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Background: In utero exposure to thalidomide causes a wide range of birth
defects, including phocomelia, hearing loss and visceral disorders, known as
thalidomide embryopathy (TE). Fifty years after the first report of TE, we
conducted the first cross-sectional multicenter study to investigate the
development of lifestyle-related diseases and identify risk factors for visceral
disorders in subjects with TE. Methods: Seventy-six cases with TE (31 men,
45 women) underwent medical examinations between 2011 and 2014 to
determine the types of TE-related anomalies (limbs, auditory organs, or
visceral organs) and lifestyle-related diseases present. Logistic multiple
regression analyses, adjusted for gender and age, were conducted between
TE and lifestyle-related diseases and to evaluate association between block
vertebra and gallbladder aplasia. Results: Fatty liver (FL), nonalcoholic FL
disease and dyslipidemia were detected in 52.6%, 35.0%, and 23.7% of
subjects, respectively, with higher incidences among men. Dyslipidemia was
detected in 40.0% of subjects with FL and was significantly associated with

FL (odds ratio 5 8.86; p 5 0.008). Block vertebrae were detected in 44.4% of
subjects with gallbladder aplasia, and this association was significant (odds
ratio 5 9.96; p 5 0.006). Conclusion: Subjects with TE have also a risk for
lifestyle-related disease as well as the general Japanese population. In
addition, cervical spine radiography and magnetic resonance imaging are
recommended to assess block vertebrae in subjects with TE with gallbladder
aplasia who develop shoulder pain.
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Introduction
Thalidomide (a-[N-phthalimido]-glutarimide) was first mar-
keted in 1957 as a sedative in Germany, where it was pro-
moted to alleviate nausea and morning sickness in pregnant
and nursing women due to its rapid onset of effects and
apparent safety. Thalidomide was then made available in
over 46 countries (Friedman and Kimmel, 1999; Miller and
Str€omland, 1999; Yasui et al., 2005). In Japan, thalidomide
was first marketed in 1958 under the trade name Isomin as
a sleep-inducing agent. Afterward, Pro-ban M, containing a
small amount of thalidomide, entered the market in 1960

for the treatment of digestive ulcers (Kayamori, 2014).
Although thalidomide was initially considered extremely
safe, the occurrence of phocomelia in newborns of women
who took thalidomide during early pregnancy (36–56 days
after the last menstrual period; Kayamori, 2013a) was first
recognized in 1961 (Friedman and Kimmel, 1999). In Japan,
thalidomide embryopathy (TE) was first reported in 1959,
and the number of cases peaked in 1962. A total of 309
cases of TE have been recognized in Japan (Kayamori, 2014)
and, of these, 294 individuals survive as of January 2015.
Globally, there are an estimated 5850 cases of TE (Kaya-
mori, 2014). Shortly thereafter, thalidomide was withdrawn
from the market worldwide (Friedman and Kimmel, 1999).

In the late 1990s, the immunomodulating effects of thali-
domide were described. Five decades after its introduction,
thalidomide was found to be useful for the treatment of ery-
thema nodosum leprosum, aphthous ulceration in HIV infec-
tion, inflammatory bowel disease, and multiple myeloma.
Thalidomide inhibits the expression of tumor necrosis factor-
a and proliferation of infiltrating lymphocytes and vascular
endothelial cells in relation to tumor angiogenesis (Yasui
et al., 2005). In addition, thalidomide interferes with angio-
genesis and causes a variety of birth defects (Stephens et al.,
2000; Kayamori, 2013b). Most cases of TE are characterized
by developmental abnormalities of the limbs and/or auditory
organs (Kayamori, 2013a). In Japan, 75% of TE cases exhibit
abnormalities of the limbs (Kayamori, 2014), although vis-
ceral disorders, including cardiac anomalies, gallbladder apla-
sia, and anal atresia, have also been reported. Among limb
abnormalities, deformities range from amelia (lacking upper
and/or lower limbs) to hypoplasia of the thumb. The severity
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of auditory abnormalities is determined by the degree of
deafness. These abnormalities are often accompanied by
aplasia of the abducens and facial nuclei (Kayamori, 2013a).

New cases of TE continue to be reported in countries
with less strict regulations, such as Brazil (Castilla et al.,
1996; Lary et al., 1999; Schuler-Faccini et al., 2007), where
women still take thalidomide during pregnancy and, sub-
sequently, babies are born with deformities, including pho-
comelia. Furthermore, the first infants diagnosed with TE
are currently approximately 50 years old, although the
current health status of this population remains poorly
understood, leading to inefficient treatments. Therefore, a
multicenter survey was conducted in Japan from 2011 to
2014 to investigate the manifestations of TE in individuals
aged around 50 years. Generally, the incidence of meta-
bolic syndrome (MS) increases with age among the Japa-
nese population (Ministry of Health, Labour and Welfare,
Japan, 2013). Therefore, we investigated the frequency of
lifestyle-related diseases, such as MS and visceral disor-
ders, in adults with TE.

Materials and Methods
STUDY POPULATION

A multicenter survey was conducted in Japan from 2011
to 2014 by the National Center for Global Health and Med-
icine, Teikyo University School of Medicine and National
Hospital Organization, Kyoto Medical Center. Seventy-six
adults with TE who agreed to receive medical examina-
tions were included in this study: 40 subjects (18 men
and 22 women) who visited the National Center for Global
Health and Medicine, 18 subjects (9 men and 9 women)
who visited Teikyo University School of Medicine and 18
subjects (4 men and 14 women) who visited the National
Hospital Organization, Kyoto Medical Center. There were
no exclusion criteria. This study was performed in along
with the public service corporation, ISHIZUE foundation,
which is a foundation for the welfare of thalidomide vic-
tims in Japan. The ISHIZUE foundation chose the partici-
pants from 286 subjects who belong to the foundation.
The participants were chosen as “healthier” subjects, i.e.,
they were healthy or outpatients. During the study and
after its completion, there were no deaths to report. The
study protocol was approved by the Ethics Committee of
The National Center for Global Health and Medicine
(NCGM-G-001031-04), and all participants provided writ-
ten informed consent.

STUDY DESIGN

This cross-sectional study was conducted to analyze asso-
ciations between TE and lifestyle-related diseases, includ-
ing MS.

CRITERIA FOR CLASSIFICATION OF IMPAIRMENTS

The subjects with TE were divided into three groups the
limb group, the auditory organ group, and the mixed

group. The limb group contained participants with abnor-
malities of the limbs, the auditory organ group contained
those with hearing loss (mainly sensorineural deafness or
mixed hearing loss) and the mixed group contained those
with both limb and auditory abnormalities. Other cranial
nerve abnormalities were not classified in this study.

DEFINITION OF RISK FACTORS

The health check-up examinations included the following:
physical assessment, somatometry (height, body weight,
and abdominal circumference), blood pressure, complete
blood count, blood biochemistry, urinalysis, pulmonary
function, electrocardiography, abdominal ultrasonography,
chest radiography, upper gastrointestinal endoscopy, visual
acuity, tonometry, ocular fundus assessment (retinal pho-
tography), audiometry (hearing test), bone mineral density
examinations (only for half of the subjects), whole body
computed tomography, and craniocervical X-ray. In addi-
tion, women underwent gynecological examinations (inter-
nal examination, endovaginal ultrasonography, and cervical
cytology) as well as breast cancer screening (clinical
breast examination, mammography, and mammary
ultrasonography).

The potential risk factors for lifestyle diseases were
defined as follows: (1) diabetes mellitus (DM): fasting
plasma glucose �126 mg/dl and hemoglobin A1c (National
Glycohemoglobin Standardization Program value) �6.5%
and/or taking medications for DM; (2) hyperuricemia: uric
acid >7 mg/dl and/or taking medications for hyperurice-
mia; (3) MS was diagnosed using the 2005 guidelines
defined by the Evaluation Committee on Diagnostic Criteria
for Metabolic Syndrome of Japan (Matsuzawa, 2005),
including central obesity (waist circumference: �85 cm for
men; �90 cm for women) and at least 2 of the following
conditions: elevated blood pressure (systolic blood pressure
�130 mmHg), previous treatment for hypertension and
dyslipidemia (hypertriglyceridemia [serum triglyceride lev-
els �150 mg/dl] and/or high-density lipoprotein choles-
terol [HDL-C)]<40 mg/dl), previous treatment for
dyslipidemia and impaired fasting glucose (IFG) �110 mg/
dl or previous treatment for DM and (4) left ventricular
hypertrophy (LVH): SV11RV5� 3.5 mV and RV5� 2.6 mV
on electrocardiography (Sokolow and Lyon, 1949) or (5)
nonalcoholic fatty liver disease (NAFLD) defined as fatty
liver (FL) without hepatitis B or C virus infection or a his-
tory of alcohol abuse (>20 g of ethanol per day). FL was
diagnosed using abdominal ultrasonography with findings
of high hepatorenal echo contrast, liver brightness and/or
deep attenuation.

Of note, blood pressure is very difficult to measure in
the affected limbs of subjects with TE. Therefore, systolic
blood pressure was measured in a recumbent position
using this equation: prediction of upper limb5 0.88 3

(blood pressure in lower limb measured by an S-size cuff
[average blood pressure in both sides]) (Shimbo et al.,
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2014). Diastolic blood pressure was not measured because
there is currently no standardized protocol for TE-affected
limbs.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS statistical
software (version 21; IBM SPSS, Inc., Armonk, NY). We
investigated the frequency of lifestyle-related diseases
among subjects with TE. The association between FL and
risk factors was examined by multivariate logistic regres-
sion analysis. We also examined the association between
visceral disorders by multivariate logistic regression analy-
sis. A p value of <0.05 was considered statistically
significant.

Results
A total of 76 subjects with TE (31 men and 45 women)
aged 47 to 54 years (mean age: 50.261.2 years) were
included in this study. The frequency of lifestyle-related
diseases among male and female subjects is shown in
Table 1. Hypertension (46.7%), FL (52.6%), and NAFLD
(35.0%) were the most common health issues encountered
in these subjects. Approximately 25% of subjects had cen-
tral obesity, dyslipidemia and IFG, although only 5.0%
were diagnosed with DM. In addition, LVH and hyperurice-
mia were also major concerns for subjects with TE, with

frequencies of 17.1% and 21.1%, respectively. Overall, men
were more susceptible than women to lifestyle-related dis-
eases, with the exception of LVH and DM.

Combinations of central obesity and hypertension, dys-
lipidemia or IFG were reported in 3.0% to 6.1% of sub-
jects with TE (Table 1). In contrast, MS combined with
central obesity and 2 of these conditions affected 1.5% to
4.5% of subjects, except for MS (dyslipidemia1 IFG).
There were no gender-specific differences in the incidence
of lifestyle-related diseases, except for central obesity with
dyslipidemia, which was not detected in female subjects.
In this study, only men developed MS. Taken together,
these data demonstrated that men were at a higher risk
than women for the development of lifestyle-related dis-
eases, including MS.

Dyslipidemia was detected in 40.0% of subjects with
FL and 71.4% of subjects with NAFLD (data not shown).
Therefore, multivariate logistic regression analysis was
conducted to identify the risk factors for FL in subjects
with TE. As shown in Table 2, age and gender were not
identified as risk factors for FL. Regression model analysis
adjusted for age and gender revealed that dyslipidemia
was significantly associated with FL (odds ratio5 8.86;
p5 0.008). Hypertension was not significantly associated
with LVH, although hypertension was detected in 58.3% of
subjects with LVH.

TABLE 1. Impact of Gender on Lifestyle-Related Diseases and Metabolic Syndrome in Subjects with Thalidomide Embryopathy

Factors Total Males Females

Hypertension 35/75 (46.7%) 19/31 (61.3%) 16/44 (36.4%)

Fatty liver 40/76 (52.6%) 22/31 (70.9%) 18/45 (40.0%)

NAFLD 14/40 (35.0%) 11/18 (61.1%) 3/22 (13.6%)

Central obesity 16/66 (24.2%) 10/23 (43.5%) 6/43 (14.0%)

Dyslipidemia 18/76 (23.7%) 11/31 (35.5%) 7/45 (15.6%)

IFG 14/76 (18.4%) 11/31 (35.5%) 3/45 (6.7%)

Diabetes mellitus 2/40 (5.0%) 1/18 (5.6%) 1/22(4.5%)

LVH 13/76 (17.1%) 6/31 (19.4%) 7/45 (15.6%)

Hyperuricemia 16/76 (21.1%) 13/31 (41.9%) 3/45(6.7%)

Central obesity 1 hypertension 4/66 (6.1%) 1/23 (4.3%) 3/43 (7.0%)

Central obesity 1 dyslipidemia 3/66 (4.5%) 3/23 (13.0%) 0/43 (0.0%)

Central obesity 1 IFG 2/66 (3.0%) 1/23 (4.3%) 1/43 (2.3%)

MS (hypertension 1 IFG 1 dyslipidemia, hypertension 1 IFG, hypertension

1 dyslipidemia, dyslipidemia 1 IFG)

5/66 (7.6%) 5/23 (21.7%) 0/43 (0.0%)

MS (hypertension 1 IFG) 1/66 (1.5%) 1/23 (4.3%) 0/43 (0.0%)

MS (hypertension 1 dyslipidemia) 3/66 (4.5%) 3/23 (13.0%) 0/43 (0.0%)

MS (dyslipidemia 1 IFG 0/66 (0.0%) 0/23 (0.0%) 0/43 (0.0%)

NAFLD, nonalcoholic fatty liver disease; IFG, impaired fasting glucose; LVH, left ventricular hypertrophy; MS, metabolic syndrome
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Gallbladder aplasia was diagnosed in 10 (13.2%) of 76
subjects with TE (5 men and 5 women), and all belonged
to the limb group or mixed group (Table 3). Block verte-
bra was detected in 4 (44.4%) subjects (2 men and 2
women) with gallbladder aplasia (Table 4). Multivariate
logistic regression analysis identified block vertebra as a
significant risk factor for gallbladder aplasia in subjects
with TE (odds ratio5 9.96; p5 0.006). Overall, 87.5% of
subjects with block vertebrae were in the limb group or
mixed group. No subject with gallbladder aplasia devel-
oped auditory complications.

Discussion
Decades ago, thalidomide was banned for the treatment of
nausea in pregnant women due to the high risk of severe
birth defects. Nonetheless, the survivors are now adults
and require special treatment to cope with their unique
challenges. Therefore, the aim of the present multicenter
study was to document the types of deformities and
lifestyle-related diseases that developed in subjects due to
the physical limitations of TE. This survey identified
aspects of lifestyle-related diseases among subjects with
TE that should be targeted to improve health and quality
of life.

Most of the deformities in surviving Japanese cases
with TE were of the upper and/or lower limbs, followed
by the auditory organs and visceral organs. Japanese cases
with TE were divided into three groups based on the type
of disorders they had limb, auditory and mixed. In several

auditory organ cases, there is an absence or underdevelop-
ment of the abducens and facial nerve nuclei or their
peripheral nerves. The oculomotor nerve compensates for
the aplasia of the abducens nucleus or nerve, resulting in
Duane’s syndrome. Facial nerve paralysis and Bogorad’s
syndrome also are common complications (Kayamori,
2014). The most common lifestyle-related disease diag-
nosed in Japanese subjects with TE was hypertension,
which affected nearly half of the study participants. In
contrast, central obesity was observed in 24.2%. Although
the lack of exercise is a known cause of central obesity, it
may be difficult for cases with both limb deformities and
auditory problems to exercise. It is important to consider
the limitations of blood pressure and central obesity meas-
urements in cases with TE with limb deformities. Hyper-
tension measurements in subjects with TE are biased
because there is no definite estimate for diastolic blood
pressure in deformed lower extremities. Hypertension can
only be estimated through predictions for upper limb sys-
tolic pressure from corrected lower limb blood pressure
measured with an S-size cuff. If the perimeter of the upper
limbs is too small because of the handicap, blood pressure
may be underestimated. Moreover, it is difficult to measure
blood pressure of subjects with TE with limb deformities,
thus it is difficult to clinically control hypertension.

Furthermore, the definition of obesity in subjects with
TE using body mass index may not be accurate without
consideration of the missing weight of the affected limbs.
Although subjects with a body mass index� 25 are

TABLE 2. Multivariate Logistic Analysis of Risk Factors of Fatty Liver in Subjects with Thalidomide Embryopathy

Factors Subjects with FL Subjects without FL Adjusted OR(95% CI) p value

Number (%)

Age 0.97 (0.59–1.61) 0.91

Male 22/40 (55.0%) 9/36 (25.0%) 2.16 (0.64–7.29) 0.22

Female 18/40 (45.0%) 27/36 (75.0%)

Dyslipidemia 16/40 (40.0%) 2/36 (5.6%) 8.86 (1.75–44.95) 0.008

Hypertension 22/39 (56.4%) 13/36 (36.1%) 1.66 (0.53–5.20) 0.38

Impaired fasting glucose 10/40 (25.0%) 4/36 (11.1%) 2.00 (0.45–8.92) 0.36

OR, odds ratio; CI, confidence interval; FL, fatty liver.

TABLE 3. Proportions of Disorder Type and Gallbladder Aplasia

Factors The limb group The auditory organ group The mixed group

Number (%)

Male 17/31 (54.8%) 8/31 (25.8%) 6/31 (19.4%)

Female 27/45 (60.0%) 7/45 (15.6%) 11/45 (24.4%)

Gallbladder aplasia 6 (2 males, 4 females)/76 (7.9%) 0/76 (0.0%) 4 (3 males, 1 female)/76 (5.3%)
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considered obese, certain subjects with a body mass index-
<25 may also be considered obese. Therefore, the defini-
tion of obesity herein was limited to waist circumference,
which is considerably less reliable. Nonetheless, these
measurements can be valid to determine differences
between genders. Our data demonstrated that men were
approximately 1.5- to threefold more likely to develop
hypertension and obesity than women. This gender ratio
was similar to the general Japanese population (Ministry
of Health, Labour, and Welfare of Japan, 2013).

Lifestyle-related diseases in subjects with TE can be
accurately diagnosed by measurements of dyslipidemia,
hyperglycemia and hyperuricemia, which are known
markers of arteriosclerosis. In our study, these conditions
affected approximately 25% of subjects with TE. Further-
more, dyslipidemia was detected in 71.4% of subjects with
NAFLD and was significantly associated with FL. NAFLD is
no longer considered a primary liver disease, but rather a
component of MS, insulin resistance and lifestyle-related
diseases, such as diabetes, dyslipidemia and hypertension
(Ikai et al., 1995; Reid, 2001; Akahoshi et al., 2001; Donati
et al., 2004; Hamaguchi et al., 2005; Targher et al., 2007;
Fan et al., 2007; Leite et al., 2009; Fu et al., 2011; Siddiqui
et al., 2013). The frequency of NAFLD is 10% to 50%
worldwide and 10% to 40% among Japanese adults, as
determined by annual health screenings by means of
abdominal ultrasonography (Ikai et al., 1995; Akahoshi
et al., 2001; Hamaguchi et al., 2005; Jimba et al., 2005;
Fan et al., 2007; Williams et al., 2011; Vernon et al., 2011;
Hashimoto et al., 2015). In our study, NAFLD was
observed in 35.0% of subjects with TE, which was consist-
ent with the frequency in the general Japanese population.
We also demonstrated that men were four- to fivefold
more likely to develop NAFLD than women. Jimba et al.
(2005) and Eguchi et al. (2012) reported that men were
more susceptible to NAFLD than women. The differences
in age and gender observed in this study were caused by
differences in the rate of obesity and lifestyle-related dis-
eases (Hashimoto and Farrell, 2009). Kojima et al. (2003)
reported that the rate of FL in men remained almost
unchanged in the >30-year-old group, while the rate grad-
ually increased with age in women and the prevalence of

FL eventually became equal between men and women in
the 60- to 69-year-old group. These results suggest an
influence of female hormones on FL development. Estro-
gen suppresses visceral fat accumulation and increases
subcutaneous fat accumulation (Yoshida et al., 1991);
therefore, a decrease in estrogen activity may increase the
accumulation of visceral fat, resulting in the development
of FL (Kojima et al., 2003).

In contrast, the high incidence of MS cannot be entirely
attributed to the lack of regular exercise because only Jap-
anese men with TE, but not women, developed MS. There-
fore, gender-specific characteristics appear to play a major
role in the development of metabolic disease in the Japa-
nese population, and there may be a association between
sex hormones and MS. Tanaka et al. (2005) reported that
among females aged �50 years, nearly half of those with
at least moderate insulin resistance developed MS,
whereas <30% of females in Okinawa prefecture aged
<50 years were found to have MS. There was no similar
phenomenon among males. Hence, female hormones might
inhibit the development of MS.

Tanaka et al. (2005) also reported that the prevalence
of abdominal obesity was lower than that of low HDL-C
among females in Okinawa prefecture, which might explain
the lower rate of MS among women compared with that
among men. Therefore, it may be necessary to separately
define criteria for abdominal obesity from visceral fat-type
obesity for the diagnosis of MS among Japanese females.

Malformations in TE cause a gradual loss of muscle
mass and strength leading to pain due to overuse syn-
drome, which includes stenosing tenosynovitis, carpal tun-
nel syndrome, coxarthrosis, shoulder pain, poor posture,
and backache. The causes of shoulder pain include block
vertebrae, which were detected in 24 (11.1%) of the 217
subjects with TE diagnosed with this anomaly of the cervi-
cal vertebrae. The range of motion in block vertebrae is
limited and overload is applied on the anteroposterior sur-
face, which causes shoulder stiffness, pain and accelerated
degeneration of these vertebrae (Kayamori, 2013a). Block
vertebrae also weaken the muscles of the upper limbs and
induce intermittent headaches and cervical pain (Yoshi-
zawa et al., 2012). In the present study, block vertebrae

TABLE 4. Multivariate Logistic Regression Analysis of Risk Factors of Gallbladder Aplasia in Subjects with Thalidomide Embryopathy

Factors Gallbladder aplasia No gallbladder aplasia Adjusted OR(95% CI) p-value

Number (%)

Age 0.93 (0.41–1.81) 0.831

Male 5/10 (55.6%) 26/66 (60.6%) 1.09 (0.25–4.73) 0.910

Female 5/10 (44.4%) 40/66 (39.4%)

Block vertebrae 4/9 (44.4%) 4/65 (6.2%) 9.96 (1.91–51.93) 0.006

OR, odds ratio; CI, confidence interval.
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were significantly associated with gallbladder aplasia.
Therefore, if subjects with TE with gallbladder aplasia
develop shoulder stiffness and/or pain, cervical spine X-
ray and magnetic resonance imaging are recommended to
investigate the presence of block vertebra.

All subjects with gallbladder aplasia and 87.5% of
those with block vertebrae developed hypoplasia of the
upper limbs. However, there was no significant association
between hypoplasia of the upper limbs and visceral disor-
ders (i.e., aplasia of the gallbladder and block vertebrae).
However, these data suggest new information on the tera-
tology of TE. During pregnancy, corpus vertebrae develop-
ment begins during gestational week 6, whereas block
vertebrae are believed to be caused by blood flow obstruc-
tion from gestational week 3 to 8. In addition, hypoplasia
of the upper limbs develops during gestational week 3 to
7. The fact that TE is caused by inhibition of vasculariza-
tion establishes a causal effect for block vertebrae in sub-
jects with TE and hypoplasia of the upper limbs
(Yoshizawa et al., 2012). Accordingly, we detected block
vertebrae in 7 (87.5%) of 8 subjects with TE and hypopla-
sia of the upper limbs. Therefore, clinicians should con-
sider block vertebrae among subjects with TE, hypoplasia
of the upper limbs and shoulder stiffness.

In conclusion, subjects with TE have also a risk for the
development of lifestyle-related disease as well as the gen-
eral Japanese population. In addition, for subjects with TE
and gallbladder aplasia that develop shoulder stiffness
and/or pain, it is recommended to obtain X-rays and mag-
netic resonance imaging of the cervical spine to determine
the presence of block vertebrae.
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