
Prevalence and Characterization
of Thyroid Hemiagenesis in Japan:

The Fukushima Health Management Survey

Satoru Suzuki,1,2 Sanae Midorikawa,2,3 Takashi Matsuzuka,2,4 Toshihiko Fukushima,5 Yuko Ito,2,6

Hiroki Shimura,2,6 Hideto Takahashi,2 Tetsuya Ohira,2,7 Akira Ohtsuru,2,3

Masafumi Abe,2 Shinichi Suzuki,2,5 and Shunichi Yamashita2,8

Background: Thyroid hemiagenesis is a rare congenital variant characterized by the lack of development of one
thyroid lobe with no clinical manifestations.
Methods: This study was performed to determine the prevalence and characteristics of thyroid hemiagenesis in a normal
Japanese population. This cross-sectional study was performed from October 9, 2011, to April 30, 2015. In total, 299,908
children and young adults in the Fukushima Health Management Survey were examined to determine the presence of
thyroid agenesis or hemiagenesis. Thyroid width, thickness, and length were measured in 292,452 of these subjects.
Results: Thyroid agenesis was diagnosed in 13 subjects, and hemiagenesis was detected in 67 subjects (0.02%; 22.3/
100,000 individuals). Although there was no significant sex-related difference ( p = 0.067), the female:male ratio was
1.67:1.00. Females were significantly dominant in right hemiagenesis, while there was no difference in left hemiagenesis
between males and females. The thyroid volumes at the 2.5th and 97.5th percentiles for age and body surface area were
determined for each sex. Multivariate regression analysis showed that a large hemithyroid volume was independently
associated with the presence of contralateral hemiagenesis ( p < 0.001).
Conclusion: The prevalence of thyroid hemiagenesis in the present study is in agreement with that reported in other
countries. The prevalence of right hemiagenesis was higher in females, and the larger contralateral lobe in patients with
rather than without hemiagenesis may have been caused by a compensatory feedback mechanism to prevent hypo-
thyroidism. In addition, the prevalence of hemiagenesis, especially right hemiagenesis, may be affected by sex-related
factors similar to those in patients with an ectopic thyroid gland.
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Introduction

Thyroid hemiagenesis is a rare congenital variant
characterized by the lack of development of one thyroid

lobe with no clinical manifestations. Because neither clinical
symptoms nor signs are present, this variant may be inci-
dentally detected during ultrasound screening of the neck in
patients suspected to have thyroid- or other neck-associated
disorders or otolaryngological disorders.

Handfield-Jones (1) reported the first case of thyroid
hemiagenesis in 1866. Since then, numerous studies involv-
ing autopsies, postmortem examinations, and surgical cases

have been performed (2). The first reported prevalence of
thyroid hemiagenesis detected by systemic ultrasound ex-
amination in normal children and young adults was 0.2% in a
study conducted in Belgium (3).

After the Fukushima Daiichi Nuclear Power Plant accident
following the Great East Japan Earthquake in 2011, the Fu-
kushima prefectural government initiated the Fukushima
Health Management Survey, which involved mass ultrasono-
graphic thyroid screening. A request was made to clarify the
existence of effects of low-level radiation exposure such as
thyroid abnormalities, especially thyroid cancer, in Fukushima
Prefecture (4). This request was based on the significant
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increase in cases of radiation-associated thyroid cancer fol-
lowing the Chernobyl accident in 1986 (5). Throughout the
course of the study, approximately 70 patients with asymp-
tomatic thyroid deformity were identified. No reports to date
have mentioned either the prevalence of thyroid hemiagen-
esis in Japan or the presence/absence of hemiagenesis among
nearly 300,000 subjects systematically estimated worldwide.
This study describes the difference in the occurrence of
thyroid hemiagenesis between the right and left sides and
between sexes, as well as the prevalence of hemiagenesis in
Japan. It also provides statistical evidence of enlargement of
the intact thyroid lobe in patients with hemiagenesis using
reference thyroid volume parameters to substantiate the
presence of compensatory hypertrophy of the thyroid gland.

Materials and Methods

Primary thyroid ultrasound examination

The thyroid ultrasound examination of the Fukushima
Health Management Survey was performed on approxima-
tely 360,000 subjects who were living in Fukushima Pre-
fecture at the time of the accident and were aged £18 years on
March 11, 2011, as previously reported (6). In brief, the
participation rate was 80.2% for subjects aged 0–23 years at
the time of the first baseline survey. An ultrasound volumetric
examination was performed using a commercial ultrasound
machine equipped with a linear array probe (10–12 MHz),
and all subjects were evaluated for the presence thyroid
nodules and cysts (7). The width, thickness, and height of
each lobe were measured, and the volume of each lobe was
calculated using the mean elliptical shape volume, deter-
mined as follows: p/6 · width · thickness · height. In addi-
tion, any extra- or intrathyroidal ultrasound abnormalities
(e.g., dysgenesis of the thyroid, lymph node swelling, or
enlargement of the intrathyroidal thymus, ultimobranchial
body, and/or thyroid) were detected. The frequencies of
thyroid agenesis and hemiagenesis were calculated among
299,908 subjects. Some data were not obtained for 3044
subjects because of difficulty performing the thyroid mea-
surements. In addition, the quality of either the height or
weight measurement was unsatisfactory for 4412 subjects;
these individuals were eliminated from the study. In total,
292,452 subjects (147,575 males) were completely examined
and underwent thyroid volume assessment. The subjects with
thyroid hemiagenesis were subsequently compared to normal
subjects. The normal thyroid volume for each sex and age
was calculated using data from all 292,452 subjects after
excluding 79 subjects with agenesis or hemiagenesis with
complete determination of the body surface area. The body
surface area was calculated by the DuBois formula (8). The
current study was approved by the Ethics Committee of

Fukushima Medical University (No. 1318). Written informed
consent was obtained from all surveyed subjects or the par-
ents of subjects <18 years of age. Brief medical records, such
as data regarding medications, medical history, and family
history, were obtained by a questionnaire. The raw data used
to create all tables in the present study are unavailable due to
a restriction outlined in the informed consent agreement.

Statistical analysis

Fisher’s exact test for categorical variables was used to
compare differences in right, left, and right + left (total)
hemiagenesis between the two sexes using IBM SPSS Statis-
tics for Windows v19 (IBM Corp., Armonk, NY; Table 1). The
difference in the thyroid volume was analyzed using analysis
of covariance (ANCOVA). All p-values refer to ANCOVA,
adjusted for sex, age, and sex- and age-specific body surface
area. Because the body surface area was closely associated
with age at the time of surveying (Pearson’s correlation coef-
ficient = 0.918), sex and age adjustments were applied for body
surface area using a residual model when performing all ana-
lyses. Further, because the body surface area was closely as-
sociated with the body mass index (Pearson’s correlation
coefficient = 0.734), the body mass index was eliminated as a
covariate. Multivariate regression analysis was used to deter-
mine whether sex, age, sex- or age-specific body surface area,
or the presence/absence of hemiagenesis independently af-
fected the contralateral hemithyroid volume.

Results

Prevalence of thyroid agenesis as determined
by thyroid ultrasound examination

Among all 299,908 subjects, 13 (12 female) had agenesis
of both thyroid lobes. All 13 subjects were taking medication
or receiving routine checkups for thyroid function at the time
of the survey.

Prevalence of thyroid hemiagenesis
characterized by laterality

As shown in Table 1, 67 (0.02%) subjects had left or right
hemiagenesis. The prevalence of right hemiagenesis (12
subjects) was significantly lower than that of left hemiagen-
esis (55 subjects; p < 0.001).

Prevalence of thyroid hemiagenesis
characterized by sex

The female:male ratio was 1.67:1.00, although there was
no significant difference ( p = 0.067). Specifically, right
hemiagenesis was diagnosed in 12 subjects, 10 of whom were

Table 1. Prevalence of Thyroid Hemiagenesis by Sex and Laterality

Hemiagenesis

Number of subjects with hemiagenesisRight Left
Number of

subjects n % p n % p n % p

Female 148,534 10 0.007 0.021 31 0.021 0.346 41 0.028 0.067
Male 151,374 2 0.001 24 0.016 26 0.017
Totals 299,908 12 0.004 55 0.018 67 0.022
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female. The female:male ratio was 5.4:1.0, with a significant
difference ( p = 0.021). In total, 31/55 subjects with left
hemiagenesis were female, and the female:male ratio was
1.3:1.0. There was no significant difference ( p = 0.346) be-
tween the two sexes. Ectopic thyroid tissue was not detected
by ultrasound in any subjects.

Thyroid volume by sex and age
as measured by ultrasound

The box-and-whisker plot in Figure 1 shows the 2.5th,
25th, 50th, 75th, and 97.5th percentiles of the thyroid volume
according to sex and age. Supplementary Tables S1 and S2
show the 2.5th and 97.5th percentiles of width, thickness,
height, and volume for each sex according to age and body
surface area, respectively (Supplementary Data are available
at www.liebertpub.com/thy).

Thyroid volume in subjects with hemiagenesis

Multivariate regression analysis demonstrated that sex,
age, body surface area, and hemiagenesis independently af-
fected the remaining hemithyroid volume (Table 2). Age was
the strongest factor affecting the hemithyroid volume among
the four factors studied. In addition, the sex- and age-specific
body surface area independently affected the hemithyroid
volume in either right or left hemiagenesis.

To compare the intact thyroid volume between subjects
with hemiagenesis and normal subjects, ANCOVA was
performed after adjusting for body surface area. As shown in
Table 3, the intact thyroid volumes in subjects with hemi-
agenesis were significantly larger than those of the ipsilateral
lobes in normal subjects after correcting for body surface
area. When the same analysis was performed between male

and female subjects and among four age groups, the results
were similar to those obtained from the entire cohort.

Discussion

This is the first in-depth survey of thyroid hemiagenesis and
calculation of reference values for thyroid volume by sys-
tematic ultrasound examinations of approximately 300,000
subjects aged 0–23 years in Japan.

All subjects were screened for bilateral thyroid agenesis by
performing an ultrasound examination. Subjects with an ec-
topic thyroid may have been included among those in whom
thyroid agenesis was detected. Thus, the actual number of
subjects with complete thyroid tissue defects may be lower
than the results of the present study show. The reported
overall prevalence of congenital hypothyroidism ranges from
0.025% to 0.050% (9), and the reported prevalence of con-
genital hypothyroidism in Japan is 0.028% (1/3472) (9).
Approximately 80–90% of reported cases are due to devel-
opmental defects of the thyroid gland (10). Thus, using the
findings of the two aforementioned studies, the calculated
prevalence of thyroid defects is 0.023–0.026%. However, the
prevalence of thyroid agenesis in the present study was lower
than that in previous reports. Because this study was based on
a voluntary survey and thyroid agenesis is symptomatic (in
contrast to hemiagenesis, which is asymptomatic), screening
bias is a possible explanation for the low prevalence of thy-
roid agenesis. Additionally, thyroid hormone replacement
may have resulted in shrinkage of the residual thyroid gland
in some subjects with agenesis.

Several reports have determined the prevalence of thyroid
hemiagenesis outside Japan. According to a study of an area
endemic for goiter, 16/71,500 (0.022%) subjects reportedly

FIG. 1. Box-and-whisker plots showing distributions of thyroid volume according to age and sex. The width, thickness,
and height of each lobe were measured, and the volume of each lobe was calculated by the mean elliptical shape volume,
determined as follows: p/6 · width · thickness · height. The sum of the volume of both lobes was the thyroid volume. The
boxes represent the 25th and 75th percentiles, and the horizontal lines within the box represent the median values. The
whiskers represent the 2.5th and 97.5th percentiles. Each value was plotted by age in (a) female and (b) male subjects.
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had thyroid hemiagenesis (11). In the same study, a large
meta-analysis revealed an estimated 0.05% prevalence of
thyroid hemiagenesis. There was a left-to-right ratio of thy-
roid hemiagenesis of 3.6:1.0, with an isthmus present in 44%,
and the female:male ratio was 3.0:1.0.

Among unselected 11- to 14-year-old schoolchildren from
southeastern Sicily, 12/24,032 (0.05%) subjects reportedly had

thyroid hemiagenesis. In that study, the female:male ratio was
1.0:1.4, and thyroid hemiagenesis developed in the left lobe in
all subjects (12). Furthermore, in a study of 4004 asymptomatic
schoolchildren in the iodine-sufficient area of northern Poland,
two (0.05%) subjects were found to have thyroid hemiagenesis
(13). In a Turkish study of a sample of the general population,
the prevalence of thyroid hemiagenesis detected using ultra-
sonographic screening was 0.25%. (14). A separate Turkish
study of 6242 subjects reported 10 (0.16%) cases of hemi-
agenesis (8 females), although all subjects were outpatients
with various disorders (15). In Japan, two (0.05%) cases were
reported among 4365 schoolchildren volunteering in an ultra-
sonographic study (16). Taken together, the findings of the
aforementioned reports demonstrate that the prevalence of
thyroid hemiagenesis is approximately 0.02–0.05% in normal
subjects. The reported prevalence, sex ratio, and laterality are
summarized in Table 4.

In the present study, 151,374 male and 148,534 female
subjects were investigated, in whom hemiagenesis was de-
tected in 0.016% and 0.027%, respectively. Although the
difference was not significant, female subjects were pre-
dominantly affected, indicating that the prevalence of and
sex-related difference in hemiagenesis are in agreement with
previous reports. However, no sex-related difference in left
hemiagenesis was observed in the present study. The sig-
nificant sex-related difference observed in right hemiagenesis
may indicate the contribution of sex-related factor(s) to the
development of right but not left hemiagenesis. A significant
female predominance was observed in the development of
ectopic thyroid glands but not in athyreosis (17). Genetic
factors in thyroid development may affect the predominance

Table 2. Association of Left (Upper Panel)
and Right (Lower Panel) Hemithyroid Volume

with Sex, Age, Sex- and Age-Specific Body

Surface Area, and Hemiagenesis

Factors Volume, mL [CI] p-Value

Left thyroid
Sex (male vs. female) 0.06 [0.055–0.069] <0.001
Age (per 1 SD increase)a 1.05 [1.046–1.053] <0.001
Sex-age-specific BSA

(per 1 SD increase)b
0.34 [0.340–0.347] <0.001

Right hemiagenesis
(bilateral vs. hemiagenesis)

1.38 [0.841–1.924] <0.001

Right thyroid
Sex (male vs. female) 0.04 [0.029–0.045] <0.001
Age (per 1 SD)a 1.28 [1.279–1.287] <0.001
Sex-age-specific BSA

(per 1 SD)b
0.43 [0.430–0.438] <0.001

Left hemiagenesis
(bilateral vs. hemiagenesis)

1.70 [1.399–1.991] <0.001

a1 SD: 5.0 years; b1 SD: 0.15 m2.
CI, confidence interval; SD, standard deviation; BSA, body

surface area.

Table 3. Thyroid Volume Assessment in Total Cohort, Each Sex, and Four Age Groups

After Adjustment for Sex, Age, and Sex-Age-Specific Body Surface Area

Normal controls (mL) n Hemiagenesis (mL) n p

All
Right 3.06 – 1.08a 292,398 4.75 – 1.10b 54 <0.001
Left 2.52 – 1.08 292,440 3.90 – 0.97c 12 <0.001

Female
Right 3.00 – 1.14 144,847 4.94 – 1.10 30 <0.001
Left 2.49 – 1.14 144,867 4.30 – 0.95 10 <0.001

Male
Right 3.12 – 1.15 147,551 4.54 – 1.08 24 <0.001
Left 2.55 – 0.77 147,573 2.01 – 0.95 2 —d

0–6 years
Right 1.29 – 0.52 68,249 1.80 – 0.46 21 <0.001
Left 1.10 – 0.52 68,268 1.85 – 0.40 2 —

7–11 years
Right 2.53 – 0.89 88,338 4.23 – 0.82 10 <0.001
Left 2.06 – 0.59 88,345 3.98 – 0.73 3 <0.001

12–16 years
Right 4.06 – 1.18 87,706 5.82 – 1.32 16 <0.001
Left 3.32 – 1.18 87,717 5.54 – 1.14 5 <0.001

17–23 years
Right 4.72 – 1.54 48,105 9.82 – 1.59 7 <0.001
Left 3.91 – 1.32 48,110 3.11 – 1.39 2 -

aData are shown as mean – standard deviation.
bValues were obtained from subjects with left hemiagenesis.
cValues were obtained from subjects with right hemiagenesis.
dBecause the sample number was <3, the p-value was not calculated.
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of thyroid dysgenesis, especially the development of hemi-
agenesis and ectopic thyroid in females. The laterality of
abnormal thyroid development may be affected by some sex-
related factors, similar to the development of ectopic thyroid.

The thyroid volume in Japanese children and young adults
who underwent thyroid ultrasound examination as the initial
preliminary survey from October 9, 2011, to March 31, 2012,
was previously reported (7). The current study reports the
thyroid volumes of a total of 292,428 children and young
adults, including the 2.5th and 97.5th percentiles of the thy-
roid volumes of subjects aged 20–22 years whose body sur-
face area was 1.9 and 2.0 m2 in females and 2.3 m2 in males.
Both iodine deficiency and excess result in an increased
thyroid volume, although measurement of the thyroid volume
with ultrasound should be standardized to improve compa-
rability (18). The reported median urinary iodine concen-
trations in Fukushima Prefecture were 180.5 lg/L in the
Hamadori area and 212.0 lg/L in the Nakadori and Aizu area
(19), indicating that the iodine intake is not at low levels that
may affect thyroid volume.

Because thyroid hemiagenesis is suspected to be congen-
ital, the contralateral thyroid is thought to be stimulated by
thyrotropin through a negative feedback mechanism that
compensates for the unilateral thyroid defect. Thus, sub-
clinical hypothyroidism may induce enlargement of the
thyroid gland in some cases. As expected, the presence of
hemiagenesis independently increased the volume of the in-
tact thyroid lobe among the factors of sex, age, and body
surface area. ANCOVA also showed that the intact lobes of
the thyroid in subjects with hemiagenesis were larger than the
ipsilateral lobes in normal subjects. These results were con-
sistent when the calculations were performed according to
sex and age group. Because only two subjects had hemi-
agenesis in the male group and the 17- to 23-year-old age
group, a statistical analysis was not performed. All statistical
analyses were performed after correction for body surface
area in terms of the relationship between thyroid volume and
hemiagenesis. Notably, hemiagenesis itself may cause
changes in body surface area because the thyroid volume was
associated with the body surface area in the present study and

the preliminary survey (7). To the best of the authors’
knowledge, this is the first report to provide statistical evi-
dence that an intact thyroid lobe in patients with hemiagen-
esis is larger than a healthy ipsilateral thyroid lobe.

In conclusion, the present study revealed that the prev-
alence of thyroid hemiagenesis is 0.02%, with a fe-
male:male ratio of 1.67:1.00. These data are equivalent to
those previously reported. It is possible that sex affects
thyroid morphogenesis, especially in terms of lateral de-
velopment of the gland, although further investigation is
needed to confirm this.
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Table 4. Overview of Subjects with Thyroid Hemiagenesis in Previous Studies and the Present Study

Subjects Location

Total
number

(n)
Hemiagenesis

(n)
Prevalence

(%)
Female:

male ratio
Left:

right ratio Reference

Patients with
goiter

Austria
and
Carinthia

71,500 16 0.02 1.33 15 (1 right hemiagenesis) (11)

Meta-analysisa Various
places

226,117 119 0.05 NA NA (11)

Aged 11–14 years Sicily, Italy 24,032 12 0.05 0.71 All left hemiagenesis (12)
Schoolchildren Northern

Poland
4004 2 0.05 Female

in all cases
All left hemiagenesis (13)

Thyroid disease Turkey 4833 12 0.25 0.64 All left hemiagenesis (14)
Thyroid disease Turkey 6242 10 0.16 NA 2.33 (15)
Schoolchildren Japan 4365 2 0.05 NA NA (16)
Aged 0–22 years Japan 299,908 67 0.02 1.67 4.58 Present

study

aSubjects included cases obtained from autopsies, surgeries, and imaging studies.
NA, not applicable.
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