194

Angiotensin-converting enzyme gene
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Background: The gene-environment interaction in the pathogenesis of hypertension has not been
extensively studied in occupational noise.

Objectives: The aim of this study was to determine the relationship between noise and hypertension in
Egyptian workers, the interaction of angiotensin-converting enzyme (ACE) gene polymorphisms as
modifiers, and the possible relationship between noise hearing impairment and hypertension.

Methods: Study subjects were divided into two groups depending on noise exposure level. The control
group (n=161) was exposed to noise intensity <85 dB and the exposed group (n=217) was exposed to
noise intensity >85 dB. A polymerase chain reaction was used to differentiate the various genotypes of
ACE insertion/deletion (/D) and ACE G2350A.

Results: Noise significantly increased the likelihood of hypertension. Carriers of the genotypes AG, GG,
and DD were vulnerable to hypertension on noise exposure. No association between hypertension and
hearing impairment or noise-induced hearing loss (NIHL) was found.

Conclusion: Our results support the association between ACE gene polymorphisms and occurrence of

hypertension in noise-exposed workers.
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Introduction

Hypertension is an important risk factor for a variety
of cardiovascular, renal, and neurological diseases.
The average global prevalence of hypertension has
declined slightly during the past two decades; mean-
while there is an increasing trend in the middle and
low-income countries. Indeed about two-thirds of
patients with hypertension are now living in devel-
oping countries.'

Elevated blood pressure (BP) is a precursor to
excessive morbidity and premature mortality. Although
systemic hypertension is a risk factor for disease burden,
the risk is uneven, heterogeneous, and unpredictable.’
This clinical scenario, therefore, raises the possibility of
genetics in the development of hypertension and/or
related complications.

Recent progress in the development of new
techniques for locating and identifying genetic varia-
tions contributing to common diseases has created
new opportunities to advance our understanding of
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the etiology of many disorders including cardiovas-
cular diseases.’

Accordingly, various genetic hypotheses have been
proposed to explain systemic hypertension, but none
have been well investigated. Monogenic explanations
have not stood the test of evidence. Hence, hyperten-
sion may be identified as a polygenic hereditary disease
simultaneously influenced by a variety of environ-
mental factors.* Indeed, genetic factors contribute to
30-50% of causation to essential hypertension.?

The renin—angiotensin system (RAS) contributes to
electrolyte homeostasis and regulation of blood
pressure. Angiotensin-converting enzyme (ACE) is
the key enzyme of the RAS. ACE has two functions:
one is to cut the two amino acids of the C-terminal of
angiotensin I to generate angiotensin II, an octapep-
tide that is a potent vasoconstrictor. The other
function is to inactivate bradykinin. Imbalance
between forces of vasoconstriction over forces of
vasodilation elevates vascular tone and leads to
systemic elevation of blood pressure. On the basis
of this theory, ACE gene polymorphisms associated
with high (or inappropriate) levels of ACE can be
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considered as a genetic model in the development of
hypertension and its complications.’

Insertion/deletion (I/D) and G2350A polymorph-
isms of the ACE gene have been studied with reference
to cardiovascular diseases, especially hypertension.®’
An I/D dimorphism has been shown to co-segregate
with tissue and serum ACE function, and D allele is
associated with elevated ACE levels. Therefore, the
ACE gene can be considered a qualitative trait locus
(QTL) modulating ACE levels; ACE I/D dimorphism
is a reflection of linkage disequilibrium (LD) with
variants located in the ACE gene, implicated in
cardiovascular diseases.”

Among the 13 polymorphisms of the ACE gene
recently reported, a dimorphism in exon 17, ACE
G2350A, has the most significant effect on plasma
ACE concentrations. After adjustment for the effect
of ACE G2350A dimorphism, the I/D dimorphism
was no longer associated with ACE, indicating that it
is in LD with ACE G2350A and unlikely to be a
functional mutation.®

Despite the fact that significant positive association
of ACE gene with hypertension has been reported in
several studies, other studies have failed to identify
such association.>?!?

One possible explanation for this is that gene-
environment interactions (GEIs) have been largely
ignored in the design and analyses of genetic studies.
This has hampered the detection of significant genetic
effects operating in those exposed to one environment
and not another."?

GEIs can be defined as a joint effect of one or more
genes with one or more environmental factors that
cannot be readily explained by their separate
marginal effects.'®

Studies of GEI can be useful for investigating
biological pathways, discovering genes that act only
in particular environments or exposures that are
hazardous only to genetically susceptible individuals,
setting environmental safety standards, understand-
ing heterogeneity in genetic associations across
populations, and predicting individual risk and
changes that might result from changes in modifiable
risk factors.'

Noise, a psychosocial environmental stressor,
disturbs and interferes with many activities including
concentration, communication, relaxation, and sleep.
High-frequency hearing loss may be associated with
occupational noise exposure. A single traumatic
exposure to loud sound, such as a gunshot or
fireworks, or prolonged and/or repeated exposure to
excessive sound over the acceptable daily exposure
(85 dBA for 8 hours, a guideline set by the National
Institute for Occupational Safety and Health) can
cause sensorineural damage to the cochlea. This
damage can lead to immediate hearing loss (impulse
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noise) or chronic progressive noise-induced hearing
loss (NIHL)."

Audiometric notch at 3, 4, or 6 kHz with recovery
at 8 kHz is a sign of NIHL. Several studies suggest
that elevated blood pressure may be associated with
exposure to noise as one of the non-auditory
effects.'®!” Noise may cause hypertension by activat-
ing the hypothalamic—pituitary—adrenal and sympa-
thetic nervous systems and thus causing elevated
levels of adrenaline, noradrenaline, and cortisol.'®2°
NIHL was used as a biological marker for noise
exposure to investigate the risk of hypertension.?!

ACE GEIs have been investigated in several
studies, including common anthropometrical factors
with essential hypertension in an isolated community
in the Amazon region in Brazil; outdoor temperature-
related blood pressure modulation responses in
Korea; and classic cardiovascular risk factors;
diabetes mellitus, obesity, smoking, dyslipidemia,
and family history in Poland.**>*

GEI in the pathogenesis of hypertension has not
been extensively studied in occupational exposure to
noise. Genetic polymorphisms in angiotensin convert-
ing enzyme and noise exposure are well-established
risk factors for the development of hypertension.
However, little is known about a potential interaction
between these factors. Accordingly, we conducted this
study; our first aim was to assess the relationship
between occupational noise exposure and hyperten-
sion in a group of male Egyptian workers. The second
aim was to assess ACE I/D and G2350A gene
polymorphisms and their relation with hypertension
and the possible gene—environment (noise) interaction.
Finally, we aimed to investigate the possible relation-
ship between noise induced hearing impairment and
risk of hypertension. This study adds to existing
literature by further exploring the possible GEI in the
pathogenesis of hypertension.

Methods
Subjects

A total of 378 male workers participated in this case
control study, 217 subjects as exposed group and 161
subjects as their referent control. Participants were
divided into two groups depending on their exposure
to noise intensity at their work sites; the control
group was exposed to sound intensity <85 dB and
the exposed group exposed to sound intensity
>85 dB. Exposed workers were production-line
workers from two companies in the Helwan indus-
trial area in Southern Cairo, Egypt. One company
was a forging company that produces steel forging
for feeding multiple industries including: automotive,
cement, and sugar. The second company was a major
spinning and weaving company. All eligible employ-
ees were invited to participate in the study. Eligibility
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criteria for exposed workers included being exposed
to the specific sound level for approximately 8 hours
per day for the preceding 5 years and having no other
previous work history. A total of 217 workers met the
inclusion criteria (113 from the forging company and
104 from the spinning and weaving company). The
control group was comprised of 161 individuals
employed as security personnel and administrative
workers. They were matched to the exposed group by
age, sex, educational level, smoking status, and body
mass index.

Exclusion criteria for both the exposed and control
groups were: any history of alcohol consumption,
diabetes, chronic bacterial or viral infection, kidney
diseases, and/or the prolonged intake of medications
that can affect blood pressure such as corticosteroids
or diuretics. To avoid interference from non-occupa-
tional exposures, workers were excluded if they had a
previous diagnosis of hypertension before their
employment in the factories.

Ethical consideration

All subjects were treated according to the Helsinki
Declaration of Biomedical FEthics and provided
informed consent before participating in the study.?

Methods

Noise exposure level assessment

Obtaining a reliable assessment of noise in occupa-
tional settings can be challenging due to several
factors, including the temporal and spatial variability
of noise levels, the specific acoustic characteristics of
the noise sources, the variability of exposure times,
and the need to limit the number, and duration of
noise measurements due to the inherent costs and
production interference, as well as the type of
equipment and procedures used in the measurement.”®
Accordingly, Fernandez et al. suggested procedures to
reduce measurement uncertainty, including the simul-
taneous use of dosimeters and sound level meters, the
correct selection of the measurement period, and
workers’ observation during measurements.?’

In this study, environmental noise exposure was
measured using a sound analyzer (TES-1358; TES
Electronic Corp., Taipei, Taiwan) that measures 1-
second to 24-hour continuous equivalent sound levels
(Leq) in the range of 30-130 dBA as well as time-
weighted-average noise levels. This equipment was
calibrated with a sound-level calibrator (TES-1356;
TES Electronic Corp.) before environmental mon-
itoring. The measurements were collected by indus-
trial hygienists (from the spinning and the forging
factories) at 20 locations inside and around each
factory using short-term environmental sampling
(Task-Based Measurement). For fixed workstation
and predictable work patterns, the Task-Based
Measurement strategy seems to present lower values,
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both for uncertainty and for time spent per worker.
For all the measurements, the basic measurement
quantity considered was the Lp,A,eqT, which is the
equivalent continuous A-weighted sound pressure
level for a given period of time (7) over which the
average is taken, and the corresponding LEX,8h,
which represents the noise exposure level normalized
to a nominal 8-hour work day.

Locations were selected to be representative of the
workers’ tasks. The measurements were performed
biweekly for two consecutive weeks. We examined
the environmental monitoring records and found that
noise levels did not differ significantly over the
preceding 5 years in either factory.

In the control areas, measurements were carried
out biweekly for two consecutive weeks in 10
different locations representative of the control
workplaces.

Questionnaire

A questionnaire was administered during an in-
person interview. We investigated confounding vari-
ables considered to be possible risk factors for
hypertension. The questionnaire consisted of detailed
questions regarding self-reported illness, health and
well-being, life-style habits such as smoking, alcohol
consumption, physical exercise, and diet, medica-
tions, occupation, and work environment. Body mass
index (BMI) was calculated as body weight (kg)/
height (m?).

Blood pressure

Systolic and diastolic blood pressures (SBP and DBP)
were measured on interview day, in the middle and at
the end of each worker’s shift. A trained nurse took
blood pressures using mercury sphygmomanometer.
For statistical analysis, the two measurements for
SBP and DBP were averaged. According to interna-
tional guidelines, subjects were considered hypertonic
if the mean measurement for SBP was equal to or
higher than 140 or DBP was equal to or higher than
90 mmHg.?

Pure tone audiometry

Pure tone air conduction thresholds at 0.5, 1, 2, 3, 4,
6, and 8 kHz were measured using an interacoustics
AC40 audiometer with TDH39 headphones. Pure-
tone measurements were all performed in a sound-
isolated booth. Both ears were tested. All audiometric
thresholds were assessed with adequate masking and
were expressed in dB hearing loss (HL), according to
the standards of diagnostic audiometry. Mean hear-
ing thresholds at 0.5, 1, 2, and 4 kHz were calculated
for each subject and the mean level of the better ear
was taken as the mean hearing threshold. Presence of
a notch at 4 or 6 kHz in the audiogram was an
indicator of noise-induced hearing loss. Mean hearing
thresholds were divided into mild, moderate, and
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Figure 1 G2350A genotypes. Lane (L): 50-bp ladder; lanes 1
and 2: AA genotype; lanes 3 and 4: GA genotype; and lane 5:
GG genotype.

severe hearing impairment according to established
WHO guidelines.?®

(Average of 0.5, 1, 2, and 4 kHz in the better ear)

0 (no impairment) =25 dB HL

1 (slight) 26-40 dB HL

2 (moderate) 41-60 dB HL

3 (severe) 61-80 dB HL

4 (profound) >81 dB HL

Genetic analysis

Blood was collected in 5 ml Na—EDTA tubes and kept
frozen at —20°C. DNA was extracted using commer-
cial kit supplied by Thermo-Scientific (http://
www.thermoscientificbio.com/fermentas, USA) and
stored at —20°C until the time of amplification. The
extracted DNA was then amplified using Taq poly-
merase enzyme and Hybaid thermal cycler (Promega
Corporation, Fitchburg, WI, USA). For ACE
G2350A gene, the PCR primers used were as follows:
F 5-CTGACGAATGTGATGGCCGC-3" and R 5'-
TTGATGAGTTCCACGTATTTCG-3'. The compu-
terized thermocycler was programmed for the follow-
ing conditions: initial denaturation at 95°C for
5 minutes, PCR was carried out for 35 cycles, each
one comprised of denaturation at 94°C for 30 seconds,
annealing at 58°C for 30 seconds, and extension at
72°C for 30 seconds, with a final extension time of
10 minutes at 72°C. The PCR products were digested
with 5 U of fast digest BstU1 (supplied by Thermo-
Scientific) at 60°C for 2 hours. Digested fragments
were separated by electrophoresis on 3.5% agarose gel
and identified by ethidium bromide staining using
ultraviolet trans-illumination. Allele G2350 was visua-
lized as a 122-bp fragment and allele A2350 as 100-bp
and 22-bp fragments and GA genotype appear as 122—
100 and 22 bp? (Fig. 1).

For ACE I/D, the PCR primers used were as
follows: sense oligo 5-CTGGAGACCACTCCC
ATCCTTTCT-3" and anti-sense oligo: 5'-GATGTG
GCCATCACATTCGTCAGAT-3'. The computer-
ized thermocycler was programmed for the following
conditions: initial denaturation at 94°C for 3 minutes.
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Figure 2 ACE genotypes. Lane (L): 50-bp ladder; lanes 2, 4,
and 6: ID genotype; lanes 1, 3, and 5: DD genotype.

This was followed by 30 cycles of denaturation at 94°C
for 1 minute, annealing at 58°C for 1 minute, and
extension at 72°C for 1 minute with a final extension at
72°C for 5 minutes. The PCR product was a 190-bp
fragment (DD) in the absence of the insertion and a
490-bp fragment (I1) in the presence of the insertion. A
third fragment (ID) with an intermediate molecular
weight (490, 190 bp) was present in PCR from
heterozygotes. The products were visualized with
ethidium bromide after electrophoresis on 3% agarose
gel® (Fig. 2).

Statistical analysis

Data were analyzed using SPSS 15.0 for Windows
(SPSS Inc., Chicago, 1L, USA; 2006). Demographic
data from the two groups were compared using two
tailed Student’s #-test and Chi-square test as appro-
priate. Hardy—Weinberg equilibrium was assessed
using the Chi-square test for the total exposed and
control groups and for each individual subgroup
(hypertensive and normotensive subgroups). The
relationships between hypertension and various geno-
types in the studied populations were examined using
odds ratios (ORs) and 95% confidence intervals (ClIs).
Effect of noise was assessed in different genotypes
carriers through the calculation of ORs considering
the control group as the reference. Multivariate
analysis of variance was performed to determine if
the response variables (systolic and diastolic blood
pressures), were altered by the independent variable
(exposure to noise). Multivariate analysis of covar-
iance was performed with age and BMI as possible
covariates, to show their effects on blood pressure as
confounders. However, before the multivariate analy-
sis, we studied the linear correlation (Pearson’s
correlation) between age and BMI and the indepen-
dent variables (SBP and DBP). To consider variables
as possible covariates, there must be at least a
reasonable correlation between the dependent vari-
ables and the possible covariates (age and BMI), with a
correlation coefficient between r=0.3 and 0.9.
Moreover, the correlation cannot differ between the
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independent variables groups. This was measured
through an examination of variance covariance
matrices via Box’s M test (highly significant outcome,
where P<<0.001, should be avoided). Pearson correla-
tion analysis was performed to test for linear relations
between BP and duration of employment.

The type of GEI was studied under the conditions
of no interaction, synergistic interaction, and antag-
onistic interaction, for the additive and multiplicative
scales, respectively. If the effects of two variables
meet the condition of “no interaction on a multi-
plicative scale,” the data can be said to fit a
“multiplicative model,” and if their effects meet the
condition of “no interaction on an additive scale,”
the data can be said to fit an ‘“‘additive model.”
Disease risk for each of the four combinations of
genotype and environmental risk factor is denoted by
r11 (for exposed persons with the risk genotype), r10
(for those with the exposure alone), r01 (for those
with the genotype alone), and r00 (for those with
neither).>! If risks are measured on an additive scale,
the effect of an environmental exposure differs
among persons with different genotypes (i.e. interac-
tion on an additive scale) when r11—r01#r10-00. If
risks are measured on a multiplicative scale, the effect
of an environmental exposure differs among persons
with different genotypes (i.e. interaction on a multi-
plicative scale) when r11/r017r10/r00.

Test for the presence/absence of interaction in an
additive model
Expected incidence (/) of A and B=Attributable risk of A
alone + attributable risk of B alone + baseline=Incidence
of A alone+incidence of B alone-baseline
No interaction: /11-101=710-100
Synergistic interaction: 711-701>710-100
Antagonistic interaction: 711-/01</10-100

Test for the presence/absence of interaction in a
multiplicative model
Expected relative risk (RR) for A+B=RR for A
only x RR for B only

No interaction: RR11=RR10 x RRO1

Synergistic interaction: RR11>RR10 x RR01

Antagonistic interaction: RR11<RR10 x RRO1

Binary logistic regression models using presence or
absence of hypertension in the exposed workers as the
dependent variable and several factors age, BMI,
genotypes, smoking, and NIHL as the independent
variables were performed. The relative risk was
represented by ORs (or exp (B)) and 95% CIs. A P
value less than 0.05 was considered statistically
significant.

Results

Demographic data of the study population are
presented in Table 1. The exposed and control
workers were matched in age, BMI, duration of
employment, and smoking history. The prevalence of
hypertension was significantly higher in the noise-
exposed group (72/217, 33.2%) compared to the
control group (27/161, 16.8%) (P<<0.001). More than
three quarters of the exposed workers had NIHL
(168/217, 77.4%). Mean threshold of hearing in the
exposed workers at frequencies 0.5, 1, 2, and 4 KHz
(in the better ear) was 43.3+16.91, which was
significantly higher than in the control group
(P<0.001).

Pearson’s correlation between duration of employ-
ment and SBP and DPB in the exposed workers
(Figs. 3 and 4) showed a highly significant positive
correlation (r=0.276 and 0.261, respectively,
P<0.001).

To explore the confounding effect of age and BMI
on blood pressure in the studied groups, multivariate

Table 1 Characteristics of the study population

Exposed (n=217) Control (n=161) pP**
Age (mean+SD) 44.9+9.58 45.3+8.45 0.673"
Height, cm (mean 4+ SD) 173.5+5.19 174.1+2.53 0.18"
Weight, kg (mean+SD) 80.4+3.04 80.8+2.82 0.22f
BMI, kg/m?* (mean +SD) 26.8+1.87 26.9+1.23 0.56"
Duration of work (mean+ SD) 22.3+9.86 24.44+6.30 0.012f
Smoking Index* (mean+SD) 17.6 +£16.31 18.24+11.67 0.6917
Smoking (%) 84 (38.7%) 51 (32%) 0.193'"
Systolic blood pressure (mean+SD) 129.16 + 15.02 120.5+11.89 0.0017
Diastolic blood pressure (mean +SD) 83.3 + 10.78 78.7+7.93 0.0017
Hypertension, % (>140/90) 72 (33.2%) 27 (16.8%) 0.0017*
Hearing threshold (dB) (mean+SD) 43.34+16.91 19.74+6.33 0.0017
NIHL (%)T 168 (77.4%)
Note: "Two-tailed Student’s t-test.
TChi-square test.
**Statistical significance at P<0.05.
*Smoking Index=no. of packs per day x years of smoking.
NIHL: noise-induced hearing loss.
*BMI: body mass index.
International Journal of Occupational and Environmental Health 2014 voL. 20 NO. 3
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Figure 3 Correlation between duration of employment in the
exposed group and systolic blood pressure.

analysis of variance was applied prior to covariate
inclusion. A highly significant elevation of blood
pressure was reported in the exposed workers
compared to their referent controls (lambda=0.914,
F(2,375)=17.738, P<0.001). This was confirmed
across SBP and DBP (P<0.001, F(1,376)=35.56
and 20.951, respectively). Power to detect the effects
was 1.000. Before inclusion in a multivariate analysis
of covariance to test the effect of age and BMI as
possible covariates, Pearson’s correlation between
age and BMI (the possible covariates) with SBP and
DBP (the dependent variables) was found to be non-
significant. The correlations between age with SBP
and DBP were r=0.021, P=0.682 and r=0.005,
P=0.93, respectively. The correlations between BMI
with SBP and DBP were r=0.005, P=0.919 and
r=0.02, P=0.642, respectively. Examination of var-
iance covariance matrices via Box’s M test was highly
significant (P<<0.0001). From the above results and

Figure 4 Correlation between duration of employment in the
exposed group and diastolic blood pressure.

the fact that there was no significant difference
between age and BMI between the exposed and
control groups, we can conclude that these factors
were adjusted for and these covariates can reduce
error variance in the outcome study.

The frequency distribution of the D allele com-
pared to the I allele of the ACE I/D gene was
significantly higher in the individual groups and their
subgroups (P<<0.001) as shown in Table 2. The DD
genotype was significantly higher in the control
subjects compared to the exposed, while the ID
genotype was significantly higher in the exposed
workers (P<<0.001). Regarding subgroups, the fre-
quency of the DD genotype was significantly higher
in all the subgroups; the frequency ranged from 75%
in the hypertensive exposed to 93.3% in the normo-
tensive control workers. As for the ACE G2350A
genotypes, the frequency of the G allele compared to
the A allele was higher in both groups and their

Table 2 Genetic variants of ACE ID and ACE G2350A polymorphism in the exposed and control hypertensive and

normotensive subgroups

Exposed (n=217)

Control (n=161)

Hypertension Normotensive Total Hypertension Normotensive Total
Genes/alleles (n=72) (n=145) (n=217) (n=27) (n=134) (n=161)
ACE I/D
ID 18 (25%) 26 (17.9%) 44 (20.3%)" 3 (11.1%) 9 (6.7%) 12 (7.5%)"
DD 54 (75%) 119 (82.1%) 173 (79.7%)" 24 (88.9%) 125 (93.3%) 149 (92.5%)"
[+ 0.125 0.089 0.101 0.056 0.034 0.037
D} 0.875 0.911 0.899 0.944 0.966 0.963
P value 0.001 0.001 0.001 0.001 0.001 0.001
ACE G2350A
AA 12 (16.6%) 46 (31.7%) 58 (26.7%)* 8 (29.6%) 54 (40.3%) 62 (38.5%)*
AG 20 (27.8%) 26 (17.9%) 46 (21.2%)" 1(3.7%) 14 (10.4%) 15 (9.3%)"
GG 40 (55.6%) 73 (50.3%) 113 (52.1%) 18 (66.7%) 66 (49.3%) 84 (52.2%)
Al 0.305 0.407 0.373 0.315 0.455 0.432
Gt 0.695 0.593 0.627 0.685 0.545 0.568
P value 0.001 0.002 0.001 0.014 0.177 0.019
Note: *Significance between total (P<0.05).
*Significance between total (P<0.001) (Chi-square test).
*HWE=Hardy-Weinberg equilibrium.
P value is calculated using Chi-square test in each individual group between alleles frequencies.
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subgroups, which was statistically significant in all
but the normotensive control subgroup. The homo-
zgotic genotype GG was the predominant in all
subgroups, followed by the AA genotype except in
the hypertensive subgroup exposed to noise where the
frequency of the AG genotype was 27.8%, followed
by the AA genotype (16.4%). Genotype distribution
among the hypertensive and normotensive groups
was further investigated (data not tabulated).
Regarding the ACE genotypes, only the AA and ID
genotypes were significantly related to blood pressure
in the studied workers. Subjects carrying the ID
genotype were at increased risk for hypertension
(OR=1.87, 95% CI=1.03-3.41, P<0.05), while car-
riers of the AA genotype were at a lower risk
(OR=0.45, 95% CI=0.26-0.78, P<<0.004).

We tested the type of statistical interaction between
ACE gene polymorphisms and noise on hyperten-
sion. When we assessed GEI (additive or multi-
plicative model), we used the case only design
(hypertensive subjects stratified into E4+, E— and
G+, G—) to produce four groups [E+, G+], [E-,
G+], [E+, G—], and [E-,G—].

In an additive model, a synergistic interaction was
observed between DD genotype and noise exposure.
The observed incidence of hypertension in DD
carriers exposed to noise (n=54) was greater than
the expected incidence (7=39). In the same model, an
antagonistic interaction was observed between ID,
AA, AG, and GG and noise. The observed incidence
of hypertension in these genotypes carriers was: 18,
12, 20, and 40, respectively, which was less than the
expected incidence of 33, 49, 27, and 41, respectively.

In a multiplicative model, a synergistic interaction
was observed between ID and AG genotype carriers
and noise exposure. The observed relative risk for
hypertension in ID and AG genotypes carriers
exposed to noise was 0.75 and 0.77, respectively,
which was greater than the expected relative risks of
0.28 and 0.08, respectively. In the same model, an

antagonistic interaction was observed between DD,
AA, and GG carriers and noise. The observed
relative risk of hypertension in these genotypes
carriers was 18, 0.63, and 4.4 respectively, which
was less than the expected relative risks of 48.0, 49.0,
and 7.1.

The association between ACE genes polymorph-
isms and hypertension was further investigated
(Table 3). Regarding the ACE G2350A gene, carriers
of the AG and the GG genotypes were vulnerable to
hypertension on noise exposure. AG carriers were 10
times (OR=10.7, 95% CI=1.305-88.906) more likely
and GG carriers were two times (OR=2.01, 95%
CI=1.05-3.842) more likely to have hypertension. As
for the ACE I/D gene, carriers of the DD genotype
were statistically more vulnerable to the development
of hypertension related to noise exposure (OR=2.63,
95% CI=1.37-4.066). Results without stratified
analysis for ACE genotypes indicated that noise
significantly increased the likelihood of hypertension
(OR=2.464; 95% CI=1.493-4.067).

Hearing impairment and NIHL in the exposed
workers was further investigated (Table 4). Hearing
impairment ranged from no/mild (106/217, 48.8%),
moderate (95/217, 43.8%) to severe (16/217, 7.4%).
The severe and moderate hearing impairment groups
were compared with the no/mild impairment group.
Moreover, workers exposed to higher level of noise
(forging company workers) were compared to those
exposed to lower levels (spinning and weaving
company workers). The results showed that there
was no significant difference in mean SBP, DBP, or
prevalence of hypertension. Furthermore, we found
no significant difference in occurrence of NIHL
between the hypertensive and normotensive exposed
workers (76.4% and 77.9% respectively, OR: 0.916,
95% CI=0.468-1.791). Hearing impairment in
exposed workers was not associated with hyperten-
sion and higher level of noise did not affect blood
pressure.

Table 3 Association between ACE genetic polymorphisms with hypertension and noise in the studied subjects

Genes Groups Hypertensive (99) Normotensive (279) OR, 95% CI (HT versus NT%)
ACE G2350A polymorphism AA Control 8 54 Reference
Exposed 12 46 1.761 (0.663-4.679)
GA Control 1 14 Reference
Exposed 20 26 10.70* (1.305-88.906)
GG Control 18 66 Reference
Exposed 40 73 2.01* (1.05-3.842)
ACE 1/D polymorphism ID Control 3 9 Reference
Exposed 18 26 2.077 (0.423-8.751)
DD Control 24 125 Reference
Exposed 54 119 2.363" (1.374-4.066)
Total Control 27 134 Reference
Exposed 72 145 2.464" (1.493-4.067)
Note: *Significance P<0.05.
TSignificance P<0.001.
*HT versus NT: hypertensive versus normotensive.
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Table 4 Association between hearing impairment and NIHL with hypertension in noise-exposed workers

Exposed group (n=217)

Systolic BPMean (SD) Diastolic BPMean (SD) Hypertensive (n=72) Normotensive (n=145)

Degree of Hearing impairment*

Normal/mild (n=1086) 128.16 (14.725) 83.28 (10.319) 33 (31.1%) 73 (68.9%)
Moderate (95) 131.18 (14.25) 83.45 (11.223)° 34 (35.8%)° 61 (64.2%)°
Severe (16) 123.75 (19.958)° 82.5 (11.690) 5 (31.3%)° 11 (68.7%)°
Presence of NIHL (n=168) 124.62 (12.71) 83.44 (12.23) 55 (76.4%)° 113 (77.9%)

Occupational sector
Forging company (113)
Spinning and weaving (104)

130.52 (15.227)
127.66 (14.74)°

84.12 (11.383)
82.41 (10.056)°

72 (49.7%)
73 (50.3%)

Note: ® ttest is used to compare means with the normal/mid hearing impairment group.

Pttest is used to compare means between two companies.

CChi-square test for a significant difference (P<0.05) compared with the normal/mild hearing impairment group.
d Chi-square test for a significant difference (P<0.05) hypertension with normal subjects.
*Degree of hearing impairment: normal and mild (=40 dB), moderate (41-60 dB), and severe (61-80 dB).

Risk factors for hypertension in noise-exposed
workers were studied using the stepwise binary
logistic regression analysis model presented in
Table 5. In this model, the exposed workers (divided
into hypertensive and normotensive) were the depen-
dent variable and age, BMI, smoking, NIHL, and
genotypes were the independent variables. Older age
and smoking were significantly associated with
hypertension occurrence in noise exposure. Workers
older than 45 years and smokers were two times more
vulnerable for hypertension in noise exposure
(exp (B)=2.035, 95% CI=3.841-1.078 for age and
exp (B)=2.147, 95% CI=4.151-1.110 for smoking)
(P<0.05).

The environmental assessment results for noise
showed that noise levels for the forging company
were all greater than 90dB (mean level:
92.5+2.3 dB) and for the spinning and weaving
company were all greater than 87 dB (the mean level:
89+1.7 dB) (P<0.001). The levels for the control
sites were all less than 65 dB (mean: 574+ 2.1 dB).

Discussion

Noise is a persistent environmental problem and
noise exposure is associated with a number of
negative health effects including psychosocial effects,
such as annoyance, sleep disturbance, disturbance of
daily activities and performance, and physical effects,
such as hearing loss and cardiovascular diseases
including hypertension.*? In this study, we found that
the mean levels of SBP, DBP, and the frequency of
hypertension were significantly higher in noise-
exposed workers. Carriers of the AG and GG
genotypes of the ACE G2350A gene and DD
genotype of the ACE I/D gene were more vulnerable
to hypertension on noise exposure. We found no
association between hypertension and hearing
impairment or NIHL in noise-exposed workers. The
biological mechanisms linking noise to hypertension
is thought to be mediated through sympathetic and
endocrine stress responses with subsequent acute
changes in vascular tension. The hypothesis is that
chronic and repetitive noise stimuli modify these

Table 5 Risk factors for hypertension in noise-exposed workers using binary logistic regression analysis

95% confidence interval

Bt Standard error  Wald'®  Significance = Exp (B)** Upper Lower
NIHL —0.303 0.383 0.628 0.428 0.738 1.563 0.349
BMI (1) —0.053 0.328 0.026 0.872 0.949 1.804 0.499
Age (1) 0.710 0.324 4.804 0.02* 2.035 3.841 1.078
Smoking (1) 0.764 0.337 5.153 0.02* 2.147 4.151 1.110
AG (1) 0.961 0.456 4.440 0.03* 2.613 1.069 6.386
GG (1) 0.709 0.396 3.209 0.07 2.031 0.935 4.410
DD (1) 0.268 0.366 0.537 0.46 1.308 0.638 2.682

Note: Chi-square=16.023, sig=0.025.

Overall percentage for prediction=70%.

—2 log likelihood=259.760.

The dependent variable in the model was noise-exposed workers coded as hypertensive (1) and normotensive (0). The independent
variables were NIHL yes (1) and no (0), smoking yes (1) and no (0), age >45 (1) and <45 (0), BMI >27 (1) and <27 (0), AG yes (1)
and no (0), GG yes (1) and no (0) (AA is the reference genotype), and DD yes (1) and no (0).

*Significance P<0.05.

**Exp (B): exponentiation of the B coefficient.

B: the coefficient for the constant.

TWald: Wald Chi-square test.
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otherwise normal responses to a permanent upward
resetting of baroreceptors leading to hypertension.*?
Indeed, low-frequency noise-induced annoyance
may produce hypertension by causing emotional
responses that interfere with work performance in
jobs requiring selective attention or processing of
high load of information.'®2°

Several epidemiological studies have shown an
association between occupational and environmental
noise exposure and hypertension.?'** van Kempen and
co-workers conducted a meta-analysis of 43 epidemio-
logic studies published between 1970 and 1999 that
investigated the relation between occupational and
community noise exposure and blood pressure and/or
ischemic heart disease. They studied a wide range of
effects, from blood pressure changes to myocardial
infarction. They found a significant association for both
occupational and traffic noise exposure and hyperten-
sion, estimating relative risks per 5 dB (A) noise
increase of 1.14 (95% CI: 1.01-1.29) and 1.26 (95%
CI: 1.14-1.39) respectively.*

Another meta-analysis including articles published
between 1950 and 2000, divided 18 658 workers into
three groups by noise exposure. The authors found a
statistically significant increase in the prevalence of
hypertension and ECG abnormalities in high noise-
exposed workers.>”

In this study, we investigated the risk factors
associated with hypertension in exposed workers using
binary logistic regression. Smokers and older workers
exposed to noise have doubled the risk for hyperten-
sion. Although cigarette smoking is a strong risk factor
for cardiovascular diseases, its relationship with
hypertension remains unclear and indeed abstinence
from smoking is not included in current clinical
guidelines for the prevention of hypertension.*®
Cigarette smoking causes sympathetic activation,
oxidative stress, and acute vasopressor effects that
are associated with increases in markers of inflamma-
tion linked with hypertension.’’ A recent population-
based study of middle-aged men reported that current
cigarette smoking was independently associated with
an elevated risk of developing hypertension.*®
However, other studies have reported lower BP among
smokers and increases in BP after smoking cessa-
tion.*** As a result, it remains unclear to what extent
cigarette smoking is a risk factor for the development
of hypertension. As regards the relation of age with
hypertension, observational studies have shown a
concomitant increase in SBP, DBP, and pulse pressure
with increased age until middle adult life. Beyond
approximately 60 years, SBP continues to increase,
but DBP plateaus or declines gradually, leading to an
accelerated rise in pulse pressure.*!

It has been estimated that approximately 30% of
the inter-individual variability in blood pressure is
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genetically determined. Special attention has been
given to the role of genetic variation in genes
implicated in the RAS, particularly the ACE gene.
ACE is a key enzyme in the renin—angiotensin—
aldosterone and kalikrein—kinin systems, playing a
crucial role in blood pressure regulation and electro-
lyte balance.** It has been demonstrated that the
ACE gene is responsible for 47% of the variance of
plasma ACE activity. The ACE gene can contain
polymorphisms consisting of either the insertion (I)
or deletion (D) of a 287-bp sequence inside intron 16.
Notably, the D allele and the DD genotype are
associated with elevated levels of ACE and a higher
risk of adverse cardiovascular events and end-organ
damage. The correlation between the DD genotype
and increased propensity for the development of
hypertension can be attributed to elevated angioten-
sin II conversion, suggesting that in these homo-
zygotes, the elevated ACE levels modulate RAS
function.*® In addition to association with hyperten-
sion, ACE gene polymorphisms independently modu-
lated age related increases in pulse pressure with a
significantly higher slope of age-PP and age-systolic
blood pressure relationships for DD rather than
other genotypes.**

GEI can obscure both environmental effects that
may be evident only in genetically susceptible persons
and genetic effects that may be evident only in those
with appropriate exposure histories. Thus, study of
GEI is important for improving accuracy and
precision in the assessment of both genetic and
environmental influences.'*

Understanding the mechanisms that underlie GEIs
is a formidable challenge. It is difficult enough to
characterize the impact of polymorphisms on gene
expression and function under static conditions (i.e.
within a constant environment); it is considerably
more challenging to elucidate the dynamic intertwin-
ing of polymorphic variation and environmental
stimuli. This may explain why little has been
published about the mechanisms of GElIs, and no
major findings have been reported about the relation-
ship between hypertension with noise. Nonetheless,
there is consensus that epigenetic mechanisms could
explain the interplay between genes and the environ-
ment. The dynamic nature of this interplay is a quasi-
perfect fit for the plasticity of epigenetic processes,
which can be seen as the functional transducers of
environmental cues.!> Stable epigenetic alterations
can arise during cell development and proliferation,
making it possible for the cells of multicellular
organisms to be genetically identical but structurally
and functionally heterogeneous.*> Modifications in
gene expression in response to environmental and/or
developmental cues can result from modifications of
DNA (e.g. by methylation) or from proteins that
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intimately associate with DNA (e.g. acetylation,
methylation, or phosphorylation of histones).*®

Several research groups have already reported the
increased likelihood of hypertension due to noise
exposure. However, to our knowledge, little research
has studied the confounding effects of ACE gene
polymorphisms on the association between noise and
hypertension. It was observed that different allele
carriers of the ACE I/D and ACE G2350A gene
polymorphisms have different chances of hyperten-
sion on exposure to noise.

We observed an overall higher prevalence of the
DD genotype and D allele in the exposed and control
and hypertensive subgroups (P<
0.001). Subjects carrying the ID genotype were at a
significantly  increased risk for  hypertension
(OR=1.87, 95% CI=1.03-3.41, P<0.05, data not
tabulated), on the other hand carriers of the DD
genotype were highly vulnerable to the development
of hypertension on noise exposure (OR=2.63, 95%
CI=1.37-4.066). Nawaz and Hasnain found that
both ID and DD carriers were at increased risk of
hypertension with noise exposure [OR=2.844 (1.32-
6.110) and 4.487 (1.549-12.99), respectively].*’
Badaruddoza and co-workers investigated the ACE
gene polymorphisms and the susceptibility to hyper-
tension among the Bania population in Punjab,
India.’ It was observed that the ACE DD genotype
was significantly higher in hypertensive subjects,
whereas ID genotype was significantly higher in
control subjects. Comparative results were found in
several other studies.'!*3* Discordantly, the same
polymorphisms did not affect blood pressure in a
population living in the Western Black Sea region of
Turkey or a Pakistani population.***° Such varia-
tions of genotype frequencies across communities
might be related to genetic drift.

The ACE gene is viewed as a QTL that modulates
circulating ACE levels, and the ACE I/D dimorphism
is a marker thought to be in LD with functional
variants located in the ACE gene.”!

The results of a combined segregation-linkage
analysis in French families suggested that the I/D
dimorphism was in strong LD with an unmeasured
functional mutation of the ACE gene.’! This muta-
tion appeared to be frequent and explained the major
part of the genetic variance of plasma ACE. A similar
study performed in African Caribbean families
confirmed the existence of an ACE-linked QTL
influencing ACE levels, but also revealed a weaker
LD between this QTL and the I/D dimorphism and
suggested the existence of a second QTL unlinked to
ACE.”

This instigated a search for new polymorphisms in
the ACE gene to identify better markers or actual
functional variants. Accumulated evidence points to

normotensive
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the existence of two QTLs at this chromosomal locus.
A genome-scan analysis by the Framingham Heart
Study found strong evidence for a QTL on chromo-
some 17, located close to the ACE gene and linked to
blood pressure.”® A polymorphism in exon 17, ACE
G2350A, has a significant effect on plasma ACE
concentrations as it accounts for 19% of the total
variance in ACE plasma levels.”” We found that the
prevalence of the G allele and GG genotype were
higher in all the subgroups, followed by the AA
genotype, except in the hypertensive group exposed
to noise. These findings were comparable to the
results of studies in a Pakistani population and a Gulf
(Emirati) population.”?>*” The AA genotype carriers
were not at increased risk for hypertension on noise
exposure; on the other hand, carriers of the AG and
GG were significantly vulnerable to hypertension on
noise exposure. Nawaz and Hasnain reported similar
results.*” In a Malaysian population, the same
polymorphism was found to be associated with
hypertension, but increased chances of hypertension
were linked to the A allele.>*

When we tested the model (additive and multi-
plicative) that may define GEI in this study, there was
a positive interaction between DD, ID, and AG
genotype carriers and noise in the development of
hypertension. The interaction was a synergistic
additive interaction for DD and synergistic multi-
plicative interaction for ID and AG genotype
carriers.

However, this leaves questions about which scale
should be used to define interaction. Rothman et al.
has advocated the use of a fixed reference point to
define interaction in epidemiologic studies, arguing
that the additive scale of measurement was the only
meaningful reference point.”> This argument was
based on a conceptual, rather than purely statistical,
definition of interaction: co-participation of two
factors in a single causal mechanism. Indeed, the
choice of either the additive or the multiplicative scale
can be appropriate under different conditions. For
example, if the disease etiology involves a multistage
process, two factors that act at the same stage will
generally fit an additive model, whereas those that act
at different stages will generally fit a multiplicative
model.*® Accordingly, both scales may be applicable
to define the interaction between ACE gene and noise
exposure on the development of hypertension.

NIHL is a complex disease resulting from the
interaction between intrinsic and environmental
factors. NIHL is a sensorineural hearing impairment
that develops over years of exposure to noise at
moderately high levels. About 16% of hearing loss
worldwide is attributable to occupational noise
exposure. It is predominantly noted in the high-
frequency region, with typical notch at 4-6 kHz.”” In
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this study, noise-exposed workers had a significantly
higher mean threshold of hearing compared to their
referent control, and more than three quarters had
NIHL.

Cells in the human body depend on a proper
supply of oxygen and nutrients in order to maintain
their functions and such supply depends on the
functional and structural integrity of the heart and
blood vessels. This integrity may be disturbed by
hypertension.”” Moreover, high BP may cause inner
ear minute hemorrhages, which may cause progres-
sive or sudden hearing loss. This circulatory system
pathology may directly affect hearing in a number of
ways. One of the vascular physiopathological
mechanisms described is the increase in blood
viscosity, which reduces capillary blood flow and
ends up reducing oxygen transport, causing tissue
hypoxia, and hearing impairment. Moreover, arterial
hypertension may cause ionic changes in cell poten-
tials, resulting in hearing loss.>®*

It is possible that hypertension could, through such
factors, cause hearing impairment, and consequently,
it would be expected that workers exposed to high
noise levels and having hypertension would be more
prone to hearing impairment and hearing loss.*

The occurrence of hearing impairment in our
exposed population was not associated with hyper-
tension. There was no statistically significant differ-
ence between hypertensive and normotensive exposed
workers regarding their mean hearing threshold and
NIHL. Moreover, a statistically significant positive
correlation was found between duration of employ-
ment and mean hearing threshold (r=0.234, P<<0.01).
However, there was no statistically significant corre-
lation between mean hearing threshold and systolic
or diastolic blood pressure (r=0.036, P=0.602 and
r=0.051, P=0.455, respectively). Wu et al found
comparable results and the authors concluded that
hearing loss is not appropriate as a noise exposure
index to measure the relationship between noise
exposure and blood pressure.® Hypertension is an
independent risk factor for hearing loss. Few studies
have used hearing loss at high frequencies (NIHL) as
a biological marker for noise exposure to investigate
the risk of hypertension. One field study reported
significantly higher means of systolic and diastolic
blood pressures in workers with an auditory impair-
ment greater than or equal to 65 dB compared with
those with normal hearing.®' Another study reported
that high and median hearing loss workers had
significantly higher risks of hypertension and slightly
greater mean values of resting DBP than low hearing
loss workers.?! Future studies with a follow-up design
that include participants exposed to different levels of
noise may deduce the effectiveness of NIHL as a
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useful tool for investigating the chronic effects of
noise exposure including cardiovascular effects.

To the best of our knowledge, this is the first study
investigating gene-noise interaction in the develop-
ment of hypertension in an Egyptian population. Our
results support the role ACE I/D and ACE G2350A
polymorphisms in the pathophysiology of hyperten-
sion. Moreover, these polymorphisms modulate the
risk of hypertension in the presence of noise. On the
other hand, we found no association between
hypertension and hearing impairment or NIHL in
noise-exposed workers. It is important to acknowl-
edge that this study was restricted to industrial
settings. The possible distinct workplaces character-
istics in non-industrial environments may affect some
of the conclusions presented herein. Another limita-
tion was the cross-sectional design of the study, which
limits a conclusive causal relationship. We recom-
mend studies with a longitudinal design to allow for
better evaluation of this relationship. Also, noise
exposure was assessed by fixed measurements with
sound level meters. The characterization of personal
exposure is a problem especially concerning long-
term effects. In general, the reporting of noise-related
factors, such as fluctuation of noise levels, frequency,
and peak or continuous noise, was incomplete.
Moreover, several confounding factors for hyperten-
sion including plasma lipid profile levels, and
occupational chemical cardiotoxins were not investi-
gated in this research.

This study provides preliminary research for noise—
gene interaction in hypertension. Given the complex
nature of genetic, environmental, and occupational
susceptibility for hypertension, further studies with
larger sample sizes and modified designs are needed.

Finally, our results indicate that preventive mea-
sures should be considered to reduce occupational
noise which contributes to the burden of cardiovas-
cular diseases. To reduce the adverse effects of
occupational noise exposure, it is important to
evaluate the degree, type, and source of exposure.
Optimally, noisy work processes should be isolated
and enclosed; and personal protective equipment
used. Even with such measures, some settings may
witness rates of exposure that exceed guidelines.
Consequently, it is clear that continued efforts are
needed to train and supervise workers in order to
promote worker safety with regard to noise exposure.
Policy makers and responsible authorities should
impose and enforce stricter regulations to control
industrial noise exposure. It is recommended that in
addition to audiometry testing, periodic medical
examination of noise-exposed workers should include
examination of the cardiovascular system and BP
monitoring.
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