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Abstract This study aimed to test the association

between the European GWAS-identified risk IQGAP2 SNP

rs457717 (A[G) and age-related hearing impairment

(ARHI) in a Han male Chinese (HMC) population. A total

of 2420 HMC subjects were divided into two groups [group

70?:[70 years (n = 1306), and group 70-: B70 years

(n = 1114)]. The participants were categorised into case

and control groups according to Z high scores for group

70- and the severity of hearing loss and different audio-

gram shapes identified by K-means cluster analysis for

group 70?. The IQGAP2 tagSNP rs457717 was genotyped

in accordance with the different ARHI phenotypes. The

genotype distributions of IQGAP2 (AA/AG/GG) were not

significantly different between the case and control groups

(P = 0.613 for group 70-; P = 0.602 for group 70?).

Compared with genotype AA, the ORs of genotypes AG

and GG for ARHI were not significantly different follow-

ing adjustment for other environmental risk factors. We

demonstrated that the IQGAP2 TagSNP rs457717 (A/G)

was not associated with ARHI in HMC individuals.

Keywords Age-related hearing impairment � IQ motif-

containing GTPase activating-like protein � Candidate
gene � Association study � Phenotype � Genotype

Introduction

Age-related hearing impairment (ARHI), also known as

presbycusis, is a multifactorial symmetric sensorineural

loss that affects adults older than 50 years of age [1]. It is

the most common sensory impairment and one of the top

three chronic diseases among the elderly alongside car-

diovascular problems and arthritis [2–4]. Environmental

factors, including systemic diseases, central obesity,

obstructive sleep apnoea, noise, chemical exposure,
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tobacco, ototoxic medication, hormonal replacement ther-

apy, and socioeconomic status, have been reported to be

associated with peripheral hearing function [5–7]. Genetic

effects have been clearly demonstrated to account for

approximately 50 % of the variances in ARHI [8–12];

however, the genetic factor that specifically determines the

susceptibility to ARHI was not clarified until recently.

Before the advent of the genome-wide association study

(GWAS) [13–15], several association studies based on a

candidate gene approach were conducted to study the

genetic susceptibility of ARHI. The potassium voltage-

gated channel member 4 gene (KCNQ4, OMIM ID:

603537) [16], N-acetyltransferases (NAT2*6A, OMIM ID:

612182) [17–19], grainyhead-like 2 gene (GRHL2, OMIM

ID: 608576) [20], Apolipoprotein E gene (APOE allele e4,
OMIM ID: 107741) [21], endothelin-1 gene (EDN1,

OMIM ID: 131240) [22, 23], uncoupling protein gene

(UCP2, OMIM ID: 601693) [24] and the mitochondrial

DNA (mtDNA) 4977 common deletion have all been

reported to correlate with ARHI [25, 26]. However, it is

now widely accepted that a large-sample GWAS followed

by verification in different populations represents the most

direct and convincing evidence.

Based on a pooling GWAS, Friedman et al. reported an

association between susceptibility to ARHI and variants of

the glutamate receptor-7 gene (GRM7) [14]; GRM7 gene

encodes a metabotropic glutamate receptor assumed to

modulate hair cell excitability and synaptic efficacy.

Newman et al. explored the relationship between the

GRM7 haplotype and SNP genotypes with various mea-

sures of auditory perception in a European American

population [27]. Another GWAS for ARHI was presented

by Van Laer et al. in a Finnish Saami population [15], who

are descendants of Europeans and East Asians, and also

found that the top-ranked SNPs, rs457717 (coordinate:

75956728; P value 3.55E-07) and rs1697845 (coordinate:

75958260; P value 1.63E-05), located on intron 13 of the

IQ motif-containing GTPase activating-like protein

(IQGAP2, OMIM ID: 605401), were associated with

ARHI. It is known that these two polymorphisms

(rs457717 and rs1697845) in IQGAP2 were in strong

linkage disequilibrium (LD) in the Finnish Saami popula-

tion (D0 = 1; r2[ 0.8). IQGAP2 is a member of the Ras

superfamily of GTPases, which regulates a wide variety of

cellular signalling pathways. IQGAP2 is expressed inside

the cochlea [28] and has been implicated in cadherin-me-

diated cell adhesion [29]. However, a replication study in

other populations has not been reported.

The aim of this study was to investigate the association

between the IQGAP polymorphism, either rs457717 or

rs1697845, and ARHI susceptibility in a large cohort of a

southern Chinese Han subpopulation using different audi-

ology data analyses. We analysed audiology data using the

‘‘Z score’’ method [30] based on the ISO standard in vol-

unteers under the age of 70 years. To ensure accuracy of

results, we used the statistical method ‘‘K means cluster

analysis’’ [31] for subjects over the age of 70 years, who

are not included in the current ISO standard [32].

Materials and methods

The institutional review Ethics boards of Shanghai Jiatong

University School of Medicine, Xinhua Hospital and RenJi

Hospital approved the study protocol. The protocol was in

compliance with the Declaration of Helsinki, and written

informed consent was obtained from all participants.

Subjects

Subjects for this case–control study were recruited from the

same geographical region (Shanghai) and were of the same

ethnic origin (southern Chinese HAN population), but no

subject was related to any other subject in the study. Male

adult volunteers, aged 50–100 years, were recruited

between July 2011 and July 2014 from the health check-up

centres of Xinhua and RenJi Hospitals, which are affiliated

with the Shanghai Jiatong University School of Medicine.

Clinical evaluation and audiological measurements

Health check-up centres offer routine annual health

examinations, which include a short questionnaire of

demographic data, systemic disease history and health

behaviours (smoking, alcohol consumption) and a basic

physical examination including body height, body weight,

a chest X-ray, electrocardiography, and blood biochemistry

tests.

Information regarding hearing loss history, including

exposure to noise and ototoxic drug exposure, was also

collected. An otoscopic examination was then conducted to

exclude any ear pathology potentially affecting hearing.

Audiological results were measured with air and bone

conduction thresholds of pure tones with an audiometer

(TDH39 earphone, Madsen Itera Inc, Taastrup, DEN-

MARK.). Air conduction thresholds were assessed at 0.25,

0.5, 1, 2, 4, and 8 kHz, and bone conduction was assessed

at 0.5, 1, 2, and 4 kHz. Pure-tone thresholds were measured

in a quiet room and in each ear separately. A blood sample

was taken from the subjects at the time of testing.

Individuals with symmetric sensorineural hearing loss

were screened and included for genotyping and further

analysis. In general, subjects with a pathology reported to

influence hearing were excluded according to an extended

exclusion list designed by an international European con-

sortium [16].
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PTA4 representing a pure-tone threshold average over

0.5, 1, 2, and 4 kHz of the better hearing ear, as adopted by

the World Health Organization, was used in our analyses

[33].

Z score method for subjects under the age

of 70 years (group 702)

According to the ISO 7029 standard, frequency-specific

thresholds were converted into age- and sex-independent

Z scores [30], representing the number of standard devia-

tions by which hearing threshold differs from the median at

a given frequency. For both ears of each participant,

Z scores at 2, 4, and 8 kHz were averaged as Zhigh, and

Z scores at 0.25, 0.5, and 1 kHz were averaged as Zlow.

Only the Zhigh of the better hearing ear was used for the

analysis. The participants were then categorised into the

case group (the 25 % of participants with the poorest

hearing) or the control group (the 25 % participants with

the best hearing), according to their Zhigh scores.

K means cluster analysis for subjects over the age

of 70 years (group 701)

The Z score method is not suitable for individuals over the

age of 70 years because the age range for which the

equation is valid in the current ISO 7029 standard is

18–70 years, inclusive [32]. According to WHO stan-

dardised hearing loss categories, normal hearing is defined

as a hearing threshold of 0–25 dB for the better ear, and

hearing impairments at 41 dB HL or above are defined as

disabling [33]. The upper age limit of ISO 7029 is

70 years. There is no standard method for hearing correc-

tion over the age of 70 years, and so, the participants in

Group 70? who met our ARHI inclusion and exclusion

criteria were categorised into the case group (PTA4[
25 dB) or the control group (PTA4 B 25 dB). For a more

detailed analysis of the different hearing phenotypes of the

ARHI case group, we employed K means cluster analysis

as described by Lee to categorise the audiometric pattern

shapes [31].

Genotyping

Genetic and statistical analyses were performed in the

Molecular Biology of Hearing and Deafness Research

Laboratory, Ear Institute, Shanghai Jiaotong University.

Genomic DNA was extracted from whole blood samples

using a standard extraction method. Risk SNPs rs457717

and rs1697845 also exist in Chinese Han in Beijing (CHB)

dbSNP and are highly correlated (D0 = 1; r2 = 0.965)

[HapMap data on Rel 27 PhaseII ? III, Feb09 (based on

NCBI B36 assembly) dbSNP b126 (http://hapmap.ncbi.

nlm.nih.gov/cgi-perl/gbrowse/hapmap27_B36/#search)].

Mutation screening of the IQGAP2 gene was performed

using nest PCR amplification and directional sequencing.

For the IQGAP2 region, including the SNP locus rs457717

(A/G coordinate: 75920972) shown in the HapMap, the

forward and reverse of the first pair of PCR primers were 50

TTATCCCAGCTACTTGGGAG 30 and 50 ATCTGGGC-
TAAAGGAGACCTC 30, respectively. The forward and

reverse of the second pair of PCR primers were 50

GAGAATAGCTTGACCCTGAG 30 and 50 ATCTGGGC-
TAAAGGAGACCTC 30, respectively.

The 25 lL PCR reactions were performed in a 2720

Thermal Cycler (Applied Biosystems, Foster City, CA).

The PCR cycling conditions included an initial denatura-

tion step at 94 �C for 5 min followed by 33 cycles of

denaturation at 94 �C for 30 s, annealing at 55 �C for 45 s,

extension at 72 �C for 45 s, and a final extension step at

72 �C for 7 min. Sequencing of the product after PCR was

performed using an ABI PRISM 3730xl Genetic Analyzer

(Applied Biosystems).

Statistical analyses

The data are presented as mean ± standard deviation

unless indicated otherwise. SNPs were tested using a Chi

squared test for Hardy Weinberg Equilibrium. The statis-

tical power of the study was estimated using QUANTO

software version 1.2 4 (http://hydra.usc.edu/gxe/). A sig-

nificant association between SNPs was tested using the Chi

square test or Fisher’s exact test for genotype frequency

distributions and allele frequency between ARHI patients

and healthy controls. Association of SNP with ARHI was

further confirmed by logistic regression analysis adjusted

for possible confounding factors, including central obesity

(CO), and cardiovascular disease (CAD), hypertension

(HTN), diabetes mellitus (DM), dyslipidaemia (DL),

chronic kidney disease (CKD), chronic obstructive pul-

monary disease (COPD), anaemia, osteoporosis (OP)

smoking, and alcohol consumption (AC). Odds ratios

(ORs) and 95 % confidence intervals (CIs) were used to

analyse the occurrence of the high-risk genotypes in the

Chinese Han population sample. The level of significance

was set at 0.05 to correct for the effects of multiple com-

parisons. All calculations were performed using the sta-

tistical software package 19.0.0 (IBM SPSS Statistics, Inc.,

Chicago, IL).

Results

A total of 2420 Han Chinese male volunteers who meet the

inclusion and exclusion criteria were recruited to partici-

pate in this study. They were divided into two groups,
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group 70? ([70 years; n = 1306) and group 70-

(B70 years; n = 1114). Whole blood samples of all sub-

jects were collected and subjected to genotyping for the

SNP rs457717.

Group 702

The participants of group 70- were categorised into the

case group (n = 279, 25 % with poorest hearing) and the

control group (n = 278, 25 % with best hearing) according

to the Zhigh score converted from the original frequency-

specific hearing thresholds.

The mean age was similar in the case and control groups

(63.38 ± 5.214 vs 62.99 ± 5.539 years). The mean Zhigh
score was higher in the case group (1.213 ± 0.401) than in

the control group (-0.555 ± 0.216).

Table 1 shows the distributions of IQGAP2 rs457717

genotypes and other variables in the control and case

groups for group 70- according to the Zhigh scores.

Genotype distributions of the IQGAP2 rs457717 (AA/AG/

GG) were not significantly different between the control

and case groups (v2 test, PUnadjusted = 0.613). We also

compared allele frequencies of rs457717 for group 70-

(ORUnadjusted 1.114 (95 % CI = 0.883–1.409), Pfreq = 0.

37).

Logistic regression models were constructed to control

potential confounding effects of other non-genetic factors

on the correlation between IQGAP2 genotypes and audi-

ological phenotypes. As shown in Table 2, the OR of the

AG and GG genotypes of IQGAP2 rs457717 for ARHI did

not decrease significantly compared with genotype AA of

IQGAP2 rs457717 after adjusting for other environmental

risk factors (OR 1.212, 95 % CI 0.793–1.855, P = 0.375

for AG; OR 1.261, 95 % CI 0.806–1.973, P = 0.310 for

GG).

Group 701

A total of 1306 male volunteers (age[70 years) met our

selection criteria. As the Z score method is not suitable for

subjects over the age of 70 years [32], we used a pure-tone

threshold average over 0.5, 1, 2, and 4 kHz (PTA4) of the

better ear to further assign these subjects into the healthy

control (PTA4 B 25 dB, n = 324) and case (PTA4[
25 dB, n = 982) groups. For the control group, the mean

age was 80.31 ± 5.373 years (71–94 years), and the

average PTA of the better ear was 21.23 ± 2.84 dB. A

total of 982 subjects were included in the ARHI case group.

The mean age of this group was 80.84 ± 5.45 years

(71–100 years), and the average PTA4 of the better ear was

43.78 ± 13.84 dB. There was no significant difference in

age between the ARHI case and control groups.

Table 1 shows that distributions of the IQGAP2

rs457717 genotypes (AA/AG/GG) were not significantly

different between the control and case groups for group

70? (v2 test, PUnadjusted = 0.602). Logistic regression

models were constructed to control for potential con-

founding effects of other non-genetic factors on the cor-

relation between IQGAP2 genotypes and audiological

phenotypes. As shown in Table 2, the OR of the AG and

Table 1 Distribution of IQGAP2 genotype and other variables for group 70- and group 70?

Variable Group 70- Group 70?

Control

(n = 278)

Case

(n = 279)

v2 PUnadjusted

value

Control

(n = 324)

Case

(n = 982)

v2 PUnadjusted

value

AA/AG/GG 78/113/87 68/119/92 0.978 0.613 88/136/100 240/421/321 1.015 0.602

CO (N/Y) 141/137 159/120 2.203 0.138 156/168 487/495 0.203 0.652

CAD (N/Y) 225/53 238/41 1.895 0.169 249/75 748/234 0.063 0.803

HTN (N/Y) 186/92 171/108 1.908 0.167 189/135 569/413 0.015 0.902

DM (N/Y) 240/38 229/50 1.893 0.169 254/70 746/236 0.800 0.371

DL (N/Y) 226/52 225/54 0.038 0.845 243/81 725/257 0.174 0.676

CKD (N/Y) 257/21 261/18 0.260 0.610 279/45 846/136 0.000 0.986

COPD (N/Y) 259/19 266/13 1.217 0.270 273/51 838/144 0.222 0.637

Anaemia (N/Y) 269/9 264/15 1.545 0.214 260/64 791/191 0.014 0.905

Migraine (N/Y) 269/9 273/6 0.628 0.428 294/30 906/76 0.755 0.385

Osteoporosis (N/

Y)

156/122 173/106 1.999 0.157 135/189 416/566 0.048 0.826

Smoking (N/Y) 50/228 38/241 1.995 0.158 114/210 365/617 0.413 0.521

AC (N/Y) 30/248 19/260 2.751 0.097 102/222 318/664 0.091 0.763

CO central obesity, CAD cardiovascular disease, HTN hypertension, DM diabetes mellitus, DL dyslipidaemia, CKD chronic kidney disease,

COPD chronic obstructive pulmonary disease, anaemia, AC alcohol consumption
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GG genotypes of IQGAP2 rs457717 for ARHI did not

decrease significantly compared with genotype AA of

IQGAP2 rs457717 after adjusting for other environmental

risk factors (OR 1.131, 95 % CI 0.827–1.546, P = 0.442

for AG; OR 1.170, 95 % CI 0.837–1.633, P = 0.358 for

GG).

Two methods (classification using the WHO grades of

hearing impairment and K-means cluster analysis) were

applied to further evaluate the hearing impairment of the

case group within group 70?, followed by the association

studies on the relationship between IQGAP2 rs457717

genotypes and hearing impairment within the case group

(Tables 3, 4, 5).

First, according to the WHO grades of hearing impair-

ment, which define the severity of hearing loss based on the

volume at which pure tones can be heard in the audiometric

test, the case group was further categorised into 4 sub-

groups: mild (26–40 dB, n = 464), moderate (41–60 dB,

n = 409), severe (61–80 dB, n = 90) and profound (81 dB

or greater, n = 19) hearing impairments (Table 3). WHO

has defined hearing impairment for the better ear at 41 dB

or above as disabling hearing impairment [33]. According

to this classification, the moderate, severe and profound

hearing loss subgroups, which comprise 518 subjects, were

defined as having disabling hearing impairment (Table 3).

Second, within group 70?, four audiogram shapes were

identified by K means cluster analysis [31, 34], i.e., 2–4

kHz abrupt loss (AL), 8-kHz dip (8D), down-sloping (SL)

and flat (FL) shapes.

We next investigated the distribution patterns of the

SNP rs457717 genotypes of the control group (n = 324)

and different case subgroups classified by either the WHO

grades of hearing impairment or the K means cluster

analysis. As shown in Table 3, the percentage of each SNP

rs457717 genotype was similar among these groups. In

addition, the relationship between SNP rs457717 and

ARHI in the case group was further confirmed by the

logistic regression analysis adjusted for possible con-

founding factors (Tables 4, 5). However, genotypes AG

and GG of IQGAP2 rs457717 appeared to be unrelated to

hearing impairment within each ARHI subgroup (Tables 4,

5).

Discussion

It is extremely important to study real ARHI patients, as it

is well known that environmental noise and ototoxic agents

can influence hearing in the elderly. A difference due to

gender has also been universally acknowledged as a major

factor that influences hearing loss with age. Hearing loss

due to age tends to decline faster and earlier, and the loss is

more severe in men than in women [35–37]. Thus, envi-

ronmental factors must be strictly excluded to avoid

Table 2 Logistic regression model analysing the effects of both IQGAP2 genotypes and non-genetic factors in case and control groups for group

70- and group 70?

Variables Group 70- Group 70?

Odds ratio 95 % confidence interval P value Odds ratio 95 % confidence interval P value

Lower Upper Lower Upper

AA – – – – – –

AG 1.212 0.793 1.855 0.375 1.131 0.827 1.546 0.442

GG 1.261 0.806 1.973 0.310 1.170 0.837 1.633 0.358

CO (N/Y) 0.789 0.560 1.110 0.174 0.950 0.738 1.224 0.694

CAD (N/Y) 0.700 0.441 1.111 0.130 1.027 0.826 1.277 0.810

HTN (N/Y) 1.350 0.946 1.926 0.099 1.024 0.792 1.324 0.855

DM (N/Y) 1.450 0.905 2.323 0.123 1.156 0.853 1.567 0.349

DL (N/Y) 1.145 0.738 1.778 0.546 1.058 0.791 1.415 0.704

CKD (N/Y) 0.846 0.433 1.653 0.625 1.012 0.702 1.459 0.950

COPD (N/Y) 0.693 0.328 1.466 0.337 0.954 0.736 1.237 0.723

Anaemia (N/Y) 1.852 0.783 4.379 0.160 0.989 0.813 1.203 0.908

Migraine (N/Y) 0.727 0.246 2.149 0.565 0.808 0.518 1.261 0.348

OP (N/Y) 0.763 0.536 1.085 0.132 0.976 0.756 1.261 0.853

Smoking (N/Y) 1.456 0.909 2.332 0.118 0.914 0.702 1.190 0.504

AC (N/Y) 1.659 0.898 3.064 0.106 0.973 0.741 1.278 0.845

CO central obesity, CAD cardiovascular disease, HTN hypertension, DM diabetes mellitus, DL dyslipidaemia, CKD chronic kidney disease,

COPD chronic obstructive pulmonary disease, anaemia, AC alcohol consumption
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confusion and interference by compounding variables

during research on the genetic factors of ARHI, and studies

should be carefully designed to account for the influence of

gender in studies of ARHI. This is why we have selected

only male volunteers and designed strict inclusion and

exclusion criteria to carry out this research.

The Z score method has been widely used in previous

ARHI association studies and converts frequency-specific

thresholds to a gender- and age-independent value [14, 16,

20], referred to as the Z score based on the ISO 7029

standards. The current ISO standard does not include

subjects older than 70 years of age. Due to this restriction,

case–control association studies on genetic susceptibility to

ARHI rarely involve the elderly population (those over the

age of 70 years). However, we believe that those over the

age of 70 years are likely to be more representative for

ARHI genetic susceptibility research. There is considerable

variation in the age of onset, progression and severity of

ARHI, even though every individual shows a steady

decline in hearing ability with age. Even if hearing is

completely normal under the age of 70 years in an

individual, this may not be the case once they are over the

age of 70 years. In other words, it is possible that the

control group also contained some patients with ARHI in

the case group, which may lead to false–negative results. It

is also difficult to distinguish truly different ARHI hearing

phenotype patterns using the Z score method. ARHI can-

didate gene association studies in people over the age of 70

are very necessary.

IQGAPs comprise a class of multidomain proteins that

are present in diverse organisms ranging from yeast and

Caenorhabditis elegans to Xenopus laevis and mammals

[38]. There are three IQGAPs in humans. IQGAP2, which

is 62 % identical to IQGAP1, was identified in 1996 [39].

The vast majority ([85 %) of the published literature

focuses on IQGAP1. Less is known about IQGAP2 [40

primary papers in PubMed (http://www.ncbi.nlm.nih.gov/

pubmed) at the time of writing]. IQGAP2 is found pre-

dominantly in liver, but can be detected in prostate, kidney,

thyroid, stomach, testis, platelets and salivary glands [39–

42]. Loss of IQGAP2 contributes to the tumourigenesis of

hepatocellular carcinoma, gastric cancer and prostate

Table 3 Association study between the SNP rs 457717 and different case ARHI subgroups for group 70? in a Chinese Han population

Group Classification Genotype distribution Allele frequencies ORUnadjusted (95 %

CI)

Pfreq

n AA % AG % GG % A % G %

Control Normal (dB

HL\26)

324 88 27.16 136 41.98 100 30.86 312 48.15 336 51.85

Case

WHO

standardised

hearing loss

categories

Mild

(26 B dB

HL\ 40)

464 120 25.86 194 41.81 150 32.33 434 46.77 494 53.23 1.057 (0.865–1.292) 0.589

Moderate (41

B dB HL\
60)

409 97 23.72 183 44.74 129 31.54 377 46.09 441 53.91 1.086 (0.884–1.335) 0.433

Severe

(61 B dB

HL\ 80)

90 19 21.11 37 41.11 34 37.78 75 41.67 105 58.33 1.300 (0.931–1.815) 0.123

Profound

(80\ dB

HL)

19 4 21.05 7 36.84 8 42.11 15 39.47 23 60.53 1.424 (0.730–2.778) 0.298

Hearing

disability

(41B dB

HL)

518 120 23.17 227 43.82 171 33.01 901 45.88 1063 54.12 1.096 (0.917–1.309) 0.314

The audiometric

shapes

categorised by

K means

cluster

analysis

2–4 kHz

abrupt loss

(AL) shape

354 86 24.29 161 45.48 107 30.23 333 47.03 375 52.97 1.046 (0.845–1.294) 0.682

8-kHz dip

(8D) shape

91 22 24.18 39 42.86 30 32.97 83 45.60 99 54.40 1.108 (0.796–1.540) 0.544

Sloping (SL)

shape

337 84 24.93 139 41.25 114 33.83 307 45.55 367 54.45 1.110 (0.894–1.378) 0.344

Flat (FL)

shape

200 48 24.00 82 41.00 70 35.00 178 44.50 222 55.50 1.158 (0.902–1.487) 0.250

OR odds ratios, CI confidence intervals
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cancer. IQGAP2 has long been studied for its role in

tumourigenesis, until Lut Van Laer [15] reported an ARHI

GWAS study on IQGAP2 in a Finnish Saami population.

IQGAP2 was reported to be expressed inside the cochlea

[28] and has been implicated in cadherin-mediated cell

adhesion [29]. Cadherin-23 (CDH23) plays an important

role in sensory hair cells [43], and mutations in CDH23 are

responsible for syndromic deafness: Usher syndrome type

1D (Usher 1D) [44–46] and non-syndromic autosomal

recessive deafness DFNB12 in humans, and age-related

hearing loss in inbred mouse strains [47].

In the present study, we found that the IQGAP2 tag SNP

rs457717 as identified by a European GWAS did not

contribute to ARHI in a Han male Chinese population both

before and after adjusting for environmental risk factors.

Our negative results were replicated in two groups (group

70- and group 70?). According to the HapMap data on

Rel 27 PhaseII ? III, Feb09 (based on NCBI B36 assem-

bly) dbSNP b126 (http://hapmap.ncbi.nlm.nih.gov/cgi-perl/

gbrowse/hapmap27_B36/#search), SNPs rs457717 and

rs1697845 also exist in Beijing (CHB) dbSNP and are

highly correlated (D0 = 1; r2 = 0.965). The high correla-

tion means that the validation’s results of the two risk SNP

rs457717 and rs1697845 in Chinese Han people will be

exactly the same. We confirmed the second risk SNP

rs1697845 associated with ARHI in the GWAS of van Laer

et al was also not associated with ARHI in HMC

individuals.

In addition, different audiogram patterns might confound

the relationship between candidate gene polymorphisms and

ARHI [16, 48]. The genotypes of IQGAP2 did not show a

significant effect on ARHI in different audiogram patterns

after adjustment for other variables in group 70?.

There is no standard method for hearing correction over

the age of 70 years. According to WHO standardised

hearing loss categories, normal hearing is defined as a

hearing threshold of 0–25 dB for the better ear; when

testing the hearing of people markedly over 70 years of

age, part of any observed hearing loss will probably be

associated with age. In the Mild subgroup (26 B dB

HL\ 40), false-negative results of the association study

may be caused by the hearing data being uncorrected.

Therefore, we designed another subgroup, the Hearing

disability subgroup (41B dB HL), according to WHO

standards. We also found no positive association between

the IQGAP2 tag SNP rs457717 and ARHI in Han Chinese.

The inconsistency between the results of the previous

study performed in Europeans and those of the present

study might be attributed to the population differences,

which have been reported as key factors leading to non-

replication (i.e., failure to replicate findings) among genetic

association studies [49]. This result does not exclude the

possibility of other causative variants in the IQGAP2 gene.

Further testing within the IQGAP2 gene or of the whole

gene might be warranted to better elucidate this. Further

meta-analysis studies with larger sample sizes and collab-

orative data comparing different ethnic groups to search for

population-specific causative variants might help to explain

the inconsistency between these association studies.

Conclusion

The results of our study are the first reported association

study between IQGAP2 and ARHI in an Asian ethnic

group. We demonstrated that the IQGAP2 risk SNP locus

(rs457717: A/G) in intron 13 identified by a European

GWAS was not associated with ARHI in Han male Chinese

individuals. Population differences could be a key factor

leading to the observed non-replication. Further testing

within the IQGAP2 gene or of the whole gene might be

warranted to better elucidate this.
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