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Abstract
Objective—To evaluate thyroid structure and function in patients with enlargement of the vestibular
aqueduct (EVA) and sensorineural hearing loss.

Design—Prospective cohort survey.

Setting—National Institutes of Health Clinical Center, a federal biomedical research facility.

Patients—The study population comprised 80 individuals, aged 1.5 to 59 years, ascertained on the
basis of EVA and sensorineural hearing loss.

Main Outcome Measures—Associations among the number of mutant alleles of SLC26A4;
volume and texture of the thyroid; percentage of iodine 123 (123I) discharged at 120 minutes after
administration of perchlorate in the perchlorate discharge test; and peripheral venous blood levels of
thyrotropin, thyroxine, free thyroxine, triiodothyronine, thyroglobulin, antithyroid peroxidase and
antithyroglobulin antibodies, and thyroid-binding globulin.

Results—Thyroid volume is primarily genotype dependent in pediatric patients but age dependent
in older patients. Individuals with 2 mutant SLC26A4 alleles discharged a significantly (P ≤ .001)
greater percentage of 123I compared with those with no mutant alleles or 1 mutant allele. Thyroid
function, as measured by serologic testing, is not associated with the number of mutant alleles.
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Conclusions—Ultrasonography with measurement of gland volume is recommended for initial
assessment and follow-up surveillance of the thyroid in patients with EVA. Perchlorate discharge
testing is recommended for the diagnostic evaluation of patients with EVA along with goiter,
nondiagnostic SLC26A4 genotypes (zero or 1 mutant allele), or both.

ENLARGEMENT OF THE VESTIBU-lar aqueduct (EVA) (OMIM 600791) is the most
common radiologic malformation of the inner ear associated with sensorineural hearing loss
(SNHL).1 It is a fully penetrant feature of Pendred syndrome (PDS)(OMIM274600).2 Pendred
syndrome is an autosomal recessive disorder that comprises SNHL, EVA with or without
cochlear and vestibularmal formations,3 and an iodine organification defect that may lead to
goiter.4,5

 CME available online at www.jamaarchivescme.com and questions on page 633

Pendred syndrome is caused by biallelic mutations in the SLC26A4 gene (OMIM 605646)6

encoding pendrin, a transmembrane exchanger of iodide, chloride, and bicarbonate ions that
is expressed in the inner earandthyroid. SLC26A4 mutations have also been detected in patients
with nonsyndromic SNHL and EVA (NSEVA).7,8 Two mutant alleles of SLC26A4 can be
identified in approximately one-third of patients with EVA, 1 mutant allele of SLC26A4 can
be found in another third, and no mutant alleles are detectable in the other third.9-11 Biallelic
SLC26A4 mutations typically cause bilateral EVA,although there may be rare cases of uni-
lateral EVA associated with biallelic variants encoding pendrin with residual anion exchange
function.12 The genotypic and phenotypic overlap of NSEVA and PDS has led to uncertainty
in their nosologic relationship.

The original sisters described by Pendred13 both had goiter, which is still frequently used to
distinguish between NSEVA and PDS. However, the majority of patients with SNHL and EVA
are ascertained prior to the potential onset of goiter in late childhood to early adulthood.14 In
addition, goiter due to PDS is incompletely penetrant, even in adulthood.14 Goiter is common
in the general population15; therefore, PDS phenocopies are common among patients with
EVA. Goiter is typically screened via palpation, which is not as sensitive as ultrasonography
for detecting nodules, nonnodular structural abnormalities, and enlargement of the thyroid.16

When ultrasonography has been used, sex- and age-specific normative data are rarely compared
to objectively confirm enlargement.

The perchlorate discharge test (PDT) is thought to be a more accurate way of detecting the
iodine organification defect associated with PDS. SLC26A4 mutations are believed to reduce
pendrin-mediated transport of iodide from the thyroid folliculocyte across its apical membrane
into the follicular lumen for organification. This results in an increase of iodide discharged
from the thyroid gland in response to potassium perchlorate, a competitive inhibitor of the
sodium-iodide symporter located in the basal membrane of the folliculocyte. However, the
conditions and criteria for the PDT are often not presented. The reported criterion for a positive
PDT result has ranged from 6% to 15% discharge at time points ranging from 30 to 120 minutes
after the administration of perchlorate. We previously observed a strong correlation of 2
detectable SLC26A4 mutations and a positive PDT result when consistent test interpretation,
radioisotope, route of administration, and pre-test counseling were used.11

We sought to clarify the nosologic status of PDS and NSEVA by rigorous thyroid evaluations
of 80 patients with EVA and hearing loss. We searched for correlations of thyroid
ultrasonography, PDT, and serologic test results with the number of pathogenic SLC26A4
mutations. We confirmed the strong association of 2 mutations with a positive PDT result and
found that thyroid gland volume is primarily genotype-dependent in pediatric patients with
EVA but age-dependent in older patients.
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METHODS
SUBJECTS

This study was approved by the Combined Neuroscience Institutional Review Board (National
Institutes of Health [NIH], Bethesda, Maryland). The eligibility criterion was EVA in at least
1 ear imaged by computed tomography (CT) or magnetic resonance imaging (MRI).
Enlargement of the vestibular aqueduct was defined as a diameter exceeding 1.5 mm at the
midpoint between the posterior cranial fossa and the vestibule of the inner ear or grossly
malformed overall morphologic features of the VA.1 Written informed consent was obtained
from all subjects or their legal guardians. Subjects comprised 80 previously reported
individuals with EVA and SNHL (43 female and 37 male [mean age, 11.5 years; range, 1.5-59
years]).11,12 Subjects self-identified race and ethnicity in accordance with our institutional
guidelines. Of the subjects, 89% were “white,” 5% were “more than 1 race,” 4% were “black
or African American,” and 2% were “unknown or not reported.” Ninety-six percent of subjects
reported their ethnicity as “not Hispanic or Latino” and 4% as “Hispanic or Latino.” All subjects
were evaluated at the NIH Clinical Center. Evaluations included a detailed medical history and
physical examination (S.P.P. or A.J.G.). Results of previous endocrinology evaluations were
obtained, when available, for review.

ULTRASONOGRAPHY
Ultrasonograms were reviewed by 1 radiologist (T.H.S.) to determine thyroid size and
structure. Three of the original examinations were not available for review. The patients were
scanned with a 12-MHz linear array transducer. The volume of each lobe was measured using
an ellipsoid model: width × length × thickness × 0.479.17,18 Lobe volumes were summed to
determine total thyroid volume (Tvol). Because Tvol is a function of age and sex, it was
compared with sex- and age-specific data to identify subjects with thyroid gland enlargement
and to permit comparison of Tvol across subjects. Thyroid volume was compared with the 97th
percentile of sex- and age-specific normative data for ages 6 to 12 years in the study by
Zimmerman et al18 and for ages 15 years and older in the study by Maravall et al.17

Normative Tvol data was not available for individuals younger than 6 years or aged 13 to 14
years. To classify goiter status in these subjects, 4 criteria were used. Each subject's Tvol
measurement was compared with a 97th percentile calculated from a sex- and age-specific
regression equation modeled on the data of Maravall et al17 and Zimmerman et al.18 The second
method was clinical judgment by a single radiologist (T.H.S.). In the third and fourth methods,
Tvol was compared with the adjacent age- and sex-specific normative data reported by
Zimmerman et al18 and Vitti et al.19 Thyroid volume was classified as goitrous if the findings
from 3 or more of the methods indicated that it was goitrous. Goiter status was classified as
equivocal when only the findings from 2 of the methods were concordant and within normal
limits when the findings from 3 or 4 of the methods indicated that Tvol was not enlarged.
Thyroid structural abnormalities were coded on the basis of presence or absence of nodules
and their number and size, presence or absence of calcifications or other inhomogeneities, and
the laterality of these features.

SEROLOGIC TESTING
Thyroid function was evaluated by measuring the blood concentration of thyrotropin (TSH);
thyroxine (T4) (Elecsys [Roche Diagnostics, Olathe, Kansas] and Immulite 2000/2500
[Siemens USA, Deerfield, Illinois] analyzers); free thyroxine (FT4) (Elecsys, Nichols [Nichols
Institute Diagnostics, San Clemente, California] and Immulite 2000/2500 analyzers);
triiodothyronine (T3) (Mayo Medical Laboratories, Rochester, Minnesota), thyroglobulin (Tg)
(Mayo Medical Laboratories, Immulite 2000, Nichols, and Immulite 2000/2500 analyzers),
antithyroid peroxidase (TPO) and antithyroglobulin (Anti-Tg) (Labotech Automated EIA
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[Adaltis, Montreal, Quebec, Canada] and DSX Automated EIA [Magellan, Chelmsford,
Massachusetts] analyzers); and thyroid-binding globulin (TBG) (Immulite 1000 and Immulite
2000/2500 analyzers).

Results of TSH and FT4 tests were analyzed in parallel to score each subject as frankly or
subclinically hypothyroid, euthyroid, or frankly or subclinically hyperthyroid. Frank
hypothyroidism was defined as an elevated TSH level in combination with a decreased FT4
level. Subclinical hypothyroidism was defined as an elevated TSH level in combination with
an FT4 level within normal limits. Frank hyperthyroidism was defined as a decreased TSH
level in combination with an increased FT4 level. Subclinical hyperthyroidism was defined as
a decreased TSH level in combination with an FT4 level within normal limits.

Antithyroid antibody status was classified on the basis of TPO and anti-Tg results: status was
positive if both results were positive, equivocal if 1 result was negative and the other positive,
and negative if both results were negative.

The methods and normative ranges for all of the serologic tests ordered through the NIH
Department of Laboratory Medicine changed in the years that testing was completed. Serologic
test results were therefore converted to categorical variables (eg, low, within normal limits,
high, positive, or negative) to permit direct comparison of data for all subjects. All T3 results
were discarded owing to a problem in sample processing after the use of serum separator tubes
for sample collection.20 The TSH, FT4, and T4 results of individuals (subjects 1530, 1556, and
1616) who did not discontinue levothyroxine therapy prior to evaluations at the NIH were
discarded from further analysis.

PERCHLORATE DISCHARGE TEST
A PDT was performed as previously described11 on subjects with bilateral EVA, goiter, or
both. The PDT results were reviewed by a single nuclear medicine physician (J.C.R.). The
result was scored as positive if the subject had greater than 15% discharge of iodine at 120
minutes after the administration of perchlorate. The test was considered uninterpretable if the
discharge values fluctuated above and below 15%. If a measurement was not available at 120
minutes, the nearest (within 30 minutes) time point was used.

SLC26A4 GENOTYPES
SLC26A4 genotypes have been previously reported.11,12 Six variants (c.-60A>G, IVS1-2A>G,
p.F335L, p.C565Y, p.L597S, and p.M775T) of indeterminate pathogenicity12 were considered
nonpathogenic for analyses in this study.

STATISTICAL ANALYSIS
One-way analysis of variance (ANOVA) was used to assess differences in mean ages among
independent groups categorized on the basis of number of SLC26A4 mutations. The Tukey
honestly significant difference test was used to perform post-ANOVA comparisons between
groups. Logistic regression was used to model a binary dependent variable (goiter) vs
independent factors (ie, number of mutant alleles, age, and sex). Linear regression was used
to model a continuous dependent variable (ie, percentage of iodine 123 [123I] discharge in
PDT) with respect to the same independent factors. Some regression analyses were stratified
to investigate age-specific relationships when appropriate.

The Fisher exact test was performed to assess association among categorical variables.
Nonparametric binomial tests were used to compare the prevalence of goiter in 2 populations.
Statistical significance was defined according to the criterion P<.05. All statistical analyses
were computed with SPSS software for Windows version 15 (SPSS Inc, Chicago, Illinois).

Madeo et al. Page 4

Arch Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2010 September 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



RESULTS
SUBJECTS

There were 47 subjects with no detectable mutant alleles, 12 subjects with 1 mutant allele, and
21 subjects with 2 mutant alleles of SLC26A4. One-way ANOVA with Tukey honestly
significant difference post hoc testing revealed no statistically significant differences in the
mean ages of individuals with 1 mutant allele compared with those with 2 or zero mutant alleles.
There was a statistically significant difference (P=.008) in the mean ages of individuals with
2 mutant alleles compared with individuals with no mutant alleles. This difference likely
reflects an ascertainment bias due to increased use of temporal bone imaging in the diagnosis
of childhood hearing loss within the past 20 years. To account for this between-group variance,
we stratified the subjects into subcohorts 10 years or younger and older than 10 years for some
of the analyses.

Seven subjects (subjects 1529, 1530, 1556, 1564, 1616, 1618, and 1377) were being treated
with levothyroxine prior to their evaluations at the NIH. One subject (subject 1556) had a right
partial thyroidectomy at approximately age 17 years. At age 35 years, a 24-hour 131I uptake
scan revealed significant thyroid hyperplasia with a possible cold nodule. At age 57 years, she
developed chest pain and a deviated trachea due to a large substernal left-sided goiter. She
underwent a left completion thyroidectomy at age 58 years. Pathological examination revealed
multifocal microscopic papillary carcinoma. The subject was treated with postoperative 131I
and levothyroxine.

ULTRASONOGRAPHIC RESULTS
Seventy-three subjects received thyroid ultrasonography (Figure and Table 1). One individual
(subject 1556) was classified as goitrous on the basis of her surgical history and findings.
Another (subject 1627) was classified as equivocal and dropped from further analysis. Of 70
subjects whose results were available for review, 23 (33%) had a Tvol that exceeded the 97th
percentile for age- and sex-specific normative data. Of 23 subjects with goiter, 13 (57%) had
2 SLC26A4 mutant alleles, and 6 of 47 subjects (13%) without goiter had 2 mutant alleles.
Among this cohort of 70 subjects, the sensitivity and specificity of thyroid ultrasonography
(Tvol >97th percentile) for 2 SLC26A4 mutant alleles was 68% (13 of 19) and 80% (41 of 51),
respectively (Figure and Table 1). The sensitivity and specificity were 60% (6 of 10) and 89%
(33 of 37), respectively, for subjects 10 years or younger and 78% (7 of 9) and 57% (8 of 14),
respectively, for subjects older than 10 years.

We modeled the relationship between goiter and age, sex, and number of SLC26A4 mutant
alleles (Table 2). A statistically significant increase (P=.004) in the odds ratio (OR) of
developing goiter (OR, 8.3; 95% confidence interval [CI], 2.0 to 34.7) was identified in the
total cohort when comparing individuals with 2 SLC26A4 mutant alleles with those with no
mutant alleles. Adjusting for sex and mutation status, the odds of developing goiter increased
by a factor of 1.1 for each 1-year increase in age. Thus, a 10-year difference in age translates
to a 2.6-fold increase in odds of developing goiter. In subjects 10 years or younger, only 2
mutant alleles had a statistically significant effect (OR, 21.9; 95% CI, 2.9 to 162.2) on the
likelihood of goiter. In the subjects older than 10 years, the only independent variable that
approached statistical significance (P=.08) was age (OR, 1.1; 95% CI, 1.0 to 1.3).

The prevalence of goiter was compared in subjects with EVA with no SLC26A4 mutant alleles
vs the general population (Table 3). Adult (age, 17-59 years) subjects had a statistically
significantly (P<.001) higher prevalence of goiter compared with the reference population.
There was no significant increase for subjects aged 10 to 16 years (P=.78) and 0 to 5 years
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(P=.06) but there was a significantly (P=.045) higher prevalence of goiter among subjects aged
6 to 9 years compared with the reference population.

Of 70 ultrasonograms, thyroid structural abnormalities were identified in 20 (29%) (Table 1).
Of 20 glands, 18 (90%) were uninodular or multinodular, 3 (15%) were inhomogeneous, and
1 (5%) had calcifications. Logistic regression models of the relationship between thyroid
structural abnormalities and the factors age, sex, number of SLC26A4 mutations, and goiter
were not interpretable owing to significant correlations among these factors.

PDT RESULTS
A PDT was completed at the NIH for 39 subjects. Three tests were uninterpretable and
discarded from further analysis One subject (subject 1616) received a PDT at an outside facility.
These results were not included in our analysis. Of 8 subjects with a positive PDT result, 7
(88%) had 2 SLC26A4 mutant alleles (Table 1). Conversely, 7 of 8 subjects (88%) with 2
mutant alleles had a positive PDT result. The sensitivity and specificity of the PDT for 2
SLC26A4 mutant alleles were 88% and 96%, respectively.

We used linear regression to model the relationship between the percentage of 123I discharged
at 120 minutes after administration of perchlorate and 3 factors (age, sex, and number of
SLC26A4 mutant alleles) (Table 4). There were statistically significant (P≤.001) increases in
the percentage of 123I discharged in subjects with 2 mutant alleles compared with either those
with no mutant alleles (27.3% [95% CI, 15.5% to 39.0%]) (Table 4) or those with 1 mutant
allele (27.0% [95% CI, 12.3% to 41.7%]) (data not shown). There was not a statistically
significant (P>.99) difference in percentage of 123I discharged (0.3%, 95% CI, −11.8% to
12.3%) in subjects with 1 mutant allele compared with those with no mutant alleles. These
relationships persisted in the age-stratified subcohorts (data not shown).

SEROLOGIC TEST RESULTS
Levels of FT4 and TBG were within normal limits for all patients and were discarded from
further analyses as individual variables. There were no significant differences in the serologic
test results when analyzed on the basis of number of SLC26A4 mutant alleles, goiter status, or
structural abnormalities of the thyroid. Of 71 subjects, 2 (3%) were subclinically hypothyroid
and 1 (1%) was subclinically hyperthyroid. Of 70 subjects, 3 (4%) had equivocal and 1 (1%)
had positive antithyroid antibody results (Table 1).

COMMENT
Although there was a statistically significantly higher prevalence of goiter in the 6- to 9-year
age group with zero SLC26A4 mutant alleles compared with the general population, this
difference is likely due to the detection method (palpation) used to identify goiter in the control
group.15 Manual palpation and routine clinical ultrasonographic examination of the 2 goitrous
subjects with EVA in this age group did not detect thyroid enlargement. Thyroid enlargement
was revealed only with quantitative volume measurements and comparison with age- and sex-
specific normative data. Our algorithm for classifying goiter status in subjects younger than 6
years or 13 to 14 years old, for whom normative Tvol data are not available, is probably too
complex for routine clinical use. A more limited but practical approach would be comparison
with adjacent age- and sex-specific normative data.18,19

The thyroid associated with PDS has been described as initially smooth and diffuse and later
becoming multinodular.14 Those conclusions may not fully reflect the natural history as
revealed by ultrasonographic investigation of a primarily pediatric population. Although our
cross-sectional study design did not permit the definition of “pregoitrous” structural or volume

Madeo et al. Page 6

Arch Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2010 September 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



changes in subjects with EVA, the possibility of presymptomatic detection and intervention
warrants a longitudinal study. Follow-up of structural abnormalities should include periodic
thyroid ultrasonography and may include other diagnostic tests or endocrinology consultation
for atypical nodules, gland enlargement, or thyroid function abnormalities or symptoms.

Our data do not support the hypothesis that thyroid serologic test results can be used to
distinguish among individuals with zero, 1, or 2 mutant SLC26A4 alleles. This may reflect the
cross-sectional design of our study and the comparatively young age distribution (mean age,
11.5 years) of our cohort. Some studies have reported a significant prevalence of subclinical
or frank hypothyroidism among individuals presumed to have 2 SLC26A4 mutant alleles, but
they were largely based on adult populations.14,21 In contrast, none of our subjects had clinical
evidence of frank hypothyroidism, even those who received levothyroxine therapy. For some
subjects, the goal of levothyroxine therapy may have been to stop or retard goiter progression
for cosmetic or compressive indications. Although our results indicate that thyroid serologic
testing is not a useful initial diagnostic screen for PDS, it remains important in the evaluation
and management of symptoms or signs of hypothyroidism, hyperthyroidism, goiter, or thyroid
structural abnormalities.

There was 1 case of thyroid cancer in our series of 80 individuals. There are published case
reports, but no estimates of the incidence, of thyroid cancer in individuals with PDS. It has
been suggested that thyroid cancer in individuals with PDS and untreated goiter may be a result
of chronic exposure to excessive thyrotropin.22,23 However, subject number 1556 had no
history of elevated thyrotropin levels. Thyroid cancer is a comparatively common malignant
neoplasm and may be a co-incidental comorbid condition in some individuals with PDS. Our
cohort with 2 mutant alleles of SLC26A4 is too small and too young to test the hypothesis that
PDS is associated with an increased risk of thyroid cancer.

Our current results confirm our previous observation of a strong correlation of 2 mutant alleles
of SLC26A4 with a positive PDT result.11 The 2 exceptions to this association are subjects
1447 (p. E384G and p.L597S alleles of SLC26A4) and 1847 (p.G209V and p.Q514R alleles
of SLC26A4). We classified subject 1447 as having 1 mutant allele, since p.E384G is a
functional null mutation but p.L597S is a hypofunctional variant with indeterminate pathogenic
potential.12 Her positive PDT result could thus reflect a pathogenic role for p.L597S in trans
configuration with a functional null allele.12 Alternatively, we cannot exclude the possibilities
of a subtle but significant motion artifact for the 123I measurements or that subject 1447
represents a genuine exception to the geno-type-phenotype correlation. In contrast, subject
1847 has 2 clearly pathogenic SLC26A4 alleles. However, some atypical aspects of her thyroid
phenotype may confound the interpretation of the PDT result. She had decreased TSH levels,
FT4 results within normal limits, negative results for antithyroid antibodies, and multiple solid
nodules. A fine-needle aspiration revealed an adenomatoid nodule with cystic changes. The
patient had no signs or symptoms of hyperthyroidism. She was counseled to have a
thyroidectomy and has not returned to the NIH.

A baseline thyroid ultrasonogram at initial diagnosis, followed by regular ultrasonographic
studies to monitor for enlargement, may be appropriate clinical surveillance for individuals
with EVA and hearing loss. Perchlorate discharge testing is recommended for the diagnostic
evaluation of goiter, nondiagnostic SLC26A4 genotypes (zero or 1 mutant alleles), or both in
patients with EVA. Further study will be necessary to evaluate the natural history and
prognostic significance of a slightly but significantly enlarged thyroid gland or a normally sized
gland with evidence of structural abnormalities. The clinician must weigh the potential benefit
of early identification of an enlarged gland and presymptomatic initiation of levothyroxine
therapy24 against the cost of ultrasonography and the identification of thyroid nodules of
indeterminate clinical significance. Levothyroxine therapy is more clearly indicated in an
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individual with goiter accompanied by evidence of functional hypothyroidism. Because
SLC26A4 mutations may lower the threshold for goiter when there is a slight decrease in dietary
iodine intake,25 iodine supplementation should be considered as a prophylactic treatment for
goiter. Longitudinal ultrasonographic studies of the thyroid gland in patients with EVA would
provide a foundation for the design and interpretation of those studies.
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Figure.
Measured thyroid volume (Tvol) of patients with enlargement of the vestibular aqueduct and
2 (black squares), 1 (white triangles), or no (light blue circles) mutant alleles of SLC26A4. A,
All female subjects; B, all male subjects; C, female subjects 15 years or younger; and D, male
subjects 15 years or younger. Sex-specific 97th percentiles are indicated by dark (Zimmerman
et al18 and Maravall et al17) or light blue lines (regression equation derived from Zimmerman
et al18 and Maravall et al17 97th percentile). The Tvol (151 cm3) for subject 1564 (44-year-old
man with 2 mutant alleles) is not shown because it is a distant outlier.
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Table 2

Logistic Regression Relationships of Goiter With Age, Sex, and Number of Mutant Alleles of SLC26A4 in
Subjects With EVA

Subjects With EVA Independent Factor No. of Subjects Odds Ratio (95% CI) P Valuea

All ages Age, y 70 1.1 (1.0-1.2) .008

Male sex 31 1.0 (0.3-3.7) .97

1 Mutant allele 9 2.5 (0.4-14.5) .32

2 Mutant alleles 19 8.3 (2.0-34.7) .004

Age ≤ 10 y Age, y 47 1.2 (0.9-1.8) .24

Male sex 23 0.4 (0.1-2.4) .33

1 Mutant allele 6 2.1 (0.2-26.8) .55

2 Mutant alleles 10 21.9 (2.9-162.2) .003

Age > 10 y Age, y 23 1.1 (1.0-1.3) .08

Male sex 8 4.6 (0.3-73.5) .29

1 Mutant allele 3 7.4 (0.2-256.0) .27

2 Mutant alleles 9 2.4 (0.1-46.0) .55

Abbreviations: CI, confidence interval; EVA, enlargement of the vestibular aqueduct.

a
Statistically significant differences are indicated in bold.

Arch Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2010 September 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Madeo et al. Page 14

Table 3

Comparison of Goiter Prevalence Among Subjects With EVA With No Mutant Alleles of SLC26A4 vs the General
Population Reported by Trowbridge et al15

Prevalence of Goiter

Age Range,y Present Study, No./Total No. (%) Trowbridge et al,15 % P Valuea

0-5 1/13 (7.7) 0.05 .06

6-9 2/18 (11.1) 1.9 .045

10-16 0/6 (0) 3.9 .78

17-59 4/5 (80) 4 1 <.001

Abbreviation: EVA, enlargement of the vestibular aqueduct.

a
Statistically significant differences are indicated in bold.
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Table 4

Linear Regression Relationships of PDT Percentage of 123I Discharge With Age, Sex, and Number of Mutant
Alleles of SLC26A4

Independent Factor Adjusted Percentage Change in 123I Discharge (95% CI) P Valuea

Age 0.0 (–0.4 to 0.4) .88

Male sex –4.3 (–13.2 to 4.5) .33

1 Mutant allele 0.3 (–11.8 to 12.3) .97

2 Mutant alleles 27.3 (15.5 to 39.0) <.001

Abbreviations: CI, confidence interval; 123I, iodine 123; PDT, perchlorate discharge test.

a
Statistically significant differences are indicated in bold.
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