoms

Cough, dyspnea, phlegm, and wheeze are common respiratory
symptoms, which have been regarded as important markers of the risk of
having or developing respiratory disease and are associated with
accelerated lung function decline (1-3), impaired quality of life (4, 5),
hospitalization (4, 5), asthma (6, 7), COPD (3, 8), and even mortality
(9-12). The prevalence of respiratory symptoms ranged from 3% to 32%
among children and from 1% to 35% among adults in the European
Community Respiratory Health Study (ECRHS) and the prevalence of
respiratory symptoms is still increasing (13, 14). Although respiratory
symptoms can occur in individuals of all ages, the risk of suffering from
respiratory symptoms increases with age (15). In children, the prevalence
of respiratory symptoms (16-19) and asthma (20) is higher in boys than in
girls, while in adults females have a higher prevalence (16-19). In
addition, respiratory symptoms are associated with lower lung function
independent of respiratory diseases (21).

Common respiratory symptoms

The most common respiratory symptoms are cough, dyspnea, phlegm
and wheeze.

Cough

Cough is a sudden and often repetitively occurring reflex action of the
respiratory tract that is used to clear secretions such as mucus, irritants,
foreign particles and microbes in the upper airways (22). A respiratory
tract infection is the most common cause of acute cough. Chronic cough,
can be triggered by smoking, air pollution and occupational exposures,
and is a common symptom of several chronic respiratory conditions such
as asthma, chronic obstructive pulmonary disease (COPD), and lung
cancer (23), but is also present in non-respiratory conditions such as
heart failure (24).
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Dyspnea

According to the American Thoracic Society definition, dyspnea is a
subjective experience of breathing discomfort that consists of qualitatively
distinct sensations that vary in intensity (25). Other definitions describe
dyspnea as “difficulty in breathing”, “uncomfortable awareness of
breathing” and “shortness of breath” (26). Healthy subjects can
experience dyspnea in specific situations, e.g. at high altitude, after
breath holding, during stressful situations and during strenuous exercise
(27). Dyspnea is considered pathologic and a symptom of a disease if it
occurs at rest or walking at own pace (28). It is worth to mention that
dyspnea is a common symptom not only in patients with lung and heart
diseases, but it is also fairly prevalent among elderly individuals without
apparent pre-existing disease (10, 28). Obesity is an important risk factor
for dyspnea (29).

Phlegm

Phlegm is a secretion produced by the mucous membranes of the
respiratory tract (throat or larynx) during disease and inflammation. It
mainly consists of mucus with bacteria, debris, small inhaled particles,
inflammatory cells and necrotic epithelial cells (30). Phlegm becomes
more excessive during bacterial or viral infections such as acute
bronchitis, influenza, cold, and pneumonia (30, 31). Smoking is the most
important environmental risk factor for phlegm (32).

Wheeze

Wheeze is a continuous and high-pitched whistling sound produced in the
respiratory airways during breathing (33). It is caused by narrowed
airways and/or inflammation. The most common cause of recurrent
wheezing is asthma. However, there are many other potential causes for
wheezing which may also be an indication of COPD, emphysema, sleep
apnea, heart failure and lung cancer (34). Both smoking and BMI can
contribute to wheeze (32).
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Lung function

The level of lung function is age-, height- and sex dependent. Lung
function increases during lung development and growth in neonate and
during childhood. The peak period is approximately between 20 and 30
years of age. After the age of 30, lung function starts to decline as part of
the normal aging process. Abnormally accelerated decline of lung
function is seen in respiratory diseases and may occur at several stages
of life (35, 36).

Figure 1. Level of lung function and symptoms during the life-span
(adapted from Brusselle, 2009) (37).

Environmental risk factors for respiratory symptoms and level of
lung function

Respiratory symptoms are common and complex physiological
phenomena with various possible causes. The most important
environmental risk factors of respiratory symptoms are cigarette smoking
(38, 39), air pollution (40-42), and occupational exposures (43-45).
Environmental tobacco smoke exposure induces inflammation and
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oxidative stress in the lungs and has been associated with reduced levels
of lung function at birth and in adulthood, as well as respiratory symptoms
(46, 47). Apart from smoking, exposure to air pollution (a mixture of
hundreds of pollutants originating from industry, traffic, heating and other
sources) has been shown to lead to increased respiratory symptoms. Air
pollution is therefore considered to be another environmental risk factor
for respiratory symptoms (40, 48). Occupational exposures such as
organic and inorganic dusts, chemical agents and fumes are associated
with respiratory symptoms (49, 50). However, not all individuals with
exposure to smoke, air pollution or occupational exposures develop
respiratory symptoms, suggesting that there is individual difference in
susceptibility to exposure to these environmental risk factors (40, 45).
These individual differences may originate from genetic variation between
individuals.

Introduction to genetics

The human genome consists of deoxyribonucleic acid (DNA) that is
usually a double-helix and has two strands running in opposite directions.
Each strand is made up of nucleotides composed of a backbone with a
sugar molecule (deoxyribose), a phosphate group and a base (51). There
are four different types of bases; adenine (A), thymine (T), cytosine (C)
and guanine (G). In the double-strand DNA, A always pairs with T (A-T)
and G always pairs with C (G-C). The A-T base-pair has 2 hydrogen
bonds and the G-C base-pair has 3 hydrogen bonds. Although more than
99% of all DNA is similar between individuals, certain base-pairs differ.
These differences are called single nucleotide polymorphisms (SNPs)
(Figure 2). Although there are millions of SNPs in human genome, only a
minority of these variants is functional. Functional SNPs may alter gene
expression (eQTL), protein structure or splice variants (52).
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Figure 2. Single nucleotide polymorphism (SNP), a single base pair
difference between individuals.

Genetic research designs

Candidate gene approaches have been used to investigate the
association of SNPs in one gene or a few genes with the outcome of
interest (53, 54). The selection of candidate genes is based on a-priori
known biological function and is hypothesis driven. In contrast,
genome-wide association (GWA) studies are hypothesis-free approaches
testing hundreds of thousands genetic markers across the entire genome
(55). However, most single GWA studies do not replicate consistently,
which might be caused by environmental factors that trigger the
development of symptoms or diseases only in subjects with a specific
genotype (55, 56). More recently, hypothesis free genome-wide
interaction (GWI) studies are used to identify genetic loci that affect the
susceptibility for the effects of known harmful exposures on symptoms or
diseases (57).
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Genetic studies on respiratory symptoms

To date, only a few candidate gene studies, investigating associations
between genetic variation and respiratory symptoms, have been
performed. One of the studies showed that surfactant protein A (SFTPA)
is a multifunctional protein that plays a role in protection of the lungs.
Polymorphisms within SFTPA loci were associated with respiratory
distress syndrome, wheeze and persistent cough in infants (58-60). There
was a strong association between genetic variants at 17q21 near
ORMDL3 and wheeze in children (61). Polymorphisms in IL-13 are
associated with risk of recurrent wheeze (62). Savenije et al
demonstrated that IL33-IL1RL1 pathway polymorphisms are associated
with wheezing phenotypes and asthma (63). Tsai et al showed that
polymorphisms in IL-13 were associated with increased risks of wheeze
and asthma (64). Kim et al reported that β2-adrenergic receptor
polymorphisms were associated with nocturnal cough in atopic subjects
but not atopy and bronchial hyperresponsiveness in a general population
(65). Both polymorphisms in IL-4 Receptor α (IL-4Rα) and Toll-like
receptor 4 (TLR4) were associated with work-related respiratory
symptoms in bakery workers (66, 67). Dijkstra et al was the first to
demonstrate that SNP rs6577641 was associated with chronic mucus
hypersecretion (CHM) in the first GWA analysis on respiratory symptoms
(68).

A respiratory symptom can be caused by different environmental
exposures or can be a presentation of different underlying diseases with
specific genetic or environmental origins. Susceptibility to these various
exposures may be genetically determined and susceptibility loci may
differ between exposures. The environment should thus be taken into
account when studying the association between genetics and respiratory
symptoms. So it is necessary to perform GWI studies to identify
susceptibility genes interacted with risk environmental exposures on
respiratory symptoms. As far as we know, no GWI study on respiratory
symptoms has been performed or published so far. This may be because
GWI studies are difficult to perform since both detailed phenotypic and
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genotypic information should be acquired in addition to detailed and
reliable exposure assessment (69). Cohorts for genome-wide association
studies need to be large in order to have sufficient power to overcome the
multiple testing penalty (Bonferroni corrected p-value = 0.05/number of
tests). A genome wide interaction study requires an even larger number of
subjects because subgroups of the population need to be analyzed, given
the fact that not all subjects with genetic variant will have the exposure
under study. Different strategies have been proposed to analyze the data
with maximal power.

AIM OF THE THESIS

The aim of this thesis is to assess whether environmental exposures are
associated with the level of lung function and respiratory symptoms, and
to examine whether the effects of these exposures are dependent on
genetic make-up.

STUDY POPULATIONS

In this thesis, we used three cohorts to conduct our research. The first
cohort is a sample from the general population of Chinese Han children
from Shantou, China. The other two cohorts are the LifeLines cohort
study and the Vlagtwedde-Vlaardingen cohort study. These general
population based cohorts both consist of exclusively Caucasian adult
individuals of Dutch descent.

The Chinese Han children population
The Chinese Han children population included subjects from three areas
in Shantou City, in the southeastern coast of Guangdong province, China
(Figure 3). The first investigated area is Guiyu town that is one of the
largest electronic waste (e-waste) destinations and recycling areas in the
world. Guiyu is approximately 52km2 and had a total population of
139,000 in 2009. Guiyu has received and handled 1.7 millions of tons of
e-waste from overseas and domestic sources in 2007 according to the
local government. More than 6000 small-scale family-run workshops
(nearly 60% ~ 80% of families in the town) and 160,000 workers are
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involved in the business of e-waste dismantling and recycling (70, 71).
The second research area is Haojiang district located in the 31.6 km to
the east of Guiyu. The third study area is Xiashan town located 5.8 km to
the southeast of Guiyu. Haojiang and Xiashan are used as the reference
areas without e-waste exposure. Preschool children, 3-8 years of age,
were recruited from kindergartens in Guiyu, in Haojiang, and in Xiashan.

Figure 3. The location of study areas in Shantou, China (Guiyu, Haojiang
and Xiashan).

The LifeLines cohort study
The LifeLines cohort is a large observational population based cohort
study including subjects from the Northern provinces (Groningen,
Friesland and Drenthe) of the Netherlands (Figure 4). The LifeLines
cohort study was established in 2006 and included a total number of over
167,000 individuals which will be followed for 30 years. LifeLines is
designed to investigate genes, exposures and their interactions in the
etiology of complex diseases and healthy aging (72, 73). All subjects
receive a baseline questionnaire and an invitation to a comprehensive
health assessment, including spirometry, environmental exposure data,
and presence of respiratory symptom information. Most of the work
displayed in this thesis is performed on data from the first and second
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data release of the LifeLines cohort study including approximately 13,300
unrelated adult individuals selected for genome-wide genotyping.

Figure 4. The location of study areas in the LifeLines cohort study
(Groningen, Friesland and Drenthe) depicted grey.

The Vlagtwedde-Vlaardingen cohort study
The Vlagtwedde-Vlaardingen cohort is a general population-based cohort
study including subjects from a rural area in the North-East of the
Netherlands (Vlagtwedde) and subjects from an urban area in the
South-West of the Netherlands (Vlaardingen) (Figure 5). The cohort
started in 1965 and was followed for 25 years. The medical examinations
were performed every 3 years until the last survey in 1989/1990. The
study aimed to obtain knowledge on the prevalence of chronic respiratory
symptoms and airway diseases as well as to gain deeper insight in
determinants of these symptoms and diseases. Data were collected on
endogenous factors such as age, sex, allergy and bronchial
hyper-responsiveness, and exogenous factors such as tobacco smoking
(10, 74). Genome-wide genotyping has been performed on blood
samples from a subset of subjects included in the last survey (1989/1990).
Genotypes are available for approximately 1,300 subjects.
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Figure 5. The location of study areas in the Vlagtwedde-Vlaardingen
cohort study (Vlagtwedde (a rural area) and Vlaardingen (an urban
area)).
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Outline of the thesis

In Chapter 2 we reviewed routes and adverse effects of e-waste exposure
on several health outcomes including endocrine toxicity, respiratory
system toxicity, developmental toxicity, reproduction toxicity, neurotoxicity,
and genetic toxicity.

In Chapter 3 we reviewed associations of various heavy metal exposures
with adverse effects on the health of children including respiratory system,
cardiovascular system, nervous system, immune system, reproductive
system, skeletal system and urinary system.

In Chapter 4 we assessed if living in e-waste exposed area was
associated with blood concentrations of lead and cadmium, and with level
of lung function in preschool children from China.

In Chapter 5 we performed a genome-wide association study to identify
novel genetic loci associated with respiratory symptoms cough, dyspnea
and phlegm.

In Chapter 6 we used a genome-wide interaction study to identify novel
genetic loci that affect individual susceptibility to the effects of common
occupational exposures on the respiratory symptoms cough, dyspnea
and phlegm. Secondly we assessed whether the replicated loci were
cis-acting expression quantitative trait loci (cis-eQTLs) in lung tissue.

In Chapter 7 we performed a genome-wide interaction study to identify
novel genetic loci that affect individual susceptibility to ambient nitrogen
dioxide exposure on the respiratory symptoms. Secondly we assessed
whether the identified loci were cis-acting expression quantitative trait loci
(cis-eQTLs) in lung tissue.

In Chapter 8 the results of these studies are summarized and discussed.
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