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\s=b\ The thyroid function of 49 patients homozygous for the
hemochromatosis allele was studied by measurement of serum thyroxine and thyrotropin concentrations. Of 34 homozygous men, three were found to be hypothyroid (thyroxine,
<3.0 \g=m\g/dLand thyrotropin, >40 ImU/mL) and one was hyperthyroid (thyroxine, 24 \g=m\g/dL).All 15 homozygous women had
normal thyroid function. The hypothyroid patients had elevated titers of antithyroid antibodies. Histologic examination
of the thyroid at autopsy of one hypothyroid patient showed
notable iron accumulation and fibrosis with modest lymphocytic infiltration. The causative importance of iron deposition
in thyroid diseases associated with hemochromatosis was
suggested by the reversal of the usual sex ratio of thyroid
dysfunction. Men with hemochromatosis had a much greater
iron load than women, and they also had a surprisingly higher
incidence of thyroid disease. Iron may have caused injury to
the thyroid, followed by the development of antithyroid antibodies and hypothyroidism. The frequency of thyroid disorders in men with hemochromatosis is about 80 times that of
men in the general population.
(Arch Intern Med 1983;143:1890-1893)

"C^ndocrine disorders are common clinical findings in pa-Li tients with
hereditary hemochromatosis. One or more
abnormalities of endocrine function have been detected in
more than 80% of patients with end-stage disease.1 Diabe¬
tes mellitus and hypogonadism are the most common.
Although iron deposition in the pancreas and liver may
contribute to the development of diabetes, there is evidence
that diabetes mellitus and hereditary hemochromatosis
segregate as independent genetic traits.2 Hypogonadism,
occurring primarily in men with hereditary hemochroma¬
tosis, may be due either to gonadal damage from iron
loading or to hypopituitarism with diminished secretion of

gonadotropins.
In contrast,

a

review of the literature disclosed that

thyroid disorders have been reported in only 8% of patients
with hemochromatosis.1 Direct thyroid damage due to iron
loading of the gland has been thought to be responsible for
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majority of the cases of hypothyroidism,3 but inade¬
quate pituitary secretion of thyroid-stimulating hormone
(TSH) has also been implicated in some patients.4"7 Hyperthyroidism has been reported in a few patients with hemo¬
the

chromatosis.8"12
We evaluated thyroid function in 49 persons homozygous
for the hemochromatosis alíele. We report herein our find¬
ings of hypothyroidism in three men and of hyperthyroidism in one man.
MATERIALS AND METHODS
As part of a larger survey of hereditary hemochromatosis, 49
persons homozygous for the hemochromatosis alíele underwent
testing of the pituitary-thyroid axis. The tests included measure¬
ments of serum thyroxine (T4), TSH, and sometimes resin triiodothyronine (T3) uptake; if these test results were abnormal,
thyroid antibodies in serum or thyroid uptake of I 131 were
determined. In one case, a detailed histologie examination of the
gland was performed on tissue obtained at autopsy. The results of
tests for diabetes and hypogonadism in our first 41 hemochroma¬
tosis patients were published previously.1 Five persons (12%) had
diabetes and five (19%) of 26 men had hypogonadism. Tests were
performed by standard methods in the clinical laboratories of the
University of Utah Affiliated Hospitals, Salt Lake City. Homozygosity for the hemochromatosis alíele and body iron stores were
determined as previously described.1314 All participants in this
study gave verbal and written informed consent. The procedures
used were approved by the Clinical Research Center Committee on
Human Rights and the Committee on Human Rights of the
University of Utah.
RESULTS

Four (11.8%) of 34 men with hereditary hemochromatosis
had abnormal thyroid function. Three men (8.8%) had
subnormal serum T4 concentrations (Table 1), and all were
clinically hypothyroid. One man (2.9%) was clinically hyperthyroid and had a notably elevated serum T4 concentration
(Table 1). All of the hypothyroid men had an increased
serum concentration of TSH, indicating primary hypothy¬
roidism in each. Each hypothyroid man had an elevated
serum concentration of antibody against a thyroid microsomal fraction, and two of the three men also had an abnor¬
mally high antibody titer against thyroglobulin. Table 2
summarizes the results of tests measuring body iron stores
and HLA haplotypes in the four men with thyroid dysfunc¬
tion.
All 15 women and 30 of 34 men with hereditary hemo¬
chromatosis had normal serum concentrations of T, and
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Table 1.—Results of Thyroid Function Tests
in Four Patients*

Table 2.—Results of Tests of Iron Stores and HLA
Haplotypes in Four Patients*

Patients

Characteristics

Age, yr/sex
Serum

thyroxine

.

5-13

.

64/M

52/M

64/M

<1

2.4

2.8

37/M
24

Thyroidstimulating
hormone
Antibodies

Thyroglobulin
Microsomal

Values,

Mean ± SD

1

106 + 30

142

255

177

273

31 ±9

93

100

77

100

2,100

3,600

t

11,560

Transferrin

saturation,0/»

Resin

triiodothyronine
uptake

Determination
Serum iron,

µ/ -

.

(ig/dL

Patients

Normal Male

Normal
Values

Serum ferritin,
25%-36%

2-10 ImU/mL
<1:100

<1:100

23

>60

50
1:100

83

.

42

3

1:400 <1:100

1:25,600 1:400 1:1,600

*Patients with both hemochromatosis and abnormal
results.

thyroid

...

...

function test

ng/mL
Urinary iron

135±137

mg/24hrt
Hepatic iron,
grade 0-4§
Hepatic iron

1.2 + 0.4

excretion,

...

0.3 ±0.5

wef liver

antigens
haplotypes

.

9.3

26.5
...

4

concentration,
µ /100 mg of
HLA

TSH. Mean value of serum T4 in these persons was 8.1 µg/dL
(range, 4.6 to 12.0 µg/dL). The four men with hemochroma¬
tosis and hypothyroidism or hyperthyroidism are described
herein.

.

12±8
or

...

...

4

955

4

4

.

A1.A11, A3.B7 A3.B7 A3.B7
B17.B35 A3.B12 A25.B40 A29.B12

REPORT OF CASES

*Patients with both hemochromatosis and abnormal thyroid function test
results.
tTreated with multiple phlebotomies prior to our examination of patient.
15 mg/kg of intramuscular deferoxamine.
§Hepatic parenchymal cell stainable iron, graded 0-4.

Case 1.—A 64-year-old man was seen with a one-month history
of increasing weakness and somnolence. A diagnosis of hemo¬
chromatosis was made based on hepatomegaly and an elevated
serum iron concentration of 280 µg/dL. Despite the removal of
8 units of whole blood during the ensuing months, his symptoms
worsened. His muscles became diffusely tender, and cramps
occurred with exertion. He also had cold intolerance, constipation,
a hoarse voice, decreased appetite, and reduced libido. He was
referred to the University of Utah for further evaluation of his
condition. On examination, the patient's movements were slow and
his skin was cold and dry, but not thickened. He was puffy about
the eyes and had macroglossia. On palpation, his thyroid was small
and neither tender nor nodular. His liver was 11 cm in span and his
spleen was palpable. Muscle weakness was detectable both proximally and distally, and the relaxation time of his reflexes was
prolonged. The diagnosis of hemochromatosis was confirmed by
the presence of elevated iron values in serum and liver (Table 2).
Abnormal serum chemistry analyses included elevations of muscle
and liver enzymes (creatine kinase, 1,680 IU/mL [normal, 0 to
180 IU/mL]; SGOT, 114 IU/L [normal, 1 to 51 IU/L]; SGPT,
58 IU/L [normal, 4 to 26 IU/L]; and serum 7-glutamyl transferase,
104 IU/L [normal, 0 to 60 IU/L]). The fasting blood glucose level
was increased at 223 mg/dL, but no glycosuria or ketonuria was
detected. Hypothyroidism was reported as shown in Table 1. An
overnight metyrapone test result was normal (with the adrenocorticotropic hormone [ACTH] level rising to 162 pg/mL and the 11deoxycortisol level to 20.8 u,g/dL) as were the serum testosterone
(323 ng/dL) and luteinizing hormone (14 ImU/mL) levels. The
patient was discharged from the hospital on a regimen of 0.05 mg/
day of oral thyroxine. Four days after discharge, the patient was
admitted to another hospital with fever and cellulitis of the right
leg. A long, complex hospital course, which included bacteremia
with group A ß-hemolytic streptococcus and Pseudomonas
aeruginosa and the development of pseudomembranous and
ischemie colitis, ended with the patient's death. At autopsy, iron
deposits were found in most organs, with the liver and endocrine
glands being the most notably affected. The thyroid weighed 12 g
and was dark brown and firm. Microscopic examination showed
some lymphocytic infiltration and near total replacement of the
gland by fibrous connective tissue. The follicular cells in residual
islands were atrophie and filled with iron pigment (Figure). In
contrast to the thyroid, the pituitary showed no appreciable loss of
cells although stainable iron was present.
Case 2.—A 49-year-old man was admitted to the hospital
because of hepatomegaly and an SGOT level of 75 IU/L (normal,

0 to 41IU/L). There were no clinical signs of any endocrinopathy. A
liver biopsy specimen showed micronodular cirrhosis and 4 + iron
loading. The results of tests quantifying the patient's iron stores
are shown in Table 2. An endocrinologie evaluation showed normal
fasting and postprandial serum glucose concentrations and normal
thyroid, gonadal, and adrenal function. The T4 level was 7.2 µg/dL,
the serum testosterone level was 1,061 ng/dL; after a midnight dose
of metyrapone the 8 am 11-deoxycortisol level was 15.6 µg/dL, and
the ACTH level was 239 pg/mL. After 78 phlebotomies during the
next 11 months, the transferrin saturation dropped to 6%. No
phlebotomies were performed in the following nine months, during
which time the patient had constipation, cold intolerance, easy
fatigability with an increase in sleep time, a weight gain of 9 kg, and
electrical shock sensations and numbness in his hands. On ex¬
amination, his BP was 152/105 mm Hg and his pulse rate was 68
beats per minute. His face was rounded and his eyelids were puffy.
His skin was dry, coarse, and thick. A positive Tinel's sign was
noted on each wrist. His deep tendon reflexes were slow in
relaxation and his thenar muscles displayed pseudomyotonia. His
serum transaminase levels were normal, but his serum creatine
kinase level was elevated at 813 IU/mL (normal, 26 to 144 IU/mL).
Laboratory studies showed hypothyroidism (Table 1), and the
patient was begun on a regimen of 0.2 mg/day of oral thyroxine.
Case 3.—A 64-year-old man was admitted to the hospital for
evaluation of increased skin pigmentation. His brother had had
hemochromatosis and a hepatoma. The patient was asymptomatic
at the time of admission but had a history of glucose intolerance,
gout, and hypertension. Hypothyroidism had been diagnosed 11
years previously, and he had been taking four grains of desiccated
thyroid per day. He had a normal libido and did not drink alcohol.
Physical examination was notable only for increased skin pigmen¬
tation. His liver was not palpable. Laboratory evaluation showed
normal plasma testosterone and elevated two-hour postprandial
serum glucose concentrations. His SGOT was elevated at 81 IU/L
(normal, 10 to 45 IU/L). The serum iron level was 177 µg/dL, with a
transferrin saturation of 77% (Table 2). A liver biopsy specimen
showed hemochromatosis with early cirrhosis. The patient was
begun on phlebotomy therapy and, after the withdrawal of 44 units
of blood in the next 15 months, his serum iron level fell to 36 µg/dL.
While the serum iron level was normal, his treatment with thyroid
hormone supplements was discontinued temporarily. Subsequent
measurement of serum T4 concentration (Table 1) confirmed the
previous diagnosis of hypothyroidism and he was restarted on a
regimen of replacement therapy.

¿After
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lodine uptake was 30% (normal, 5% to 10%), and at 24 hours it was
61% (normal, 10% to 30%). The patient was treated with 8 mCi of
radioactive iodine and three months later he was chemically
hypothyroid. His need for replacement therapy, however, was
transient, and his serum T4 level has remained within normal limits
more than one year after supplemental thyroxine therapy was
discontinued.
COMMENT
Four of our 34 men with hemochromatosis (11.8%) had

thyroid disease. Three (8.8%) had primary hypothyroidism
and one (2.9%) had thyrotoxicosis. All 15 female patients
had normal thyroid function. The incidence of thyroid
disease in our patients did not differ notably from that
reported in other series of hemochromatosis patients15 but
was clearly greater than the incidence found in populations
without chronic disease. The frequency of hypothyroidism
and hyperthyroidism in healthy adult and geriatric popula¬

Thyroid of patient 1 at autopsy. Thyroid cells and follicles were
atrophie, and most portions of thyroid were almost completely
replaced by fibrous tissue and some inflammatory cell infiltration.
Remaining follicular cells are laden with iron that appears as dark
granules here (potassium ferricyanide stain, 76).
Case 4.—Because his brother was found to have hemochroma¬

tosis, this 37-year-old

man was seen at another hospital for
examination. He had been a heavy drinker for the preceding 12
years. His enlarged liver was palpable 6 cm below the right costal
margin, and his liver function test results were abnormal (direct
bilirubin, 1.0 mg/dL; indirect bilirubin, 2.3 mg/dL; alkaline phosphatase, 372 IU/L; and SGOT, 1,180 IU/L). A test for hepatitis
surface antigen was negative. His serum iron level was 356 µg/dL
(normal, 75 to 175 u.g/dL), with a transferrin saturation of 98%. A
liver biopsy specimen revealed severe hepatic iron overload with
early pigmentary cirrhosis and superimposed viral hepatitis.
Therapeutic phlebotomies were begun. When first seen at the
University of Utah, the patient's only symptoms were impotence
and pain in the joints of his hands. His serum iron level and
transferrin saturation were still elevated, and his serum ferritin
level was notably increased at 11,560 ng/mL (Table 2). His glucose
tolerance was normal, but he had reduced concentrations of plasma
testosterone and gonadotropins and was treated with twicemonthly injections of testosterone enanthate. Four months later,
while undergoing phlebotomy therapy, the patient was noted to
have an elevated T4 level of 24.0 µg/dL. His resin T3 uptake was 59%
(normal, 41% to 60%). He did not return for follow-up for nine
months, at which time he gave a two-year history of increasing
fatigue, decreasing strength, increasing prominence of his eyes,
and a 6.7 kg weight loss despite an increase in appetite. On
examination, he had a resting tachycardia, lid lag, poor ocular
convergence, a fine hand tremor, sweaty palms, and brisk ankle
reflexes. The results of thyroid function studies are shown in Table
1. A thyroid scan showed homogeneous uptake of tracer in an
asymmetrically enlarged gland. At two hours, the radioactive

tions has been determined.1617 In 2,779 persons 18 years or
older, overt spontaneous hypothyroidism occurred in 1.0%
to 1.5% of the women and in less than 0.1% of the men.16 The
frequency of hypothyroidism was higher in a geriatric
population with a mean age of 80 years" but still did not
approach the frequency we found in men with hemochroma¬
tosis. Hyperthyroidism in the general population has been
detected in 1.9% to 2.7% of women and in about 0.2% of
men.16 A meaningful comparison of the prevalence of hyper¬
thyroidism in normal populations to that in the hemo¬
chromatosis homozygotes we studied is not possible be¬
cause of our group's relatively small size.
Alterations in thyroid hormone metabolism occur in a
host of nonthyroidal illnesses and result in abnormal serum
levels of the frequently measured thyroid hormones.1819
Two conditions that frequently disrupt normal thyroid
hormone economy, liver disease and diabetes mellitus, are
frequently found in patients with hemochromatosis. All
four of our patients had abnormal liver function studies and
two of the four had demonstrable glucose intolerance.
However, patients with abnormal thyroid hormone levels
due to nonthyroidal diseases are, by the most sensitive
indicators, euthyroid. In contrast, the patients we describe
had clear clinical and laboratory evidence of thyroid dys¬
function.
Hereditary hemochromatosis is transmitted as an autosomal recessive disorder but the mechanism by which hemo¬
chromatosis genes cause prolonged excessive intestinal iron
absorption is unknown. The hemochromatosis locus is
closely linked to the histocompatibility locus A on the short
arm of chromosome 6,20,21 with HLA-A3 alloantigen being
found much more frequently in individuals with hemo¬
chromatosis than in normal controls.1 Three of four patients
discussed herein had at least one HLA-A3 alloantigen
(Table 2). No HLA antigen has been found more frequently
in persons who have Hashimoto's thyroiditis and hypothy¬
roidism compared with normal controls, but in 67 persons
with hyperthyroidism, HLA-B locus alloantigens B7 and
B8 were significantly increased (two-tailed -.021 and
.0068, respectively).22 Our patient with hyperthyroidism
had a B7 alloantigen.
Two related mechanisms could explain the thyroid de¬
struction and hypothyroidism in our three hypothyroid
patients. First, because all three patients were noted to
have antithyroid antibodies at titers ranging from 1:400 to
1:25,600, it seems possible that all three had immunomediated thyroiditis with subsequent hypothyroidism un¬
related to the iron deposition within the gland. Alter¬
natively, at least the initial thyroid damage may have been
directly due to the deposition of iron. The antithyroid
antibodies would then have occurred as a secondary event.
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We favor the second possibility because antithyroid anti¬
bodies were found in 8.8% of our male subjects, an incidence
which far exceeds that expected in men in the general

population.16

Autopsy studies have demonstrated iron deposition in the
thyroid of nearly all patients with hemochromatosis.9·23"26
Fibrosis of the gland has also been a common finding. The
thyroid of patient 1 disclosed massive iron deposition,
parenchymal atrophy and fibrosis and only modest lymphocytic infiltration (Figure). These findings support our hy¬
pothesis that iron deposition was the primary cause of the
thyroid disease.
A plausible sequence of events can be postulated to
account for the increased incidence of thyroid disease in
hemochromatosis. The disorder's inherent iron overload,
which is greater in men than in women,27"30 damages paren¬
chymal organs. Tissue injury in turn exposes cellular
antigens, which then stimulate autoantibody production. If

this pattern of disease development includes the thyroid
gland, a high incidence of antithyroid antibodies would be
expected in men with hemochromatosis. Autoimmune thyroiditis and hypothyroidism would thus occur more fre¬
quently in hemochromatotic men, in contrast to the female
preponderance of these disorders in populations without
hemochromatosis. This sequence of events is speculative
and can only be confirmed by measuring antithyroid anti¬
bodies in a large number of male hemochromatosis homo¬
zygotes who have hypothyroidism.
Our study has shown an increased frequency of thyroid
disease in men who are homozygous for hemochromatosis.
Physicians caring for patients with hemochromatosis
should be aware of the high associated incidence of thyroid

dysfunction.
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