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Background and purpose: Metabolic syndrome (MetS) is a disorder associated with an
increased risk of cardiovascular disease. The frequency of each component of MetS in Turner
syndrome (TS) subjects is high. An elevated incidence of hearing loss has also been reported
in TS. Sensorineural hearing loss (SNHL) affects at least half of young women with TS. The
association between MetS and SNHL has not been previously considered in TS. The aim of
this study is to evaluate the association between these two conditions.

Patients and Methods: Cross-sectional anthropometric, cardio-metabolic and audiological
data were obtained from a cohort consisting of unrelated TS subjects (>20 years of age; n =
93). Metabolic syndrome was defined according to the International Diabetes Federation
criteria. Types and severity of hearing loss were based on the American Speech Hearing
Association guidelines.

Results: Hearing loss was detected in 74% of ears from adult TS subjects and SNHL was
observed in half of our TS subjects. The prevalence of MetS in TS subjects with or without
SNHL was 64% and 11%, respectively (P < 0.05). After adjusting for age, MetS was related
to a ninefold increase in the odds of SNHL. This odds increased in a stepwise manner as the
number of MetS components increased.

Conclusion: MetS and its individual components were associated factors for SNHL in TS
subjects. A reduction in the number and severity of the components of MetS might poten-
tially contribute to decreasing the progression of SNHL at younger ages, but further studies
will be needed to explain the underlying pathological mechanism connecting MetS and
SNHL.

Keywords: hearing loss, metabolic syndrome, risk factors, Turner syndrome

Introduction

Turner syndrome (TS) is a clinical disorder resulting from a partial or total loss of
the second sexual chromosome. The severity of the disorder can vary, and clinical
features may include short stature, gonadal dysgenesis, often with visible dys-
skeletal
abnormalities.'” This disorder is one of the most common human chromosomal

morphic stigmata, and urinary, cardiovascular, and endocrine
abnormalities, occurring in approximately 1:2500 live female births.®> In 40% to
60% of patients with TS, the karyotypic anomaly is a monosomy 45,X, but a variety
of other anomalies have been found including mosaicism, Xp or Xq deletions, and
isochromosome of the X long arm." A cell line with a Y chromosome is also

present in 5% of patients.' The life expectancy in TS is reduced by at least 10
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years,” due principally to a threefold increase in the risk of
mortality from cardio-cerebrovascular disease.* Insulin
resistance and dyslipidemia, both components of the meta-
bolic syndrome (MetS), are the two most common meta-
bolic abnormalities noted in adult patients with TS.>°
Metabolic syndrome is a cluster of common disorders
that include visceral adiposity, hypertension, insulin resis-
tance, and dyslipidemia and may lead to the development
of Type 2 Diabetes Mellitus (T2DM) and cardiovascular
disease.” Although several studies have reported an
increased prevalence of each of the MetS components in
TS,*>%? few studies have determined the global preva-
lence of MetS in TS.!%!! In addition, most of these studies
have methodological deficiencies such as different age
ranges. Data on the prevalence of MetS in TS adult
patients are still scarce.

An elevated incidence of hearing loss (HL) has been
reported in adult patients with TS."*"'* This deficiency can
be conductive, sensorineural, or mixed.'>!® Sensorineural
hearing loss (SNHL) is the most prevalent as it affects at
least half of the women with TS 35 years or older.'® SNHL
in TS is gradually progressive, resulting at age 40 in
hearing comparable to that of women aged 60 in the
general population.'> Thus, both MetS and SNHL are
comorbidities frequently reported in TS patients with sig-
nificant effects on their health. In addition, data from
several large epidemiological and smaller cohort studies
suggest a relationship between HL and MetS in the general
population.'” ! Microvascular damage has been reported
in SNHL?? and has also been found to be a complication
of MetS in non-TS patients.'® Therefore, MetS may be an
associated risk factor for SNHL in adult patients with TS.
It is feasible for MetS to appear before the onset and
development of SNHL so that it could modify the course
and/or severity of SNHL. However, these two conditions
could also be comorbidities, so that both could develop at
the same time. It is even possible that by modifying
cardiovascular risk factors in women with TS, the course
and/or severity of SNHL could be reduced, without there
being an inevitable causal association between these two
conditions. Additionally, fetal programming may be
a component that could be taken into account, as it can
link these two conditions without a causal association
between them. As well as, associated factors to HL, such
as the influence of age, chromosomal constitution, effect
of the parental origin of the retained X-chromosome,
estrogen and thGH therapies, craniofacial malformations
and ear infections have been previously evaluated in TS

subjects.'? '>%32* Nevertheless, the effect of such asso-
ciated factors on HL has been inconsistent and controver-
sial and there is no general agreement of which the main
factors affecting HL in TS are. In addition, several studies
to date have tended to focus on the influence of one rather
than multiple associated factors. There have been, how-
ever, no comprehensive studies exploring a relationship
between HL and MetS in TS. This study aimed to identify
potential associated factors for HL in a cohort of adult TS
subjects and to evaluate the association between HL and
MetS in TS.

Materials and Methods

This was a cross-sectional correlational study carried out in
two Latin-American universities over the past 7 years. Ninety-
three unrelated adult TS patients (>20 years old) were
recruited from two sources. Venezuelan subjects (n = 56)
were periodically examined at the outpatient Medical
Genetics clinic of the Genetic Research Institute, University
of Zulia, between January 2010 and December 2016.
A second group of Ecuadorian individuals (n=37) were
recruited through the Ecuadorian Foundation in Support of
Turner Syndrome; they were contacted through the use of
letters, e-mails and telephone calls and subsequently under-
went a comprehensive health examination between January
and November 2017. No statistical difference was found
between subjects of the two different countries at the begin-
ning of the study with respect to the demographic or genetic
data (age, socio-economic status, education level, height-SDS,
weight-SDS, BMI-SDS, karyotype distribution). The study
group was subdivided into TS subjects with MetS and TS
subjects without MetS (control group). A reference group of
57 healthy women, 20 to 49 years of age, matched by age and
BMI with the study group, was also included in the study. No
individuals presented with organic disease. The diagnosis of
TS was established by lymphocyte chromosomal analysis in
combination with the presence of typical clinical features.
Karyotypes were distributed as follows: 45,X (n=37); 45,X/
46,XX (n=19); karyotypes with Xg-isochromosomes (16) or
Xp deletions (n=7); karyotypes with Y chromosome material
(n=5); karyotypes with multiple cell lines (n = 5) and karyo-
types with a marker or ring chromosome (n=4). None of the
subjects received treatment with growth hormone or anabolic
steroids.

Information on exposure to estrogen (age at menarche,
start of induction of puberty, premature ovarian failure,
duration and cessation of hormone replacement therapy
(HRT)) was collected. Five of the patients menstruated
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spontaneously. All patients, except six, received conven-
tional HRT. Fifty-three TS subjects (57%) received HRT
for more than 5 years. The remaining 40 subjects were
either poorly or irregularly treated (for less than 2years
(range: 6 months to 7.3 years) or never received HRT and
seven of these patients received HRT for an unspecified
period. If a patient was receiving HRT, it was discontinued
4-weeks prior to the assessment.

The study protocol was assessed and approved by the
institutional research ethics committees in human subjects
of the two participating universities. The procedures and
possible discomforts/risks related to the study were fully
explained to all subjects before beginning the study and
they voluntarily decided to take part in it and signed an
informed written consent in front of a witness.

Anthropometric evaluations were performed by trained
physicians using standard techniques. Several indices and
ratios were then calculated: Body Mass Index (BMI),
waist/standing height (WHtR) and waist/hip (WHR) ratios.
Following 10 mins of rest blood pressure (Systolic (SBP)
and Diastolic Blood Pressure (DBP) was measured in the
left arm with an appropriate size cuff and in the sitting
position. A 10-mL whole blood sample was then obtained
for the measurement of fasting plasma glucose (FPQG), total
cholesterol, Low-Density Lipoprotein-cholesterol (LDL-c)
and High-Density Lipoprotein-cholesterol (HDL-c) and
triglyceride (TAG) concentrations by the enzymatic
method. Metabolic syndrome was diagnosed using the
Diabetes
According to the new IDF definition, for a woman to be

International Federation (IDF) consensus.’
defined as having the MetS they must present: 1) Central
obesity (defined as waist circumference > 80 cm) plus any
two of the following four factors: 2) fasting plasma glu-
cose 5.6 mmol/L (100 mg/dL); 3) HDL-c level <1.29
mmol/L (<50 mg/dL); 4) TAG >1.7 mmol/L (>150 mg/
dL) or specific treatment for this; and 5) blood pressure
>130/85 mm Hg or treatment of previously diagnosed
hypertension.

Following at least 24 hrs of noise avoidance, audiologi-
cal assessment was performed based on the American
Speech Hearing Association (ASHA) guidelines for manual
pure tone audiometry. Diagnostic standard pure tone audio-
metry included measurement of air-conduction thresholds
from 0.25 through 8 kHz, while the bone conduction thresh-
olds were measured at frequencies 0.5 through 6 kHz for
each ear separately with a calibrated two-channel audio-
meter with earphones (MA 53, Maico Inc.) in a sound-

proof room in ambient noise of <45 dB HL.'”?°

Conductive hearing (CHL) loss was defined as an air—bone
gap of at least 15 dB HL at one or more frequencies with an
air-conduction threshold greater than 25 dB HL; Mixed
Hearing Loss (MHL) was diagnosis when air-conduction
thresholds were greater than 20 dB HL at any frequency in
the frequency range 0.25-4 kHz, with an air—bone gap of
greater than 10 dB HL at one frequency at least in the range
0.5—4 kHz at which there was an elevation of air-conduction
thresholds;'*'*** SNHL was defined by air-conduction
thresholds greater than 25 dB HL at one or more frequencies
and the lack of an air—bone gap. The severity classification
of SNHL was based on the average of air-conduction thresh-
olds obtained at 500, 1000, and 2000 Hz and SNHL was
defined as mild (mSNHL) (2640 dB HL), moderate
(moSNHL) (41-55 dB HL), moderately severe (mo-
sSNHL) (56-70 dB HL), severe (sSNHL) (71-90 dB HL)
and profound (>90 dB HL).

Data were analyzed using IBM SPSS Statistics 19.0
(SPSS Inc., Chicago, IL, USA) and GraphPad InStat 7.00
(GraphPad Software, Inc., La Jolla, CA, USA). The general
features of the participants are described as number of cases
and mean and standard deviations unless otherwise men-
tioned. Results as determined by 95% confidence intervals
(95% CI) and a P value of <0.05 were considered to be
statistically significant. The prevalence of MetS and differ-
ent types of hearing loss are indicated as percentages. To
compare the proportions of categorical variables, ie, differ-
ences in the percentages of MetS and its components
between SNHL- and Non-SNHL TS subjects, the two pro-
portion Z-test was used. After checking the normality of the
quantitative variables with the Kolmogorov-Smirnoff test (P
< 0.05), a Student’s #-test was performed to compare means
between groups for continuous variables. Conversely, when
the variables did not fit into the criteria of normality they
were expressed as median (range) and a Mann—Whitney
U-test was carried out. Odds ratios, adjusted for age (aOR:
adjusted Odds Ratio) along with the corresponding 95% CI
were used to examine the strength of associations between
the different types of hearing loss and MetS or its compo-
nents. Since HL is associated with age, TS subjects were
classified into two categories (<30 and >30 years of age) so
as to establish a proportional interval based on the age limits
of our study and reference groups. Binary logistic regression
analysis was performed to identify independent accompany-
ing factors for SNHL in TS subjects. First, multiple bivari-
able logistic regression analyses were carried out including
variables for categories of MetS, age, HRT, complete Xp
deletion, pterygium colli and otitis media as independent
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variables. Factors associated with SNHL were identified by
a marginal statistical significance P value of <0.2 using the
backward elimination method to arrive at the final univari-
able model of the predictors of SNHL. However, otitis
media was added to the model because it was selected
a priori. Then, these independent variables were considered
candidate variables and exported to a multivariable binary
logistic regression model for controlling the possible effect
of confounders. SNHL, dichotomously defined, was the
dependent variable. In the final multivariable model,
P value <0.05 for two-sided tests was set as the level of
significance. The odds ratio (OR) with 95% confidence
interval (CI) was used to test the strength of associations.
Nagelkerke pseudo-R2 was used to indicate how well the
model explains the data. Goodness of fit for a model was
determined using the postregression diagnostics Hosmer-
Lemeshow test. An appropriate model was indicated by
a non-significant y2 (P > 0.05).

Results
Type, Frequencies and Percentages of
Hearing Loss in TS Subjects

Comparison of the type and frequency of hearing loss
between the right and left ear in TS subjects is detailed in
Figure 1. No differences in the type of HL between the right
and left ears were detected among TS subjects (two propor-
tion Z-test P =>0.05 for all comparisons). Abnormal pure-
tone threshold data were detected in 138 of 186 (74.2%)
ears in TS subjects, compared to only 17% in the reference
subjects. In the TS group, CHL was detected in 28 of 186
(15.1%) ears, while mixed hearing loss (MHL) was found
in 18 of 186 (9.7%) ears. Sensorineural hearing loss was
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present in 92 of 186 (50%) ears. According to severity, mild
SNHL was detected in 27.9% of TS subject ears, while 33
of 186 ears (17.7%) showed a moderate degree of SNHL.
Moderately severe and severe SNHL comprised 5 (2.7%)
and 2 (2.2%) of the ears, respectively. No subjects with TS
presented profound SNHL. No differences between right
and left ears were detected among TS subjects with SNHL
(Figure 1). Thirty-three of 47 TS subjects (64.7%) pre-
sented bilateral SNHL (not necessarily identical in
severity).

Associated Factors for Hearing Loss in TS

Subjects
Cardio-Metabolic Variables

The clinical, anthropometric and bio-impedance features
of the TS study group are listed in Table 1. Women with
TS and SNHL were significantly shorter and had higher
weight, BMI, waist circumference (WC), WHR, WHtR
and SBP and DBP than non-SNHL subjects (Table 1).
Being overweight/obese (BMI >25 kg/m2) was related
with an increased odds of SNHL (6.4; 95 CI: 2.5-16.3).
Overweight (BMI >25<30 kg/m2) and obesity (BMI
>30 kg/m2) were associated with a twofold (1.8-5.2) and
10-fold (2.2—47.1) increase in the odds of SNHL, respec-
tively (for two conditions, two proportion Z-test, P <
0.05). With respect to bio-impedance variables, individuals
with TS and SNHL showed greater fat mass (FM), per-
centage of fat mass (PFM) and free fat mass (FFM)/FM
(FFM/FM) ratio than non-SNHL TS subjects. No differ-
ence between TS subjects with SNHL or without SNHL
was observed regarding Total Body Water (TBW) and
FFM, whereas Percentage of Body Water (PBW) and
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Figure | Number of TS subjects among the different types of hearing loss (A) and distributed according to the severity of SNHL (B). (Two proportion Z-test P = >0.05 for

all comparisons).

Abbreviations: CHL, conductive hearing loss; MHL, mixed hearing loss; SNHL, sensorineural hearing loss; mSNHL, mild SNHL; moSNHL, moderate SNHL; mo-sSNHL,

moderately severe SNHL; sSNHL, severe SNHL.
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Table | Clinical, Anthropometric and Bio-Impedance Variables
in Turner Syndrome Subjects

SNHL Non- P
SNHL
Number of Subjects, % (n) 50.5 (47) 49.5 (46) 0.543%
Age (Years) 3ILL £ 7.1 272+ 63 < 0.001
Age at Pubertal Induction 172 £52 16.8 = 4.1 0.3189
(Years)
Years of HRT (Years) 791 64 | 82+57 02317
Height (cm) 1383 + 3.1 | 1405 £ 3.5 | 0.0409%
Weight (kg) 557+ 113 | 469 £ 6.3 < 0.001
BMI (kg/m?) 286 + 58 236 + 34 < 0.001
Waist Circumference (cm) 83.1 £ 143 | 728 £ 7.1 < 0.001
Waist/Hip Ratio 0.90 £ 0.1 09 £ 0.1 0.014
Waist/Height Ratio 0.6 £ 0.1 0.5+ 0.1 < 0.001
Systolic Blood Pressure 138.0 £ 119.0 £ < 0.001
(mmHg) 18.0 17.0
Diastolic Blood Pressure 86.0+ 140 | 77.0 £ 13.0 | <0.001
(mmHg)
Total Body Water (L) 243 + 4.1 24.1 £ 49 0.8826%
Percentage of Body Water 449 £ 99 514 +88 0.002
(%)
Fat Mass (kg) 243 £ 9.6 16.6 £ 5.3 <
0.001%
Percentage of Fat Mass (%) | 41.3 £ 10.7 | 345 + 6.9 <
0.001%
Free Fat Mass (kg) 253+79 255+ 9.0 | 0.9089
Percentage Free Fat Mass (%) | 46.9 £ 169 | 54.0 £ 179 | 0.0261
Free Fat Mass/Fat Mass 1.1 £0.6 08 +04 0.0013
Ratio

Notes: Data expressed as mean and SD. {: two proportion Z-test. P indicates
difference between SNHL-TS and Non-SNHL-TS subjects calculated by the
Student’s t test unless otherwise specified (1 the Mann—Whitney U-test). Bold
font represents P values which are statistically significant.

Abbreviations: SNHL, sensorineural hearing loss; SNHL-TS, Turner syndrome
subjects with SNHL; Non-SNHL-TS, Turner syndrome subjects without SNHL;
HRT, hormone replacement therapy; BMI, body mass index.

Percentage of Free Fat Mass (PFFM) were significantly
lower in TS subjects with SNHL than in those with non-
SNHL (Table 1). Mean HDL-c levels (mg/dL) were simi-
lar in TS with and without SNHL (49.9 + 12.5 vs 54.9 +
17.4; P = 0.2403, Mann—Whitney test). By contrast, TS
subjects with SNHL had significantly increased FPG (87.4
+ 13.5 vs 80.6 + 12.0; P = 0.021), TAG (178.6 = 56.7 vs
146.1 £58.5; P =0.0097), LDL-c (155.1 £ 62.1 vs 134.8 +
67.6; P =0.01067) and total cholesterol (TC) (222.4 £43.2
vs 198.9 £ 56.3; P = 0.0294) levels (mg/dL) when com-
pared to TS subjects without SNHL. All atherogenic
indexes, including the Castelli Index (4.7 + 1.3 vs 3.8 +
1.2; P < 0.001), the TAG/HDLc ratio (3.9 = 1.8 vs 2.9 +
1.5; P = 0.0045), the Atherogenic Index of Plasma (AIP)
(0.5+0.2vs 04 +£0.2; P=10.0051), LDL-¢/HDL-c ratio

(33 +1.4vs2.6+14;P=0.0202) and the Non-HDL-c/
HDL-c ratio (3.7 £ 1.3 vs 2.8 + 1.2; P < 0.001) were
significantly higher in TS subjects with SNHL than in
those without SNHL. Hypertension was significantly
more common in TS with SNHL than in TS without
SNHL (P < 0.05). No significant differences between TS
subjects with and without CHL or with or without MHL
were found for anthropometric, cardiometabolic or bioim-
pedance variables.

The prevalence of the components of MetS in SNHL
and in non-SNHL-TS subjects is shown in Table 2. The
prevalence of each component of MetS was higher in
SNHL than in Non-SNHL-TS subjects or in the reference
group. Consequently, the prevalence of MetS was higher in
SNHL than in Non-SNHL TS subjects (63.8% vs 10.9%,
two proportion Z-test P = <0.05). In the crude model, the
odds ratio of SNHL according to MetS was 10.74, 95% CI
= 3.8-30.4 (Z-statistic: 4.163 and P < 0.05) (Tables 3 and
4). Since SNHL was shown to be age-dependent, TS sub-
jects were classified into two categories (<30 and >30 years
of age) and after adjusting for age, TS subjects with MetS
still had a significantly increased odds of SNHL (aOR =
8.9, 95% CI =3.00-26.3) (Table 3). The odds of having
SNHL in TS subjects increased in a stepwise manner as the
number of MetS components increased. Individuals with TS
and four components of MetS had a higher aOR for SNHL
than those with three components [11.1 (95% CI: 2.4-51.6)
vs 3.2 (95% CI: 1.1-10.8)] (P = <0.001). None subjects had
five components of MetS. No significant differences
between TS subjects with or without CHL or with or with-
out MHL were found for the prevalence of MetS or for each
component of MetS.

Age

The mean + SD for age was 29.4 + 6.7 (range 20 to 49)
years for the TS group and 29.8 + 4.7 (range 20 to 49)
years for the reference group. However, individuals with
TS and SNHL were older than TS subjects without SNHL
(Table 1). While the frequency of CHL and MHL
remained constant across the age range studied (in 10-
year age increments), a significant linear association
between age and percentage of SNHL in TS subjects was
detected (P < 0.001, chi-squared Mantel-Haenszel test,
Table 3). As age increased the proportion of TS subjects
with SNHL also increased. The prevalence of SNHL
increased from 44.7% to 60% from an age of >29 to <39
years, reaching 66.7% in TS subjects older than 40 years
of age (Supplementary Table).
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Table 2 Prevalence of the Metabolic Syndrome and Its Components in SNHL and in Non-SNHL TS Subjects and Odds Ratios of SNHL

According to MetS

SNHL (n= 47) Non-SNHL (n= 46) P aOR (95% CI)
Lower Upper
MetS % (n) 63.8 (30) 10.8 (5) < 0.05 8.9§ 3.0 26.3
Pathological Waist Circumference % (n) 93.8 (45) 26.1 (12) < 0.05 6.5 2.1 19.9
Hypertriglyceridemia % (n) 85.4 (42) 39.1 (18) < 0.05 29 1.5 5.6
Low HDL-c % (n) 43.8 (21) 21.7 (10) < 0.05 1.4 1.0 2.1
Hypertension % (n) 37.5 (18) 8.7 (4) < 0.05 1.8 1.3 2.5
Hyperglycemia % (n) 229 (1) 44 (2) < 0.05 1.7 1.24 2.4

Notes: Comparisons were done by two proportion Z-test. §: unadjusted OR; aOR, estimation of odds ratio of SNHL according to each individual component adjusted for

MetS (presence or absence) by the Mantel-Haenszel method.

Abbreviations: MetS, metabolic syndrome; HDL-c, high-density lipoprotein-cholesterol; SNHL, sensorineural hearing loss; Non-SNHL, without SNHL; OR, odds ratio;

aOR, adjusted odds ratio; 95% Cl, 95% confidence intervals.

Table 3 Estimation of Odds Ratios of SNHL According to MetS
Adjusted for Age (<30 and 230 Years Old)

Age of TS SNHL | Non- OR 95% CI
Subjects SNHL
Lower | Upper

<30 MetS 19 4 9.50 232 | 38.88
Years

No 7 14

MetS
230 MetS 10 2 11.82 [ 222 | 63.02
Years

No I 26

MetS
Total 47 46 10.74 | 3.80 | 30.40

8.9* 3.0* 26.3*

Notes: *Estimation of Adjusted Odds Ratio by the Mantel-Haenszel method where
the results of the tests of homogeneity from Breslow-Day and Tarone’s were 0.664
and 0.665, respectively, and asymptotic significance (2-sided) of tests of conditional
independence by Cochran’s and Mantel-Haenszel were 0.001.

Abbreviations: SNHL, sensorineural hearing loss; MetS, metabolic syndrome; OR,
odds ratio; 95% Cl, 95% confidence intervals (P <0.001 for all calculated OR).

Estrogens

A majority of TS subjects in our cohort received HRT for
more than 5 years (n= 53, =60%). The proportion of
SNHL was not significantly different in TS subjects who

received HRT (n=16) versus those who did not receive it
(n= 14) (OR= 1.14; 95% CI: 0.57-2.31) (two proportion
Z-test, P >0.05), nor did the duration of HRT (=5 years)
(n= 13 vs 12; OR= 1.08, 95% CI: 0.50-2.32) affect the
prevalence of SNHL. Thus, SNHL was not related to
previous HRT use.

External Craniofacial Signs

Anomalies in the derivatives of the first and second phar-
yngeal arch, including 1) ear anomalies (low-set or cupped
ears, deformity of the helix, narrowing of the external audi-
tory canal), 2) dismorphic palate (prominent lateral ridges,
narrow and/or high arched palate), 3) pterygium colli, 4) low
posterior hair line and 5) micrognathia, were present in 86
(92.5%) of the 93 TS subjects. The frequencies, percentages
and odds ratio (95% CI) of these anomalies in TS subjects
with or without SNHL (n= 47 vs 46, respectively) can be
seen in Figure 2. Sixty-three patients (67.7%) had ear
anomalies; 76 (81.7%) presented with dismorphic palates;
33 (35.5%) had pterygium coli, 71 (76.3%) had a low poster-
ior hairline and 31 (33.3%) exhibited micrognathia. The
proportion of these five external craniofacial signs were
significantly different between TS subjects with or without

Table 4 Multivariable Binary Logistic Regression Analysis Results of Factors Accompanying SNHL Among TS Subjects

Predictor Category B Wald »? P Odds Ratio (Exp(B)) 95% CI for Exp(B)
Lower Upper
MetS = 3 components 2.374 20.007 < 0.0001 10.741 3.795 30.396
Age = 30 years - 1.18 2.82 0.093 0.309 0.078 1.218
Complete deletion Xp Yes -0.514 0.559 0.454 0.598 0.155 2.301
HRT = 5 years -0.178 2.407 0813 0.837 0.191 3.671
Pterygium colli Yes 1.701 5.22 <0.001 5.48 3.69 18.63

Abbreviations: SNHL, sensorineural Hearing Loss; MetS, metabolic syndrome; HRT, hormone replacement therapy; Exp(B), adjusted odds ratio for binary logistic

regression model; 95% CI95% confidence intervals.
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SNHL (Figure 2). By contrast, a significant increase in the
odds of CHL was only found when pterygium colli was
present (OR = 3.0, 95% CI =1.2-7.6).

Chromosomal Constitution

In order to obtain an adequate size that allowed for statistical
comparison of the data, we divided the TS subjects into two
groups of karyotypes: 1) TS subjects with complete deletion
of the short arm (45,X and 46,Xi(Xq) (n= 53); and 2) TS
subjects with other cytogenetic findings including 45,X/46,
XX, multiple mosaicism, structural abnormalities (partial Xp
or Xq deletions) and 45,X/46,XY (n=40). No differences
were found between both cytogenetic groups when two
proportion Z-test analysis was applied in TS subjects with
CHL, MHL or SNHL. Of 53 karyotypes with complete
deletion of short arm of X-chromosome, 25 belonged to
subjects with SNHL and 22 subjects with SNHL had other
karyotypes (P > 0.05; OR = 0.89, 95% CI: 0.52—1.52).

Otitis Media
Fifty-five TS subjects (62.5%) reported having at least one
episode of otitis media, but only nine (10%) reported
a history of recurrent otitis media (defined as three or
more episodes of purulent middle ear infection), three of
which had been treated with myringotomy and ventilation
tubes. Of the TS subjects with recurrent otitis media, only
one had CHL. The presence of otitis media did not
increase the chance of having CHL (OR= 0.34, 95% CI:
0.1-0.9) or SNHL (OR= 0.70 95% CI 0.23-2.9).

Table 4 shows the logistic regression coefficient, Wald
test, and odds ratio for each of the accompanying factors for

SNHL. Overall, the binary logistic regression showed that
the model fitted the data and explained a large part of the
factors associated with SNHL with Nagelkerke pseudo-R2
values of 0.631 (-2 log of likelihood: 69.27). However, only
MetS (P<0.0001) and pterygium colli (P < 0.001) were
significant independent predictors for SNHL. The odds
ratio for MetS indicates that when holding all other variables
constant, a TS subject with MetS is 10.7 times more likely to
have SNHL than that without MetS. Although significant, the
effect of pterygium colli was much smaller than that of MetS,
with a one-point increase on the nine-point MetS scale being
associated with the odds of having SNHL increasing by
a multiplicative factor of 5.48.

Discussion

Individual associated factors to SNHL in women with TS

12,13,15,16,23-25

such as the influence of age, chromosomal

constitution!>142426:27

effect of the parental origin of the
627 rhGH

and ear

and
2429

retained  X-chromosome,

13-15,28,29

estrogen
therapies, craniofacial malformations
infections'>'*%3% have been systematically explored.
However, the association between MetS and SNHL has not
been previously evaluated. In the current study, we found
a robust association between MetS or individual components
of MetS and SNHL in women with TS. The prevalence of
both MetS and of SNHL was higher in our adult TS cohort
than that reported in other studies™'*'**-**?° This may be
due to the different age ranges.'®'"'®**2>31 We included
only TS subjects >20 years of age in our study. In studies in
TS subjects with a wide age range, the prevalence of HL and

Frequencies of Craniofacial Anomalies in TS Subjects

Micrognathia
10.8%

Low Posterior Hairline

Pterigium Colli
8.6%

Dismorphic Palate

Craniofacial Anomalies

Ear Anomalies

mmm TS Subjects with SNHL
TS subjects without SNHL
22.6%
Odds ratio: 2.72 (1.1-6.73)

44.1%

32.3% Odds ratio: 2.93 (1.06-8.07)

26.9%
Odds ratio: 5.03 (1.94-13.01)

46.2%

35.5% Odds ratio: 3.13 (1.00-9.76

N © .5

28% Odds ratio: 2.46 (1.00-6.02)

° K

> -$ ® &

Percentages of TS Subjects with SNHL and Craniofacial Anomalies

Figure 2 Frequencies, percentages and odds ratio (95% confidence intervals) of the presence of anomalies in derivatives of the first and second pharyngeal arches in TS

subjects with SNHL compared to those TS without SNHL.
Abbreviations: TS, Turner syndrome; SNHL, sensorineural hearing loss.
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MetS has been found to be lower.'*!'*?*242% If TS subjects
less than 20 years of age were included in our study, the
prevalence of HL and of MetS could have been underesti-
mated. On the other hand, if mostly older TS subjects (=40 or
>50 years of age) had been included in our study, the smaller
study group could have induced an overestimation of co-
morbidities. In the present study, we chose a cut-off point of
30 years of age as appropriate for resolving these methodo-
logical problems. Consequently, the estimation of the odds
ratios for SNHL according to MetS was adjusted for this age
(<30 and >30 years). Also, other variables such as ethnic
backgrounds of the individuals studied, as well as the limited
health care received by our cohort rendering it more suscep-
tible to developing both MetS and SNHL.

The aOR of SNHL in TS subjects with MetS was
significantly increased than of TS subjects without MetS.
Moreover, when TS subjects with MetS were subcategor-
ized based on the number of MetS components they pre-
sented with, individuals with four components of MetS
were found to have a higher aOR for SNHL than those
with three components (11.05 vs 3.17). Thus, MetS
appears to be an associated factor for having SNHL in
adult subjects with TS. Following an increase in the num-
ber of MetS components, the chance of having SNHL also
seems to increase. Our findings are reinforced by the
results of a prospective longitudinal registry study in
245,000 Swedish conscripts, supporting the hypothesis
that SNHL might be a clinical feature of MetS.>*> We
found four of the five components of MetS to be indepen-
dent associated factors of having SNHL in TS patients, so
that each component by itself may present together with
SNHL in TS. Microangiopathy is one of the proposed
mechanisms for the development of SNHL, as the
cochlear organ is particularly vulnerable to transient ische-
mia due to its highly energetic necessities and lack of
collateral arterial blood flow.>®> The microangiopathy
hypothesis is associated with all five components of
MetS. They can induce atherosclerotic changes or alter
the stiffness and/or elasticity of blood vessels leading to
their narrowing, and to chronic microvascular dysfunction
with a decrease in blood perfusion and increased chronic
cochlear damage. However, in this cross-sectional study,
we were unable to elucidate if these associated factors for
SNHL reflect confounding or etiological factors. Although
the association of MetS and SNHL in TS could be attri-
butable to comorbidities, our findings seem to indicate that

this association likely results from progressive, additive

and cumulative effects of the individual components of
MetS.

Our data show that WC possesses the highest aOR for
having SNHL. Being overweight/obese (BMI >25)
resulted in a 6-fold increase in the odds of SNHL and
may be independently associated with hearing function, so
that an increasing BMI, WC and WHtR may enhance the
prevalence of SNHL in TS. In concordance with these
findings, both a FEuropean multi-center study and
a Danish study reported that high BMI and high-
frequency SNHL may be associated.’*** Similarly,
among the components of MetS, hypertriglyceridemia
had the second-highest aOR for SNHL in our study.
Levels of TAG, TC and LDL-c, as well as atherogenic
indexes (TC/HDL-c ratio, TAG/HDL-c ratio, AIP, LDL-c/
HDL-c ratio and Non-HDL-c/HDL-c ratio) were signifi-
cantly increased in TS subjects with SNHL compared to
non-SNHL TS individuals. Consistent with our findings,
dyslipidemia has been shown to be significantly associated
with chronic auditory dysfunction® and several experi-
mental studies in hyperlipemic animals have demonstrated
profound vacuolar and structural changes of the stria vas-
cularis and organ of Corti.?’

We found a significant difference in the final height of
TS subjects with and without SNHL. The association
between height and SNHL has been demonstrated in two
different population studies.>'> Our findings are also in
accordance with those of a previous study in which
a significant correlation between short stature and SNHL
was found in TS subjects.”® The Barker’s hypothesis
(“Thrifty Phenotype™) postulates that events during fetal
life may cause adult disease such as obesity, atherogenic
lipid profile, hypertension, insulin resistance, T2DM and
cardiovascular disease.>® These conditions are related to
reduced fetal growth. Turner syndrome is one of the most
frequent diseases to be accompanied by fetal growth
deficiency®’ and abnormal lipid and glucose profiles have
been related to low birth weight and length in TS
individuals.® Thus, it is possible that the association of
the components of MetS with SNHL in TS represents
comorbidities and reflects confounding factors rather than
etiopathogenic mechanisms.

Interestingly, in TS subjects with SNHL or CHL the
presence of pterygium colli had a negative effect on hear-
ing. A similar association between an apparent increase in
the prevalence of congenital heart disease in individuals
with TS and pterygium colli has been described.*® Jugular
lymphatic obstruction, may lead to compression of the neck
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blood vessels, resulting in reduced blood perfusion in devel-
oping craniofacial structures. However, in contraposition to
reduced blood flood, the cell cycle delay hypothesis postu-
lates that fetal programming of the GH-IGF-1 axis may
explain the association of these manifestations with short
stature and SNHL.*® During embryonic development, IGF-
1 is crucial for several organs, including the cochlea.>**°
Additionally, in TS, low IGF-1 serum levels are related to
poorer cochlear hearing function.”” A delayed cell cycle is
unfavorable to tissues developing rapidly during a short
time window, such as derivative structures of pharyngeal
and aortic arches. Due to the study design, we were unable
to evaluate this mechanism but analyzing the epigenetic
marks of the genes from the GH-IGF-I axis might help
clarify the association between short stature, craniofacial
anomalies, MetS and SNHL in TS.

The binary logistic regression demonstrated that the
model fitted the data and that the final model discriminated
SNHL among our TS subjects (P value =0.9939, Hosmer—
Lemeshow goodness of fit test). After testing multiple fac-
tors that could potentially be associated with SNHL, MetS
and pterygium colli were found to be the only two signifi-
cant accompanying factors to increase the likelihood of
having SNHL in this model. However, pterygium colli
does not have practical significance as it is an unmodifiable
variable. Therefore, considering the prevalence and strength
of association with SNHL, MetS was the sole modifiable
factor with clinical significance. HRT use, age or complete
deletion of Xp predicted a lower odds of having SNHL
when run together with MetS as associated factors in
a predictive binary logistic regression model for SNHL.

Limitations of This Study

This study has several limitations. First, cross-sectional
design of our study precludes interpretation of temporal
relationships. Our study design does not allow for the
determination of any causal association between compo-
nents of MetS and SNHL, and no inference can be made
for the general population. This issue may be addressed
with longitudinal data. In addition, because binary logistic
regression analyses are correlational, inferences about the
direction of causality should not be drawn. For example,
SNHL may have existed prior to MetS, rather than being an
effect of it. Thus, we were unable to determine if medical
intervention of any component of MetS would modify the
course, duration or severity of SNHL. Second, the authors
of this study had no access to hearing thresholds in
Venezuelan subjects. Thus, future research might want to

evaluate whether the analysis of hearing thresholds in TS
subjects could affect these findings. Thirdly, because of the
number of statistical tests performed in this study, the non-
parametric Kruskal-Wallis rank sum test followed by the
Dunn test for post hoc analysis was applied to reduce the
chances of obtaining a type I error (findings not shown). No
modifications to the initial results were found. However,
inaccurate results arising from multiple testing may still be
present. The sample sizes for each group (TS subjects (n=
93) and reference group (n= 57)) were relatively small,
resulting in even smaller sample sizes when broken down
into groups for analysis. This may cause inaccurate infer-
ences made from associated statistical tests. It may be
unnecessarily rigorous to perform so when there is a priori
evidence of some associations being tested. Thus, we sug-
gest these associations be further investigated and replicated
in other cohorts. Four, the mechanisms evaluating how
MetS could cause SNHL were not analyzed in this study
and we recognize that the relationship between HL and
most of the factors studied, so far, is uncertain and insuffi-
ciently documented. Further studies will be needed to
explain the underlying pathological mechanism connecting
MetS and SNHL, for example, the role of obesity-induced
low-grade inflammation and/or its related adipocytokines on
hearing thresholds. Lastly, the lack of data at birth, family
history and the degree of exposure to treatment (eg anti-
biotics (aminoglycosides), diuretics (furosemide) or expo-
sure to noise in our cohort are other limitations, which
should be controlled for both in future retrospective and
prospective studies, which should be controlled for both in
future retrospective and prospective studies.

Conclusion

In summary, SNHL was the most frequent type of hearing
loss found in our adult TS cohort. Women with TS and
SNHL were significantly shorter and had a higher weight,
BMI, WC, WHR, WHtR and blood pressures than non-
SNHL subjects. The prevalence of MetS was higher in
SNHL than in Non-SNHL TS subjects and MetS and its
individual components were associated factors for having
SNHL in our cohort. In addition, the proportion of external
craniofacial signs was significantly larger in TS subjects
with SNHL. Neither recurrent otitis media, nor HRT or
chromosomal constitution were associated to SNHL in our
TS cohort. Given the connection established between
SNHL and MetS in TS subjects, a reduction in the number
and severity of the components of MetS might potentially
contribute to reducing the progression of SNHL at younger
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ages. Further studies will be needed to explain the under-

lying pathological mechanisms connecting MetS and
SNHL.
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