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Introduction

Thyroid disorders are common in
women. These disorders involve either
functional impairment, such as hypothy-
roidism, or structural abnormalities such
as thyroid nodules and thyroid cancer. In
the present discussion I will focus on
functional abnormalities, with an empha-
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sis on conditions that alter their frequen-
cy, clinical presentation or treatment.

Thyroid Physiology

The thyroid gland actively traps iodide,
converts iodide to iodine, and couples
iodine to iodothyronines to generate
thyroxine (T4) and triiodothyronine

(T3) (Figure).! (For the remainder of
this article, for purposes of simplicity,
the general term iodine will be used to
refer to iodide and iodine.) The majori-
ty of T4 and T} is stored within the col-
loid (attached to thyroglobulin) but,
when needed, can be released and then
secreted into the circulation. Pituitary
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Figure. The thyroid gland actively traps iodide, converts iodide to iodine, and couples iodine
to iodothyronines to generate T, and T5. TSH regulates each step of thyroid hormone synthe-
sis. T4 is converted to T4 by deiodinase enzymes, located mainly in the liver and kidney.

thyrotropin (thyroid-stimulating hor-
mone, TSH) regulates each step of thy-
roid hormone synthesis. In the circula-
tion, T4 and T3 are bound to proteins
(thyroxine-binding globulin, prealbu-
min and albumin) such that only ap-
proximately .03% of T4 and .3% of T;
is free or unbound.’ It is the unbound
fraction that is active and accounts for
biologic activity. T4 is converted to T3
by deiodinase enzymes, located mainly
in the liver and kidney. Theoretically,
regulation of conversion of Ty to Tj
represents a homeostatic mechanism by
which the body regulates thyroid hor-
mone action. It is believed that T} is
chiefly a prohormone and T3 accounts
for virtually all of thyroid hormone ac-
tion in adults. In fact, there are three
separate, but related, selenium-de-
pendent deiodinase enzymes, denoted
as D1, D2 and D3. D1 is primarily ex-
pressed in the liver, kidneys and thyroid
gland; its major function is to convert
T, to T3. D2 is thought to account for
local tissue T3 generation, and is pres-
ent largely in the central nervous sys-
tem, pituitary, brown fat, adipose tis-
sue, skeletal muscle, and thyroid tissue.
D3 is important in metabolizing thy-
roid hormone, and is located in brain,
placenta, uterine and fetal tissues. D3

inactivates T3.

Specific thyroid hormone receptors
are located in the nucleus and mediate
transcriptional activity, resulting in a
myriad of actions attributed to thyroid
hormones. Of course, there is a very
closely regulated inverse relationship
between T,/T5 and TSH, such that a
small change in T/T5 will result in a
magnified change in TSH. Basal TSH
is elevated in primary hypothyroidism
and suppressed (usually undetectable)
in patients with hyperthyroidism.

Iodine. Iodine is an important ele-
ment that is required for normal thyroid
hormone synthesis and secretion, and
for maintenance of a euthyroid state.
There is equilibration between iodine
intake and urinary output. The mini-
mum adult daily iodine requirement is
150 pg; however, over the last several
decades in the United States, concern
has arisen about excess iodine intake.
Recently, this concern has evolved into a
discussion of who is likely to have iodine
deficiency. Pregnant women seem at
particular risk for iodine deficiency,
probably due to low intake and en-
hanced metabolism; thus, it is important
to ensure adequate iodine intake in these
patients. lodine is found in many foods;
there is a reasonable amount in seafood

and it is used as a preservative in bread,
flour and pastries.”* In addition, iodine
is added to iodized salt. However, these
sources may not contribute significantly
to an individual’ s intake, depending on
the type and amount of food eaten. Milk
has recently been proven to contain suf-
ficient iodine, probably related to iodine
contamination arising from cleansing
udders.’

Despite these multiple possible
sources of iodine, the National Health
and Nutrition Examination Survey
(NHANES III) indicated that dietary
iodine intake was decreasing and now
averages about 145 pg/day. In fact, ap-
proximately 10% to 15% of women of
child-bearing age have urinary iodine
concentrations lower than 50 pg/day.**
This value is below the recommended
daily allowance for adults (150 pg) and
subsequently places these women at risk
for iodine deficiency, goiter and hy-
pothyroidism.

The NHANES I1I is extremely im-
portant and useful. Conducted from
1988 to 1994, the study was designed to
give normative data for nutrition and
health status of the normal noninstitu-
tionalized population throughout the
United States.** Approximately 30,000
individuals were examined and the sur-
vey represented, but did not include,
subjects from all states and the District
of Columbia.

Laboratory Studies
Clinically, the thyroid function tests that
are widely available and should be rou-
tinely employed are free Ty, T; (free T;
or total T3), and TSH (Table 1).” Free
T, assays measure or assess the un-
bound, active portion of T4. These as-
says have improved over recent years
but, in essence, use a variety of different
techniques. These assays do not directly
measure free T4, but provide estimates
that are appropriate and accurate in
most circumstances. Unfortunately, dif-
ferent assays may result in variable re-
sults, and each assay seems potentially to
give misleading results, at least to some
(continued on page 17)
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extent, particularly when assessing free
T, in hospitalized patients.

It is theoretically desirable to measure
free T, rather than total T3, but free
T assays seem to be even more prob-
lematic. Depending on the individual
circumstances, a clinician might prefer
either a total T3 or a free T3, with the
understanding that total T is normal-
ly elevated in women receiving estro-
gen-containing compounds because
estrogen increases thyroxine-binding
globulin.

"TSH is measured by a sensitive assay
but, of course, the value is meaningful
only when a patient has a normal pitu-
itary gland. TSH values must be inter-
preted with caution in hospitalized, sys-
temically ill patients because these
patients may manifest “euthyroid sick
syndrome,” in which metabolism and,
probably, secretion of T, and T} are al-
tered, possibly as a homeostatic mecha-
nism to help conserve energy.

In addition to thyroid function tests,
measurement of serum thyroglobulin
antibodies and peroxidase antibodies is
frequently helpful in determining that a
patient has Hashimoto’s thyroiditis.
Routine laboratory studies such as a
complete blood count and a compre-
hensive metabolic profile should also be
obtained because hypothyroidism can
affect multiple organ systems and, on
rare occasions, there may be an associ-
ated autoimmune disorder. In addition,
I frequently order a thyroid sonogram
to ensure that there are not anatomical
abnormalities such as a discrete thyroid
nodule, which requires a fine-needle as-
piration. Obtaining a thyroid sonogram
is especially important in patients with
palpable thyroid abnormalities. I gener-
ally recommend that a fine-needle aspi-
ration be performed in thyroid nodules
1 cm or larger, although this approach
is controversial. A list of laboratory
studies that may be useful in patients
with suspected hypothyroidism is pre-

Table 1.

Laboratory Studies that May be Useful in Patients with Suspected

Hypothyroidism

Free T4/T3 (preferred) over total measurements
TSH

Total T4/T3

Thyroid peroxidase antibodies

Thyroid sonogram

Radioactive iodine uptake and scan (rarely useful)

When secondary hypothyroidism is suspected:
Cortisol, prolactin, FSH, LH levels
MRI of pituitary gland

Appropriate hormonal stimulation tests may also be utilized.

sented in Table 1.

Normal range for TSH. TSH is the
major serum determinant of biochemi-
cal thyroid dysfunction. Obviously, pri-
mary hypothyroidism is associated with
an elevated TSH level. The critical
question then becomes: what is the nor-
mal range for TSH? This issue has
recently come under intense scrutiny,
and is surprisingly controversial. The
NHANES III determined the 2.5 to
97.5 percentile of TSH in a special pop-
ulation.*** The investigators excluded
subjects with a personal or family histo-
ry of thyroid disease, those with visible
or palpable goiter, patients with positive
thyroid antibodies, and those taking
medications known to influence thyroid
function. They reasoned that thyroid
dysfunction is so common that previous
“normal” ranges likely included indi-
viduals with mild hypothyroidism.
Therefore, their attempt to determine
the normal range was more vigorous. A
normal range, so determined, was .47 to
4.15 pIU/mL for men and .41 to 4.09
plU/mL for women. Considered to-
gether, the normal range was .45 to 4.12
pIU/mL, with the median TSH being
1.39 pIU/mL. This rigorously derived
normal range is thought to represent a
significant improvement but there are
several features that require additional
comment. The normal range still
should only be considered as a refer-
ence range and values outside this range
should be repeated. In one study,

monthly measurements of Ty, T3, and
TSH were taken over the course of a
year, and the results indicated that the
variation of a given test in a single indi-
vidual was minimal’ Although values
clustered tightly around a given value,
ranges varied for each individual. For
example, one patient’s TSH values
might have ranged between .5 and 1.2
pIU/mL, whereas another patient’s val-
ues might cluster between 2.0 and 2.4
pIU/mL. Therefore, a small change in
T4 or T3 is well within the normal
range, but is considered significant for a
given patient if there is a significant
change in TSH. As a result, serum TSH
becomes the most accurate sensor of
ambient T,/T3 levels in an individual
patient. TSH values normally vary
throughout the day, rising at about 10 or
11 pm, so it is important to repeat min-
imally abnormal values several times.

Hypothyroidism

Prevalence. Hypothyroidism is a com-
mon disorder. The Colorado Health
Fair study" showed that 9.5% of 25,862
individuals tested had a TSH greater
than 5 plU/mL, and 74% of these had
levels between 5.1 and 10 pIU/mL. The
ages of the study population ranged
from 18 to over 74 years, with about
68% between ages 45 and 74. The
study population was 55.8% female and
44.2% male. The Framingham study"
of 2,139 subjects older than age 60

demonstrated that 13.6% of women
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and 5.7% of men had a TSH greater
than 5 plU/mL. The NHANES IIT*
(n = 17,353) showed hypothyroidism in
10% of women and 4% of men older
than age 60. Thyroid peroxidase anti-
bodies were present in about 15% to
25% of subjects.

Signs and symptoms. The typical find-
ings of hypothyroidism include fatigue,
cold intolerance, constipation, dry skin,
thinning hair, difficulty concentrating,
bradycardia, hypothermia, slow speech,
slow relaxation phase of reflexes, hypo-
glycemia and hypogonadism. In rare in-
stances, cardiac and pleural effusions
may occur. Of course, individual mani-
festations may vary.

Additional features that may be asso-
ciated with hypothyroidism include ele-
vated cholesterol, goiter, a personal or
family history of autoimmune thyroid
disease, insidious weight gain or unex-
plained infertility. Hypothyroidism is
especially common in postmenopausal
women.

Etiology: Primary hypothyroidism. The
most common cause of hypothyroidism
is autoimmune thyroid disease (Hash-
imoto’s thyroiditis) (Table 2).” A goiter
may be present. This disorder is associ-
ated with the development of antiper-
oxidase or antithyroglobulin antibodies.
Rarely, a patient may exhibit Graves’
ophthalmopathy. Additional causes in-
clude hypothyroidism following ra-
dioactive iodine (*'I) therapy for hyper-
thyroidism, surgical thyroidectomy, and
antithyroid drugs. Amiodarone, an an-
tiarrhythmic medication, is an increas-
ingly frequent cause of hypothyroidism.
Subacute thyroiditis is usually associat-
ed with a tender thyroid gland.

Postpartum thyroiditis occurs in
about 8% of women following gesta-
tion, typically within 6 to 12 months of
delivery. Postpartum thyroiditis and
subacute thyroiditis usually have an
evolving course. Subacute thyroiditis
initially manifests as hyperthyroidism
with thyroid gland tenderness, which
then evolves into hypothyroidism and
eventually returns to euthyroidism.
Postpartum thyroiditis has a more vari-
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Table 2.
Causes of Hypothyroidism

Hashimoto's thyroiditis

Thyroiditis (postpartum, silent, subacute)
Amiodarone

lodine load (eg, radioactive dyes)

lodine deficiency

External radiation to head and neck
Thyroidectomy

Infiltrative disorders such as sarcoid or hemochromatosis

Isolated TSH deficiency
Secondary hypothyroidism: pituitary tumor

Hypothalamic hypothyroidism (rare): infiltrative disorders such as sarcoid or hemochromatosis

able course and can present as hyperthy-
roidism or hypothyroidism, after which
thyroid function tests usually normalize.
In a review of 287 patients in 11 studies,
38% of patients presented with hy-
pothyroidism, 36% with hyperthy-
roidism, and 25% originally presented
with hyperthyroidism that evolved into
hypothyroidism."”"” Women with type 1
diabetes mellitus are predisposed to
postpartum thyroiditis and as many as
25% of such patients may develop it.
Postpartum thyroiditis usually resolves
and the patient remains euthyroid.
However, in about 10% of cases more
permanent thyroid disease ensues.
Postpartum thyroiditis must be dif-
ferentiated from lymphocytic hy-
pophysitis, which also can occur in the
postpartum period. Autoimmune lym-
phocytic hypophysitis may manifest as
infiltration and destruction of the
parenchyma of the pituitary and in-
fundibulum. It generally occurs during
pregnancy or the postpartum period.
Symptoms of hypopituitarism or an en-
larging mass lesion may occur in the ab-
sence of obstetric hemorrhage or prior
history of menstrual difficulties or in-
fertility. Hyperprolactinemia and dia-
betes insipidus may also occur. Sponta-
neous regression and resumption of
partial or normal pituitary function may
occur, although many patients progress
to chronic panhypopituitarism. In con-
trast, postpartum thyroiditis only in-
volves the thyroid gland, without evi-

dence of a mass lesion in the pituitary,
or of the involvement of pituitary hor-
mones (other than the thyroid axis).

When amiodarone administration
causes hypothyroidism it probably oc-
curs mainly by the release of iodine
contained within the molecule. In the
United States, hypothyroidism is the
most common amiodarone-associated
thyroid abnormality. In areas of the
world with iodine deficiency, hyperthy-
roidism is more common. External ra-
diation to the head and neck area (for
example, to treat Hodgkin’ s disease or
laryngeal cancer) also can cause hy-
pothyroidism, although this may take
several years to develop.

Secondary Hypothyroidism

Occasionally, hypothyroidism is not
primary (ie, thyroidal in origin) but is
secondary; that is, due to a hypothalam-
ic or pituitary cause. Secondary hy-
pothyroidism is suspected when there is
evidence of a pituitary lesion, such as vi-
sual field changes or headache, and
when there is an abnormality of anoth-
er pituitary axis, such as elevated pro-
lactin, perhaps with breast secretion, ir-
regular menses or amenorrhea, or
adrenal insufficiency. Furthermore, the
serum T'SH is expected to be low or in-
appropriately normal in the context of a
decreased free T4 and, usually, T;. A pi-
tuitary tumor must always be excluded
in this circumstance, although rare
causes include infiltrative diseases, such



as hemochromatosis and sarcoidosis, as
well as isolated TSH deficiency. From a
clinical perspective, it is important to
obtain pituitary function tests and a ra-
diologic assessment, such as pituitary
magnetic resonance imaging (MRI), to
exclude the presence of a pituitary tu-
mor.

Elevated TSH: Other Causes
An elevated TSH is important evidence
of primary hypothyroidism; however,
there are several caveats regarding its in-
terpretation. Systemic illness of any type
can transiently alter TSH secretion and
an elevated TSH can occur, especially
when a seriously ill patient is in the re-
covery phase. To ensure proper diagno-
sis and avoid inappropriate diagnosis, el-
evated TSH should only cautiously be
interpreted in any systemically ill, hospi-
talized patient."” The topic of interpre-
tation of thyroid function tests in criti-
cally ill patients is beyond the scope of
the present article. However, in general,
levothyroxine therapy should be consid-
ered in an ill, hospitalized patient if the
serum T'SH concentration is higher than
10 pIU/mL, especially if repeated in sev-
eral days, and also when it occurs in con-
junction with appropriate clinical find-
ings and decreased free T, and T5.
Unusual causes of an elevated TSH
that may not represent authentic hy-
pothyroidism include TSH diurnal
variation, the presence of interfering
antibodies, resistance to T3/ T}, and the
presence of a TSH-secreting pituitary
tumor. TSH rises late in the evening, at
around 10 pm; however, this increase
rarely causes confusion because most
TSH values are drawn between 8 am
and 5 pm. Heterophilic antibodies can
develop in patients, especially if they
are exposed to or handle animals. De-
pending on the assay used, these anti-
bodies will cause a markedly abnormal
(either high or low) TSH that seems
discordant from the free T,/T3 and
clinical findings. Thyroid hormone re-
sistance is a familial entity in which a
mutation occurs in the T3/T} receptor.
This disease can present in a variable

manner but usually the free T4 and T;
are elevated in the context of an inap-
propriately normal or elevated TSH.
Other family members may also exhibit
the same findings. It is important to
consider these rare causes of an abnor-
mal T'SH, but it is much more common
for a patient with an elevated TSH to
actually have primary hypothyroidism.

Pregnancy and Hypothyroidism

Thyroid function and the interpretation
of thyroid function tests in pregnancy is
an important, but complex, topic.>'*"**!
Estrogen administration or pregnancy
increases thyroxine binding globulin,
and, as a result, Total T, normally in-
creases. It is preferable to measure Free
T, Free T5 and TSH when possible, as
these hormones are not as influenced by
thyroxine-binding globulin (TBG) ab-
normalities. However, during pregnan-
cy free T, measurements may show a
decrease in certain assays, and care must
be taken to utilize a trimester-specific
pregnancy normal range for compari-
son. Pregnant patients with TSH-re-
ceptor antibodies may pass these anti-
bodies across the placenta, and a
neonate may demonstrate hypothy-
roidism or hyperthyroidism. Thyroid-
stimulating immunoglobulins (T'SI)
should be measured in pregnant women
with active Graves’ disease and in select-
ed patients with Hashimoto’s thyroidi-
tis. Thyroid peroxidase and thyroglobu-
lin antibodies are not thought to cause
neonatal abnormalities.

It is important to keep TSH within
the normal range in pregnant hypothy-
roid women receiving levothyroxine.
Haddow et al” noted that an untreated
elevated TSH during pregnancy was as-
sociated with about an IQ of approxi-
mately 7 points lower in the child (meas-
ured at about age 9 years). If the mother
was treated with levothyroxine the sub-
sequent I1Q of the child was not different
than that of the control. Although this
study has received much attention, it has
inherent issues that, in my opinion, re-
quire confirmation. For example, the
TSH was measured only once in the

midtrimester and it is not known what
the T'SH level was throughout pregnan-
cy. In addition, the serum TSH level
achieved in levothyroxine-treated pa-
tients is unknown. Also, the babies’ thy-
roid function tests were not measured
for many years and, lastly, this was a
small retrospective study.

In a summary of 4,123 women, there
was evidence that the miscarriage rate
was 23% in women with thyroid anti-
bodies as compared to 8% in women
who were antibody-negative.”* Fetal
deaths also seem to correlate with TSH
levels; women with a TSH level greater
than or equal to 6 plU/mL had a 3.8%
fetal death rate and women with a nor-
mal TSH level had a 0.9% fetal death
rate.

A separate issue is whether levothy-
roxine dosage requirements increase in
pregnant hypothyroid women taking
levothyroxine. Alexander et al’ observed
that there was an increase in levothyrox-
ine dosage requirements in 17 of 20 such
pregnancies. The mean levothyroxine
requirement increased 47% during the
first half of pregnancy and plateaued by
week 16. The increased requirement was
maintained until delivery. A separate
study, however, did not demonstrate
such a high frequency of increased
levothyroxine dosage requirements in
pregnant women.”* In both of these
studies, levothyoxine requirements seem
to increase in thyroidectomized patients
more consistently than in patients with
primary hypothyroidism.

It is difficult to draw clinical conclu-
sions from these divergent studies. How-
ever, it seems important to try to avoid
an elevated T'SH during pregnancy. Fur-
ther, it is clear that some (perhaps most)
thyroidectomized patients, and possibly
patients with primary hypothyroidism,
may have increased levothyroxine re-
quirements during pregnancy. This issue
is complicated by the fact it takes 4 to 6
weeks for a change in dose to equilibrate,
and for the TSH to accurately represent
tissue stores. However, by that time,
the requirements may have increased
again. Given these confounding issues, I
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recommend that a hypothyroid woman
taking levothyroxine have her thyroid
function tested monthly during preg-
nancy. Her levothyroxine dose should
be changed as appropriate. If the TSH
level is markedly abnormal (greater than
10 pIU/mL) (and perhaps in other cir-
cumstances), I would even recommend
repeating thyroid function tests in 2
weeks to make sure the TSH is decreas-
ing appropriately. Unfortunately, there
are no evidence-based guidelines for this
personal approach.

Subclinical Hypothyroidism

Subclinical hypothyroidism is defined
as the presence of an elevated TSH in
the context of a normal free T4 and T5.
This topic has become interesting and
controversial, in large part because
most patients today are diagnosed with
mild or subclinical hypothyroidism
rather than with overt hyperthyroidism,
which is manifested by an elevated
TSH with a decrease in free T,/ T5.2%
Subclinical hypothyroidism is inherent-
ly a vague term but it should not be
thought of as synonymous with mild
hypothyroidism. Rather, subclinical hy-
pothyroidism represents a continuum
of disease in which the TSH rises but
the T/T5 levels remain within the nor-
mal range. My comments above relat-
ing to the “normal range” should be
considered. That is, if an individual’ s
own tightly regulated free T} level hap-
pens to normally reside in the lower
portion of the free T, “normal range”,
a small decrease in free T, of perhaps
10% to 20%, will be associated with a
decreased free T, and an elevated TSH.
We will categorize this patient as having
“overt hypothyroidism”. On the other
hand, if an individual’ s tightly regulat-
ed free T, value happens to normally
reside in the upper portion of the “nor-
mal range”, and then decrease 50% but
still remain within the “normal range”,
we will characterize this as subclinical
hypothyroidism. In theory, the individ-
ual in the first example will have “less
hypothyroidism” (due to a smaller
decrement in free T,) than the individ-
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ual in the second example. As a result,
caution should be employed in the in-
terpretation and analysis of patients

with subclinical hypothyroidism.

Independent Consensus Findings:
Subclinical Hypothyroidism

An independent consensus conference
was convened to review the literature
on this topic and to make recommenda-
tions regarding treatment.”* The read-
er is referred to the original publica-
tions from this consensus panel. I will
summarize some of the highlights here.

It was thought appropriate to catego-
rize subclinical hypothyroidism into five
general topics, which theoretically con-
stitute reasons to treat patients. These
categories are: (1) to prevent progression
to overt hypothyroidism; (2) alleviate
symptoms; (3) decrease lipid levels; (4)
improve cardiac function; and (5) im-
prove depression and cognition.

Prevent progression to overt hypothy-
roidism. In a prospective study of 87
women analyzed over 9.2 years, Huber
et al”” found that the frequency of de-
veloping overt hypothyroidism was 0%
if the baseline TSH was 4 to 6 pIU/mL,
43% if the baseline TSH was 6 to 12
pIU/mL, and 77% if the baseline TSH
was greater than 12 plU/mL. This
study has to be considered with the un-
derstanding that these patients had pre-
viously been treated for hyperthy-
roidism, which may have predisposed
them to develop hypothyroidism, as
compared to a population who had nev-
er had previous thyroid disease.

A separate study by Diez and Igle-
sias® showed that 27% (total N = 107)
of patients over age 55 with subclinical
hypothyroidism progressed to overt hy-
pothyroidism over 6 to 72 months
(mean 31 months). Women progressed
to overt hypothyroidism more fre-
quently than men, and the presence of
thyroid antibodies also increased the
likelihood of progression. Of great in-
terest was the fact that in 37% of pa-
tients who presented with subclinical
hypothyroidism, TSH values later nor-
malized. The absence of thyroid anti-

bodies made it more likely that the
serum TSH would normalize. In 52%
of patients with initial TSH levels of 5.0
to 9.9 plU/mL, TSH normalized,
whereas only 13% of patients with ini-
tial TSH levels of 10.0 to 14.9 pIU/mL
eventually had TSH normalized. This
remarkable study indicates the impor-
tance of repeating thyroid function tests
(if clinically feasible) over several weeks
or months before initiating therapy.

Alleviate symptoms. Clinically, patients
and physicians believe that a multitude of
possible symptoms can accompany hy-
pothyroidism. However, these symptoms
are vague and, as noted, most patients to-
day have subclinical rather than overt dis-
ease. It has been difficult to prove that
subclinical hypothyroidism is associated
with specific symptoms. Several blinded
placebo controlled studies have revealed
variable results and the conclusion is that
it has not yet been proven that subclinical
hypothyroidism is associated with specif-
ic symptoms, which resolve when treated
with levothyroxine. Of course, thyroid
function tests should be obtained in pa-
tients with symptoms that may possibly
be related. However, even if a patient has
subclinical hypothyroidism and is treat-
ed, each of the symptoms may not re-
solve, and if they did a placebo effect
could not be ruled out.

Decrease lipid levels. It is well known
that overt hypothyroidism is associated
with elevated cholesterol levels. It is a
different matter to unequivocally prove
that subclinical hypothyroidism is asso-
ciated with elevated cholesterol values
that respond to levothyroxine treatment.
Most, but not all, controlled studies
show a small but discernable decrease in
total cholesterol or LDL by normalizing
TSH.” Meier et al* showed a small but
statistically significant decrease in LDL,
as compared to placebo, especially in pa-
tients with a TSH greater than 12
pIU/mL and in patients with an elevat-
ed LDL. Overall, it is thought that
subclinical hypothyroidism is associated
with a mildly elevated LDL that de-
creases slightly (but significantly) with

levothyroxine treatment.



Improve cardiac function. Most studies
assessing cardiac or vascular function
have focused on surrogate markers. For
instance, carotid intima media thickness
is decreased by restoration of TSH to
normal.”’ The Rotterdam study assessed
1,149 women and found that subclinical
hypothyroidism was associated with a
1.7 times increased risk of developing
aortic atherosclerosis and a 2.3 in-
creased risk of developing a myocardial
infarction.”? Other risk factors were cor-
rected for in this analysis. This impor-
tant study was basically confirmed by
another study in which 257 patients
with subclinical hypothyroidism were
followed over a 10-year period without
levothyroxine treatment.”” In men, sub-
clinical hypothyroidism was associated
with ischemic heart disease independ-
ent of age, systolic blood pressure, body
mass index, cholesterol, smoking, ery-
throcyte sedimentation rate, or pres-
ence of diabetes mellitus. The hazard
ratio for ischemic cardiac mortality in
men was increased significantly to 1.9
to 2.1, but it was not significantly in-
creased in women.

Improve cognition. The area of correlat-
ing cognition with subclinical hypothy-
roidism or its treatment is extremely
difficult to assess. Basically, no evidence-
based conclusions can be made.

Consensus panel conclusions on treat-
ment. The consensus panel convened to
examine the literature on subclinical
thyroid disease came to several conclu-
sions. As a general consideration, to
recommend screening and treatment
several specific criteria must be met.
There must be evidence that the disease
is associated with adverse clinical out-
comes (not surrogates). There must be
evidence that treatment of disease re-
verses those outcomes and there must
be evidence that the benefits of treat-
ment outweigh the risks. There is insuf-
ficient evidence, based on the criteria
noted, to recommend general popula-
tion screening for TSH. There is suffi-
cient evidence, however, to recommend
that individuals who are found to have a
serum TSH greater than 10 pIU/mL be

treated with levothyroxine. There is in-
sufficient evidence to expect therapeu-
tic benefit when the TSH is between
4.5 and 10 pIU/mL. However, it is rec-
ognized that some of these patients will
benefit from treatment and that the de-
cision to treat is an individual decision
between the physician and patient. An
elevated TSH should, of course, be
confirmed. In the controversial TSH
range of 4.5 to 10 pIU/mL, I generally
repeat the thyroid function tests several
times over several weeks or even
months to ensure it is stable. If the
TSH is consistently in this range, and
especially if thyroid antibodies are pres-
ent, I would discuss the issue with the
patient and would tend to recommend
levothyroxine therapy.

Treatment of Hypothyroidism

Primary hypothyroidism is treated with
levothyroxine in a dose sufficient to
normalize the TSH. Secondary hy-
pothyroidism is also treated with
levothyroxine although, of course, in
this situation free T,/T5 are depended
upon, rather than TSH, and additional
pituitary hormone replacement may be
needed. The initial dose of levothyrox-
ine is an estimate but it is reasonable to
utilize 1.7 pg/kg/day.** Thyroid func-
tion tests are repeated in 4 to 6 weeks
and then the dose is modified, as appro-
priate, to normalize the TSH. TSH is
the major hormone monitored, al-
though its values are interpreted in light
of free T4/T5 and the clinical context.
Hypothyroid patients may require a
Free T, higher than the normal range
to normalize their TSH value. T; re-
placement should not be used either
alone or in combination with levothy-
roxine replacement.

Levothyroxine should be taken alone,
and not concurrently with other med-
ications; specifically, cholestyramine, su-
cralfate, ferrous sulfate, soy, aluminum
hydroxide and raloxifene. The adminis-
tration of estrogen-containing com-
pounds to hypothyroid patients taking a
stable dose of levothyroxine may in-
crease her levothyroxine requirements.”

Conversely, stopping an estrogen-con-
taining compound may decrease levo-
thyroxine requirements. Similar effects
may occur with raloxifene.*

Thyroid function should be tested
routinely, perhaps annually, in patients
taking levothyroxine. Even when close-
ly monitored, about 20% of patients
will be over-treated and about 20% will
be under-treated. More frequent moni-
toring may be indicated if a patient has
symptoms that may reflect altered thy-
roid status.

Summary and Conclusions

This article reviewed various aspects of
the diagnosis, prevalence and treatment
of hypothyroidism, with emphasis on
special considerations. There are very
few large-scale prospective articles on
which to form an evidence-based opin-
ion so, unfortunately, any recommend-
ed approach in this area is inherently
subjective. Perhaps in the future this
circumstance will change. ®
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