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ABSTRACT

Objective: Hypothyroidism has multiple etiologies
and manifestations. Appropriate treatment requires an
accurate diagnosis and is influenced by coexisting medical
conditions. This paper describes evidence-based clinical
guidelines for the clinical management of hypothyroidism
in ambulatory patients.

Methods: The development of these guidelines was
commissioned by the American Association of Clinical
Endocrinologists (AACE) in association with American
Thyroid Association (ATA). AACE and the ATA assem-
bled a task force of expert clinicians who authored this
article. The authors examined relevant literature and
took an evidence-based medicine approach that incor-
porated their knowledge and experience to develop a
series of specific recommendations and the rationale for
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these recommendations. The strength of the recommen-
dations and the quality of evidence supporting each was
rated according to the approach outlined in the American
Association of Clinical Endocrinologists Protocol for
Standardized Production of Clinical Guidelines—2010
update.

Results: Topics addressed include the etiology, epide-
miology, clinical and laboratory evaluation, management,
and consequences of hypothyroidism. Screening, treatment
of subclinical hypothyroidism, pregnancy, and areas for
future research are also covered.

Conclusions: Fifty-two evidence-based recommenda-
tions and subrecommendations were developed to aid in
the care of patients with hypothyroidism and to share what
the authors believe is current, rational, and optimal medi-
cal practice for the diagnosis and care of hypothyroidism.
A serum thyrotropin is the single best screening test for
primary thyroid dysfunction for the vast majority of outpa-
tient clinical situations. The standard treatment is replace-
ment with L-thyroxine. The decision to treat subclinical
hypothyroidism when the serum thyrotropin is less than 10
mlIU/L should be tailored to the individual patient.

INTRODUCTION

These updated clinical practice guidelines (CPGs) (1-3)
summarize the recommendations of the authors, acting as
a joint American Association of Clinical Endocrinologists
(AACE) and American Thyroid Association (ATA) task
force for the diagnostic evaluation and treatment strategies
for adults with hypothyroidism, as mandated by the Board
of Directors of AACE and the ATA.

The ATA develops CPGs to provide guidance and rec-
ommendations for particular practice areas concerning thy-
roid disease, including thyroid cancer. The guidelines are
not inclusive of all proper approaches or methods, or exclu-
sive of others. the guidelines do not establish a standard of
care, and specific outcomes are not guaranteed. Treatment
decisions must be made based on the independent judg-
ment of health care providers and each patient’s individual
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circumstances. A guideline is not intended to take the place
of physician judgment in diagnosing and treatment of par-
ticular patients (for detailed information regarding ATA
guidelines, see the Supplementary Data, available online at
www.liebertpub.com/thy).

The AACE Medical Guidelines for Clinical Practice
are systematically developed statements to assist health
care professionals in medical decision making for specific
clinical conditions. Most of their content is based on lit-
erature reviews. In areas of uncertainty, professional judg-
ment is applied (for detailed information regarding AACE
guidelines, see the Supplementary Data).

These guidelines are a document that reflects the cur-
rent state of the field and are intended to provide a work-
ing document for guideline updates since rapid changes in
this field are expected in the future. We encourage medi-
cal professionals to use this information in conjunction
with their best clinical judgment. The presented recom-
mendations may not be appropriate in all situations. Any
decision by practitioners to apply these guidelines must
be made in light of local resources and individual patient
circumstances.

The guidelines presented here principally address the
management of ambulatory patients with biochemically
confirmed primary hypothyroidism whose thyroid status
has been stable for at least several weeks. They do not deal
with myxedema coma. The interested reader is directed to
the other sources for this information (4). The organization
of the guidelines is presented in Table 1.

Serum thyrotropin (TSH) is the single best screening
test for primary thyroid dysfunction for the vast major-
ity of outpatient clinical situations, but it is not sufficient
for assessing hospitalized patients or when central hypo-
thyroidism is either present or suspected. The standard
treatment is replacement with L-thyroxine which must be
tailored to the individual patient. The therapy and diag-
nosis of subclinical hypothyroidism, which often remains
undetected, is discussed. L-triiodothyronine in combina-
tion with L-thyroxine for treating hypothyroidism, thyroid
hormone for conditions other than hypothyroidism, and
nutraceuticals are considered.

METHODS

This CPG adheres to the 2010 AACE Protocol for
Standardized Production of Clinical Practice Guidelines
published in Endocrine Practice (5). This updated proto-
col describes a more transparent methodology of rating
the clinical evidence and synthesizing recommendation
grades. The protocol also stipulates a rigorous multilevel
review process.

The process was begun by developing an outline for
reviewing the principal clinical aspects of hypothyroidism.
Computerized and manual searching of the medical litera-
ture and various databases, primarily including Medline®,
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was based on specific section titles, thereby avoiding
inclusion of unnecessary detail and exclusion of important
studies. Compilation of the bibliography was a continual
and dynamic process. Once the principal clinical aspects
of hypothyroidism were defined, questions were formu-
lated with the intent to then develop recommendations that
addressed these questions. The grading of recommenda-
tions was based on consensus among the authors.

The final document was approved by the American
Association of Clinical Endocrinologists (AACE)
and American Thyroid Association (ATA), and was
officially endorsed by the American Association of
Diabetes Educators (AADE), American Academy of
Otolaryngology—Head and Neck Surgery (AAO-
HNS), American College of Endocrinology (ACE),
Italian Association of Clinical Endocrinologists (AME),
American Society for Metabolic & Bariatric Surgery
(ASMBS), The Endocrine Society of Australia (ESA),
International Association of Endocrine Surgeons (IAES),
Latin American Thyroid Society (LATS), and Ukranian
Association of Endocrine Surgeons (UAES).

Objectives

The purpose of these guidelines is to present an
updated evidence-based framework for the diagnosis,
treatment, and follow-up of patients with hypothyroidism.

Guidelines for CPGs

Current guidelines for CPGs in clinical medicine
emphasize an evidence-based approach rather than simply
expert opinion (6). Even though a purely evidence-based
approach is not applicable to all actual clinical scenarios,
we have incorporated this into these CPGs to provide
objectivity.

Levels of scientific substantiation and
recommendation grades (transparency)

All clinical data that are incorporated in these CPGs
have been evaluated in terms of levels of scientific sub-
stantiation. The detailed methodology for assigning evi-
dence levels (ELs) to the references used in these CPGs has
been reported by Mechanick ef al. (7), from which Table
2 is taken. The authors’ EL ratings of the references are
included in the References section. The four-step approach
that the authors used to grade recommendations is sum-
marized in Tables 3, 4, 5, and 6 of the 2010 Standardized
Production of Clinical Practice Guidelines (5), from which
Table 3 is taken. By explicitly providing numerical and
semantic descriptors of the clinical evidence as well as rel-
evant subjective factors and study flaws, the updated proto-
col has greater transparency than the 2008 AACE protocol
described by Mechanick et al. (7).

In these guidelines, the grading system used for the
recommendations does not reflect the instruction of the
recommendation, but the strength of the recommendation.
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Table 1
Organization of Clinical Practice Guidelines for Hypothyroidism in Adults
Item Page
Introduction 989
Methods 990
Objectives 990
Guidelines for CPGs 990
Levels of scientific substantiation and recommendation grades (transparency) 990
Summary of recommendation grades 995
Topics Relating to Hypothyroidism 995
Epidemiology 995
Primary and secondary etiologies of hypothyroidism 996
Disorders associated with hypothyroidism 997
Signs and symptoms of hypothyroidism 998
Measurement of T, and T, 998
Pitfalls encountered when interpreting serum TSH levels 999
Other diagnostic tests for hypothyroidism 1001
Screening and aggressive case finding for hypothyroidism 1001
When to treat hypothyroidism 1002
L-thyroxine treatment of hypothyroidism 1002
Therapeutic endpoints in the treatment of hypothyroidism 1006
When to consult an endocrinologist 1007
Concurrent conditions of special significance in hypothyroid patients 1007
Hypothyroidism during pregnancy 1007
Diabetes mellitus 1008
Infertility 1008
Obesity 1008
Patients with normal thyroid tests 1008
Depression 1008
Nonthyroidal illness 1009
Dietary supplements and nutraceuticals in the treatment of hypothyroidism 1009
Overlap of symptoms in euthyroid and hypothyroid patients 1009
Excess iodine intake and hypothyroidism 1010
Desiccated thyroid 1010
3,5,3 -Triiodothyroacetic acid 1010
Thyroid-enhancing preparations 1010
Thyromimetic preparations 1010
Selenium 1010
Questions and Guideline Recommendations 1011
Q1 When should antithyroid antibodies be measured? 1011
R1 TPOAb measurements and subclinical hypothyroidism 1011
R2 TPOAb measurements and nodular thyroid disease 1011
R3 TPOAb measurements and recurrent miscarriage 1011
R4 TSHRAb measurements in women with Graves’ disease who have had 1011
thyroidectomy or RAI treatment before pregnancy
Q2 What is th? r'ole of clinical scoring systems in the diagnosis of patients with 1011
hypothyroidism?
R5 Do not use clinical scoring systems to diagnose hypothyroidism 1011
Q3 What‘is the role of gﬁagnosti; tests apart from serum thyroid hormone levels and 1011
TSH in the evaluation of patients with hypothyroidism?
R6 ‘ Do not use indirect tests to diagnose hypothyroidism 1011
Q4 What are the prefe.rred thyroid hormot?e_measurements in addition to TSH in the 1011
assessment of patients with hypothyroidism?
R7 ‘ When to use free T, vs. total T, 1011
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Table 1 (Continued)
R8 Using free T, to monitor L-thyroxine treatment 1012
R9 Estimating serum free T, in pregnancy 1012
R10 Prohibition against using T, to diagnose hypothyroidism 1012
R11 Measuring TSH in hospitalized patients 1012
R12 Serum T, vs. TSH for management of central hypothyroidism 1012
Q5 When should TSH levels be measured in patients being treated for 1012
hypothyroidism?
R13 ‘ When to measure TSH in patients taking L-thyroxine for hypothyroidism 1012
Q6 What should be considered the upper limit of the normal range of TSH values? 1012
R14.1 Reference ranges for TSH, age, and lab variability 1012
R14.2 Reference ranges for TSH in pregnant women 1012
Q7 Which patients with TSH levels above a given laboratory’s reference range 1012
should be considered for treatment with L-thyroxine?
R15 Treating patients with TSH above 10 mIU/L 1012
R16 Treating if TSH is elevated but below 10 mIU/L 1013
Q8 In patients with hypothyroidism being treated with L-thyroxine what should the 1013
target TSH ranges be?
R17 ‘ Target TSH when treating hypothyroidism 1013
Q9 In patients with hypothyroidism being treated with L-thyroxine who are 1013
pregnant, what should the target TSH ranges be?
R18 ‘ Target TSH when treating hypothyroid pregnant women 1013
Q10 Which patients with normal serum TSH levels should be considered for treatment 1013
with L-thyroxine?
R19.1 L-thyroxine treatment in pregnant women with “normal” TSH 1013
R19.2 L-thyroxine treatment in women of child-bearing age or pregnant with
“normal” TSH and have positive TPOADb or history of miscarriage or 1013
hypothyroidism
R19.3 L-thyroxine treatment in pregnant women or those planning pregnancy with 1013
TPOADb and serum TSH is >2.5 mIU/L
R19.4 Monitoring of pregnant women with TPOAD or a “normal” TSH but >2.5 1014
mlIU/L who are not taking I-thyroxine
Ql1 Who, among patients who are pregnant, or planning pregnancy, or with other 1014
characteristics, should be screened for hypothyroidism?
R20.1.1 Universal screening of women planning pregnancy included assisted 1014
reproduction
R20.1.2 Aggressive case finding for hypothyroidism for women planning pregnancy 1014
R20.2 Age and screening for hypothyroidism 1014
R21 Aggressive case finding for hypothyroidism—whom to target 1014
Q12 How should patients with hypothyroidism be treated and monitored? 1014
R22.1 Form of thyroid hormone for treatment of hypothyroidism 1014
R22.2 L-thyroxine and L-triiodothyronine combinations to treat hypothyroidism 1014
R22.3 Prohibition against using L-thyroxine and L-triiodothyronine combinations 1014
to treat pregnant women or those planning pregnancy
R22.4 Prohibition against using desiccated thyroid hormone to treat 1014
hypothyroidism
R22.5 Prohibition against using TRIAC (tiratricol) to treat hypothyroidism 1014
Resuming L-thyroxine treatment for hypothyroidism in patients without
R22.6 . 1015
cardiac events
R22.7.1 L-thyroxine treatment for overt hypothyroidism in young healthy adults 1015
R22.7.2 L-thyroxine treatment for overt hypothyroidism in patients older than 50 to 1015
60 years
R22.8 L-thyroxine treatment for subclinical hypothyroidism compared to overt 1015
hypothyroidism
R22.9 Order of L-thyroxine treatment and glucocorticoids in patients with adrenal 1015
insufficiency and hypothyroidism
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Table 1 (Continued)
R23 L-thyroxine treatment for hypothyroidism—time to take, method of taking, 1015
and storage
R24 Free T, as the target measurement when treating central hypothyroidism 1015
R25.1 Testing and treating women with hypothyroidism as soon as they become 1015
pregnant
R25.2 Goal TSH in pregnant women with hypothyroidism 1015
R25.3 Monitoring pregnant women with hypothyroidism 1015
R26 Monitoring hypothyroid patients who start drugs affecting T, bioavailability 1016
or metabolism
R27 Prohibition against targeting specific TSH values in hypothyroid patients 1016
who are not pregnant
Q13 When should endocrinologists be involved in the care of patients with 1016
hypothyroidism?
R28 Type of hypothyroid patient who should be seen in consultation with an 1016
endocrinologist
Q14 Which patients should not be treated with thyroid hormone? 1016
R29 Need for biochemical confirmation of the diagnosis before chronic treatment 1016
of hypothyroidism
R30 Prohibition against using thyroid hormone to treat obesity 1016
R31 Thyroid hormone treatment and depression 1016
Q15 What is th'e role.' of iodine supplementation, c?iqtary supplements, and 1016
nutraceuticals in the treatment of hypothyroidism?
R32.1 Prohibition against using iodine supplementation to treat hypothyroidism in 1016
iodine-sufficient areas
R32.2 Inappropriate method for iodine supplementation in pregnant women 1016
R33 Prohibition against using selenium as treatment or preventive measurement 1016
for hypothyroidism
R34 Recommendation regarding dietary supplements, nutraceuticals, and 1016
products marked as “thyroid support” for hypothyroidism
Areas for Future Research 1017
Cardiac benefit from treating subclinical hypothyroidism 1017
Cognitive benefit from treating subclinical hypothyroidism 1017
L-thyroxine /L-triiodothyronine combination therapy 1017
L-triiodothyronine monotherapy 1017
Thyroid hormone analogues 1018
Screening for hypothyroidism in pregnancy 1018
Agents and conditions having an impact on L-thyroxine therapy and 1018
interpretation of thyroid tests
Author Disclosure Statement 1019
Acknowledgments 1019
References including authors’ evidence level (EL) rankings 1019
Supplementary Data Online at www.
1. Supplementary information regarding ATA and AACE guidelines endocrinepratice.org
2. Complete list of guideline recommendations

Note: When referring to therapy and therapeutic preparations in the recommendations and elsewhere, L-thyroxine and
L-triiodothyronine are generally used instead of their respective hormonal equivalents, T, and T5.

Abbreviations: AACE = American Association of Clinical Endocrinologists; ATA = American Thyroid Association; CPG = Clinical
Practice Guideline; RAI = radioactive iodine; T,= triiodothyronine; T,= thyroxine; TPOAD = anti-thyroid peroxidase antibodies;
TRIAC = 3,5,3"-triiodothyroacetic acid; TSH = thyrotropin; TSHRAb, TSH receptor antibodies.
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For example in some grading systems “should not” implies
that there is substantial evidence to support a recommenda-
tion. However the grading method employed in this guide-
line enables authors to use this language even when the
best evidence level available is “expert opinion.” Although
different grading systems were employed, an effort was
made to make these recommendations consistent with
related portions of “Hyperthyroidism and Other Causes of
Thyrotoxicosis: Management Guidelines of the American
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Thyroid Association and American Association of Clinical
Endocrinologists” (8,9), as well as the “Guidelines of
the American Thyroid Association for the Diagnosis and
Management of Thyroid Disease During Pregnancy and
Postpartum” (10).

The shortcomings of this evidence-based methodol-
ogy in these CPGs are that many recommendations are
based on weak scientific data (Level 3) or consensus opin-
ion (Level 4), rather than strong scientific data (Levels

Table 2
Levels of Scientific Substantiation in Evidence-Based Medicine*

Level Description

Comments

1 Prospective, randomized, controlled trials—
large

Data are derived from a substantial number of trials with
adequate statistical power involving a substantial number
of outcome data subjects.

Large meta-analyses using raw or pooled data or
incorporating quality ratings

Well-controlled trial at one or more centers

Consistent pattern of findings in the population for which
the recommendation is made (generalizable data).

Compelling nonexperimental, clinically obvious,
evidence (e.g., thyroid hormone treatment for myxedema
coma), “all-or-none” indication

2 Prospective controlled trials with or without
randomization—limited body of outcome
data

Limited number of trials, small population sites in trials

Well-conducted single-arm prospective cohort study

Limited but well-conducted meta-analyses

Inconsistent findings or results not representative for the
target population

Well-conducted case-controlled study

3 Other experimental outcome data and
nonexperimental data

Nonrandomized, controlled trials

Uncontrolled or poorly controlled trials

Any randomized clinical trial with one or more major or
three or more minor methodological flaws

Retrospective or observational data

Case reports or case series

Conflicting data with weight of evidence unable to
support a final recommendation

4 Expert opinion

Inadequate data for inclusion in level 1, 2, or 3;
necessitates an expert panel’s synthesis of the literature
and a consensus

Experience based

Theory driven

Source: Mechanick et al., 2008 (7).

*Levels 1, 2, and 3 represent a given level of scientific substantiation or proof. Level 4 or Grade D represents unproven claims. It is
the “best evidence” based on the individual ratings of clinical reports that contributes to a final grade recommendation.
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1 and 2). There are also the problems of (i) subjectivity
on the part of the authors when weighing positive and
negative, or epidemiologic versus experimental, data
in order to arrive at an evidence-based recommendation
grade or consensus opinion, (ii) subjectivity on the part
of the authors when weighing subjective attributes, such
as cost effectiveness and risk-to-benefit ratios, in order
to arrive at an evidence-based recommendation grade or
consensus opinion, (iii) potentially incomplete review of
the literature by the authors despite extensive diligence,
and (iv) bias in the available publications, which origi-
nate predominantly from experienced clinicians and large
academic medical centers and may, therefore, not reflect
the experience at large. The authors, through an a priori
methodology and multiple levels of review, have tried
to address these shortcomings by discussions with three
experts (see Acknowledgments).

Summary of recommendation grades

The recommendations are evidence-based (Grades A,
B, and C) or based on expert opinion because of a lack
of conclusive clinical evidence (Grade D). The “best evi-
dence” rating level (BEL), which corresponds to the best
conclusive evidence found, accompanies the recommenda-
tion grade. Details regarding the mapping of clinical evi-
dence ratings to these recommendation grades have already
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been provided [see Levels of scientific substantiation and
recommendation grades (transparency)]. In this CPG, a
substantial number of recommendations are upgraded or
downgraded because the conclusions may not apply in
other situations (non-generalizability). For example, what
applies to an elderly population with established cardiac
disease may not apply to a younger population without
cardiac risk factors. Whenever expert opinions resulted in
upgrading or downgrading a recommendation, it is explic-
itly stated after the recommendation.

TOPICS RELATING TO HYPOTHYROIDISM

Epidemiology

Hypothyroidism may be either subclinical or overt.
Subclinical hypothyroidism is characterized by a serum
TSH above the upper reference limit in combination with a
normal free thyroxine (T,). This designation is only appli-
cable when thyroid function has been stable for weeks or
more, the hypothalamic-pituitary-thyroid axis is normal,
and there is no recent or ongoing severe illness. An ele-
vated TSH, usually above 10 mIU/L, in combination with
a subnormal free T, characterizes overt hypothyroidism.

The results of four studies are summarized in Table
4. The National Health and Nutrition Examination Survey
(NHANES 11I) studied an unselected U.S. population over

Table 3
Grade-Recommendation Protocol

2010 AACE Protocol for Production of Clinical Practice Guidelines—Step III: Grading of recommendations;
How different evidence levels can be mapped to the same recommendation grade

Best evidence Subjective factor Two-thirds
level impact consensus Mapping? Recommendation grade
1 None Yes Direct A
2 Positive Yes Adjust up A
2 None Yes Direct B
1 Negative Yes Adjust down B
3 Positive Yes Adjust up B
3 None Yes Direct C
2 Negative Yes Adjust down C
4 Positive Yes Adjust up C
4 None Yes Direct D
3 Negative Yes Adjust down D
1,2,3.4 N/A No Adjust down D

Adopted by the AACE and the ATA for the Hypothyroidism CPG.

4Starting with the left column, best evidence levels (BELs) subjective factors, and consensus map to recommendation grades in the
right column. When subjective factors have little or no impact (“none”), then the BEL is directly mapped to recommendation grades.
When subjective factors have a strong impact, then recommendation grades may be adjusted up (“positive” impact) or down
(“negative” impact). If a two-thirds consensus cannot be reached, then the recommendation grade is D.

Source: Mechanick et al., 2010 (5).

N/A, not applicable (regardless of the presence or absence of strong subjective factors, the absence of a two-thirds consensus
mandates a recommendation grade D).
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age 12 between 1988 and 1994, using the upper limit of
normal for TSH as 4.5 mIU/mL (11). The prevalence of
subclinical disease was 4.3% and overt disease 0.3%. The
Colorado thyroid disease prevalence survey, in which self-
selected individuals attending a health fair were tested
and an upper normal TSH value of 5.0 mIU/L was used,
reported a prevalence of 8.5% and 0.4% for subclinical and
overt disease, respectively, in people not taking thyroid hor-
mone (12). In the Framingham study, 5.9% of women and
2.3% of men over the age of 60 years had TSH values over
10 mIU/L, 39% of whom had subnormal T, levels (13). In
the British Whickham survey 9.3% of women and 1.2% of
men had serum TSH values over 10 mIU/L (14,15). The
incidence of hypothyroidism in women was 3.5 per 1000
survivors per year and in men it was 0.6 per 1000 survivors
per year. The risk of developing hypothyroidism in women
with positive antibodies and elevated TSH was 4% per year
versus 2%-3% per year in those with either alone (14,15).
In men the relative risk rose even more in each category,
but the rates remained well below those of women.

Primary and secondary etiologies of hypothyroidism

Environmental iodine deficiency is the most common
cause of hypothyroidism on a worldwide basis (16). In
areas of iodine sufficiency, such as the United States, the
most common cause of hypothyroidism is chronic autoim-
mune thyroiditis (Hashimoto’s thyroiditis). Autoimmune
thyroid diseases (AITDs) have been estimated to be 5-10
times more common in women than in men. The ratio var-
ies from series to series and is dependent on the definition
of disease, whether it is clinically evident or not. In the
Whickham survey (14), for example, 5% of women and
1% of men had both positive antibody tests and a serum
TSH value >6. This form of AITD (i.e., Hashimoto’s thy-
roiditis, chronic autoimmune thyroiditis) increases in fre-
quency with age (11), and is more common in people with
other autoimmune diseases and their families (17-25).
Goiter may or may not be present.

Copyright © 2012 AACE

AITDs are characterized pathologically by infiltration
of the thyroid with sensitized T lymphocytes and serologi-
cally by circulating thyroid autoantibodies. Autoimmunity
to the thyroid gland appears to be an inherited defect in
immune surveillance, leading to abnormal regulation of
immune responsiveness or alteration of presenting antigen
in the thyroid (26,27).

One of the keys to diagnosing AITDs is determin-
ing the presence of elevated anti-thyroid antibody titers
which include anti-thyroglobulin antibodies (TgAb), anti-
microsomal/anti-thyroid peroxidase antibodies (TPOAD),
and TSH receptor antibodies (TSHRADb). Many patients
with chronic autoimmune thyroiditis are biochemically
euthyroid. However, approximately 75% have elevated
anti-thyroid antibody titers. Once present, these antibodies
generally persist, with spontaneous disappearance occur-
ring infrequently. Among the disease-free population in the
NHANES survey, tests for TgAb were positive in 10.4%
and TPOAD in 11.3%. These antibodies were more com-
mon in women than men and increased with age. Only pos-
itive TPOAD tests were significantly associated with hypo-
thyroidism (11). The presence of elevated TPOAD titers in
patients with subclinical hypothyroidism helps to predict
progression to overt hypothyroidism—4.3% per year with
TPOAD vs. 2.6% per year without elevated TPOAD titers
(14,28). The higher risk of developing overt hypothyroid-
ism in TPOAb-positive patients is the reason that several
professional societies and many clinical endocrinologists
endorse measurement of TPOADs in those with subclinical
hypothyroidism.

In patients with a diffuse, firm goiter, TPOAb should
be measured to identify autoimmune thyroiditis. Since non-
immunologically mediated multinodular goiter is rarely
associated with destruction of functioning tissue and pro-
gression to hypothyroidism (29), it is important to identify
those patients with the nodular variant of autoimmune thy-
roiditis in whom these risks are significant. In some cases,
particularly in those with thyroid nodules, fine-needle

Table 4
Prevalence of Hypothyroidism
Study Subclinical Overt TSH Comment
NHANES III 4.3% 0.3% 4.5
Colorado Thyroid 8.5% 0.4% 5.0 Not on thyroid hormone
Disease Prevalence
Framingham 10.0 Over age 60 years: 5.9% women;
2.3% men; 39% of whom had
subnormal T,
British Whickham 10.0 9.3% women; 1.2% men

and Tunbridge, 2002 (15).

Sources: Hollowell et al., 2002 (11); Canaris et al., 2000 (12); Sawin et al., 1985 (13); Vanderpump et al., 1995 (14); Vanderpump

Abbreviations: NHANES = National Health and Nutrition Examination Survey.
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aspiration (FNA) biopsy helps confirm the diagnosis and
to exclude malignancy. Also, in patients with documented
hypothyroidism, measurement of TPOAb identifies the
cause.

In the presence of other autoimmune disease such
as type 1 diabetes (20,21) or Addison’s disease (17,18),
chromosomal disorders such as Down’s (30) or Turner’s
syndrome (31), and therapy with drugs such as lithium
(32-34), interferon alpha (35,36), and amiodarone (37) or
excess iodine ingestion (e.g., kelp) (38-40), TPOAb mea-
surement may provide prognostic information on the risk
of developing hypothyroidism.

TSHRAD may act as a TSH agonist or antagonist (41).
Thyroid stimulating immunoglobulin (TSI) and/or thyro-
tropin binding inhibitory immunoglobulin (TBII) levels,
employing sensitive assays, should be measured in euthy-
roid or L-thyroxine-treated hypothyroid pregnant women
with a history of Graves’ disease because they are predic-
tors of fetal and neonatal thyrotoxicosis (42). Since the risk
for thyrotoxicosis correlates with the magnitude of eleva-
tion of TSI, and since TSI levels tend to fall during the
second trimester, TSI measurements are most informative
when done in the early third trimester. The argument for
measurement earlier in pregnancy is also based, in part, on
determining whether establishing a surveillance program
for ongoing fetal and subsequent neonatal thyroid dysfunc-
tion is necessary (43).

Hypothyroidism may occur as a result of radioiodine
or surgical treatment for hyperthyroidism, thyroid cancer,
or benign nodular thyroid disease and after external beam
radiation for non-thyroid-related head and neck malignan-
cies, including lymphoma. A relatively new pharmacologic
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cause of iatrogenic hypothyroidism is the tyrosine kinase
inhibitors, most notably sunitinib (44,45), which may
induce hypothyroidism through reduction of glandular vas-
cularity and induction of type 3 deiodinase activity.

Central hypothyroidism occurs when there is insuf-
ficient production of bioactive TSH (46,47) due to pitu-
itary or hypothalamic tumors (including craniopharyn-
giomas), inflammatory (lymphocytic or granulomatous
hypophysitis) or infiltrative diseases, hemorrhagic necrosis
(Sheehan’s syndrome), or surgical and radiation treatment
for pituitary or hypothalamic disease. In central hypothy-
roidism, serum TSH may be mildly elevated, but assess-
ment of serum free T, is usually low, differentiating it from
subclinical primary hypothyroidism.

Consumptive hypothyroidism is a rare condition that
may occur in patients with hemangiomata and other tumors
in which type 3 iodothyronine deiodinase is expressed,
resulting in accelerated degradation of T, and triiodothyro-
nine (T,) (48,49).

Disorders associated with hypothyroidism

The most common form of thyroid failure has an
autoimmune etiology. Not surprisingly, there is also an
increased frequency of other autoimmune disorders in this
population such as type 1 diabetes, pernicious anemia,
primary adrenal failure (Addison’s disease), myasthenia
gravis, celiac disease, rheumatoid arthritis, systemic lupus
erythematosis (17-25), and rarely thyroid lymphoma (50).

Distinct genetic syndromes with multiple autoimmune
endocrinopathies have been described, with some over-
lapping clinical features. The presence of two of the three
major characteristics is required to diagnose the syndrome

Table 5
Factors that Alter Thyroxine and Triiodothyronine Binding in Serum
Increased TBG Decreased TBG Binding inhibitors
Inherited Inherited Salicylates
Pregnancy Androgens Furosemide
Neonatal state Anabolic steroids Free fatty acids
Estrogens Glucocorticoids Phenytoin
Hepatitis Severe illness Carbamazepine
Porphyria Hepatic failure NSAIDs (variable, transient)
Heroin Nephrosis Heparin
Methadone Nicotinic acid
Mitotane L-Asparaginase
5-Fluorouracil
SERMS (e.g., tamoxifen, raloxifene)
Perphanazine

anti-inflammatory drugs.

Abbreviations: TBG = T,-binding globulin; SERMS = selective estrogen receptor modulators; NSAIDs = nonsteroidal
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of multiple autoimmune endocrinopathies (MAEs). The
defining major characteristics for type 1 MAE and type 2
MAE are as follows:

e Type 1 MAE: Hypoparathyroidism, Addison’s
disease, and mucocutaneous candidiasis caused
by mutations in the autoimmune regulator gene
(AIRE), resulting in defective AIRE protein (51).
Autoimmune thyroiditis is present in about 10%-
15% (52).

* Type2 MAE: Addison’s disease, autoimmune thy-
roiditis, and type 1 diabetes known as Schmidt’s
syndrome (53).

When adrenal insufficiency is present, the diagnosis of
subclinical hypothyroidism should be deferred until after
glucocorticoid therapy has been instituted because TSH
levels may be elevated in the presence of untreated adrenal
insufficiency and may normalize with glucocorticoid ther-
apy (54,55) (see L-thyroxine treatment of hypothyroidism).

Signs and symptoms of hypothyroidism

The well-known signs and symptoms of hypothyroid-
ism tend to be more subtle than those of hyperthyroidism.
Dry skin, cold sensitivity, fatigue, muscle cramps, voice
changes, and constipation are among the most common.
Less commonly appreciated and typically associated with
severe hypothyroidism are carpal tunnel syndrome, sleep
apnea, pituitary hyperplasia that can occur with or with-
out hyperprolactinemia and galactorrhea, and hyponatre-
mia that can occur within several weeks of the onset of
profound hypothyroidism. Although, for example, in the
case of some symptoms such as voice changes subjective
(12,56) and objective (57) measures differ. Several rating
scales (56,58,59) have been used to assess the presence
and, in some cases, the severity of hypothyroidism, but
have low sensitivity and specificity. While the exercise of
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calculating clinical scores has been largely superseded by
sensitive thyroid function tests, it is useful to have objec-
tive clinical measures to gauge the severity of hypothy-
roidism. Early as well as recent studies strongly correlate
the degree of hypothyroidism with ankle reflex relaxation
time, a measure rarely used in current clinical practice
today (60).

Normalization of a variety of clinical and metabolic
end points including resting heart rate, serum cholesterol,
anxiety level, sleep pattern, and menstrual cycle abnor-
malities including menometrorrhagia are further con-
firmatory findings that patients have been restored to a
euthyroid state (61-65). Normalization of elevated serum
creatine kinase or other muscle (66) or hepatic enzymes
following treatment of hypothyroidism (67) are additional,
less well-appreciated and also nonspecific the