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Thyroid hormone replacement has been used for more than a century to treat hypothyroidism.
Natural thyroid preparations (thyroid extract, desiccated thyroid, or thyroglobulin), which contain
both thyroxine (T4) and triiodothyronine (T3), were the first pharmacologic treatments available
and dominated the market for the better part of the 20th century. Dosages were adjusted to resolve
symptoms and to normalize the basal metabolic rate and/or serum protein-bound iodine level, but
thyrotoxic adverse effects were not uncommon. Two major developments in the 1970s led to a
transition in clinical practice: 1) The development of the serum thyroid-stimulating hormone
(TSH) radioimmunoassay led to the discovery that many patients were overtreated, resulting in a
dramatic reduction in thyroid hormone replacement dosage, and 2) the identification of peripheral
deiodinase-mediated T4-to-T3 conversion provided a physiologic means to justify L-thyroxine
monotherapy, obviating concerns about inconsistencies with desiccated thyroid. Thereafter, Lthyroxine mono-therapy at doses to normalize the serum TSH became the standard of care. Since
then, a subgroup of thyroid hormone–treated patients with residual symptoms of hypothyroidism
despite normalization of the serum TSH has been identified. This has brought into question the
inability of L-thyroxine monotherapy to universally normalize serum T3 levels. New research
suggests mechanisms for the inadequacies of L-thyroxine monotherapy and highlights the possible
role for personalized medicine based on deiodinase polymorphisms. Understanding the historical
events that affected clinical practice trends provides invaluable insight into formulation of an
approach to help all patients achieve clinical and biochemical euthyroidism.
Major diagnostic and therapeutic advancements in the early 20th century dramatically
changed the prognosis of hypothyroidism from a highly morbid condition to one that could
be successfully managed with safe, effective therapies. These advancements dictated
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treatment trends that have led to the adoption of L-thyroxine monotherapy, administered at
doses to normalize serum thyroid-stimulating hormone (TSH), as the contemporary standard
of care (Figure). Most patients do well with this approach, which both normalizes serum
TSH levels and leads to symptomatic remission (1).

Author Manuscript

Despite these successes, authors have questioned the efficacy of L-thyroxine monotherapy
because about 10% to 15% of patients are dissatisfied as a result of residual symptoms of
hypothyroidism (1, 2), including neurocognitive impairment (3), and about 15% of patients
do not achieve normal serum triiodothyronine (T3) levels (4). Studies of several animal
models indicate that maintaining normal serum T3 levels is a biological priority (5).
Although the clinical significance of relatively low serum T3 in humans is not well-defined
(1), evidence shows that elevating serum T3 through the administration of both L-thyroxine
and L-triiodothyronine has benefited some patients (6, 7). However, this has not been
consistently demonstrated across trials (1). Novel findings highlight the molecular
mechanisms underlying the inability of L-thyroxine monotherapy to universally normalize
measures of thyroid hormone signaling (8, 9), and new evidence may lay the foundation for
a role of personalized medicine (10). Understanding the historical rationale for the trend
toward L-thyroxine monotherapy allows us to identify scientific and clinical targets for future
trials.

Establishing the Need for Thyroid Replacement
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Cases of myxedema were reported in the mid–19th century but were not initially connected
with a deficiency from the thyroid gland until surgeons identified incident myxedema after
thyroidectomy (11). Initial treatment strategies were largely insufficient and primarily
symptom directed, including hot baths and institutionalization (12). The significant
morbidity and mortality in the absence of efficacious treatment were clear, and thus the need
to “replace” the thyroid through surgical transplantation or oral or intravenous routes was
established. Thyroid transplant had some early successes, but for many patients symptoms
recurred and the procedure even had to be repeated (13). Because of the rapidity and
transiency of improvement (12), it was hypothesized that symptoms improved by absorption
of the “juice” of the donor gland (14).
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Trials of the first pharmacologic strategies included intravenous or subcutaneous (12) or oral
(15) administration of thyroid extract, in addition to “thyroid feeding,” the consumption of
raw or cooked thyroid gland (16), with sustainable successes. Oral replacement strategies
quickly won favor, although “alarming symptoms” associated with treatment were noted;
however, the details were not fully described (17). Thyroid transplant may one day reemerge
as a viable treatment option given that functional thyroid tissue can be generated from stem
cells (18).

Role of Basal Metabolic Rate and Serum Protein-Bound Iodine in Diagnosis
and Treatment
The association between hypothyroidism and energy expenditure was suspected clinically,
and the discovery of lower O2 consumption in myxedema provided an early diagnostic tool
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(19). The development of a device to assess energy expenditure through measurement of the
basal metabolic rate (BMR) in humans proved to be useful for not only diagnosis but also
titration of therapy (20). The scale was calibrated so that a normal BMR reference range
would be around 0%, whereas athyreotic individuals could have a BMR of about −40% (21).
Because of lack of specificity (for example, low BMR in malnutrition), BMR was used in
conjunction with the overall clinical impression; a low BMR in the setting of high clinical
suspicion would secure a diagnosis and justify treatment (21, 22).
L-Thyroxine

Author Manuscript

was the first synthetic molecule used to treat hypothyroidism (23) and was
shown to be efficacious as monotherapy for myxedema (24). Around that time, serum
protein-bound iodine (PBI) emerged as a diagnostic test and therapeutic marker; serum PBI
quantitation was the only valid way to biochemically assess thyroid hormone status (25).
This tool was limited in terms of treatment monitoring because the effect on serum PBI
varied by agent (26). For example, L-triiodothyronine corrected BMR without much increase
in serum PBI, L-thyroxine increased serum PBI sometimes to above normal, and
combination L-thyroxine and L-triiodothyronine and desiccated thyroid had the advantage of
normalizing serum PBI (27). In addition to BMR and serum PBI, other surrogates for
treatment response included cholesterol levels, symptoms, and deep tendon reflexes, but
their lack of sensitivity was always recognized (28).

Evidence of Overtreatment in Early Trials
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With the availability of multiple forms of thyroid hormone replacement, early clinical trials
were designed to assess efficacy and dose equivalency among natural thyroid (typically
desiccated), synthetic L-thyroxine, and/or L-triiodothyronine. These were not designed as
superiority trials, their therapeutic goals were the normalization of serum PBI or BMR, and
doses were dramatically higher than used today. For example, desiccated thyroid and
intravenous L-thyroxine monotherapy normalized BMR, pulse, and body weight in
myxedema (29), L-triiodothyronine monotherapy was likewise effective (30), and the
potency of L-triiodothyronine exceeded that of L-thyroxine (31).
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These clinical trials also began to define the adverse-effect profiles associated with these
agents; thyrotoxicosis was frequently encountered. Patients treated with L-triiodothyronine3
(100 to 175 mcg/d) normalized BMR faster than did those receiving desiccated thyroid (120
to 210 mg/d) or L-thyroxine (200 to 350 mcg/d) but were more likely to experience angina
(32). Desiccated thyroid was also associated with adverse symptoms in other studies; muscle
stiffness, psychosis, and angina all occurred (33). In a crossover study of L-triiodothyronine
monotherapy (75 to 100 mcg/d), L-thyroxine monotherapy (200 to 300 mcg/d), and
desiccated thyroid (1.5 to 3 grains/d), all of these therapies restored BMR and serum PBI;
with L-triiodothyronine, however, angina and heart failure occurred. Dose reduction
corrected these adverse effects, but authors concluded that L-thyroxine monotherapy or
thyroid extract was preferred (34). In a trial of L-thyroxine monotherapy at doses of 200 to
300 mcg/d versus L-thyroxine (80 mcg) plus L-triiodothyronine (20 mcg) daily, patients
receiving the combination had such symptoms as palpitations, nervousness, tremor, and
perspiration (35). Some early proponents of L-thyroxine monotherapy emerged because of
less frequent thyrotoxic effects (24), but it is difficult to determine whether such adverse
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effects were related to the agent used or its high dosage. Thyrotoxic adverse effects were
typically remediable by simple dose reduction (36), so desiccated thyroid remained the
preparation of choice (37).

Rise and Fall of Natural Thyroid Products
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From the early 1890s through the mid-1970s, desiccated thyroid was the preferred form of
therapy for hypothyroidism (Appendix Table, available at www.annals.org). This preference
was reinforced by the unique ability of desiccated thyroid to reproduce a normal serum PBI
(33). The predominance of natural thyroid products was illustrated by prescribing patterns in
the United States: In 1965, approximately 4 of every 5 prescriptions for thyroid hormone
were for natural thyroid preparations (38). Concerns about inconsistencies in the potency of
these tablets arose (26) after the discovery that some contained anywhere from double to no
detectable metabolic activity (39). The shelf-life of desiccated tablets was limited, especially
if the tablets were kept in humid conditions (36). There were reports of patients not
responding to desiccated thyroid altogether because their tablets contained no active thyroid
hormone. It was not until 1985 that the revision of the U.S. Pharmacopeia standard from
iodine content to T3/thyroxine (T4) content resulted in stable potency (38), but by then the
reputation of natural thyroid products was tarnished (40).
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Physicians hesitated to use L-thyroxine monotherapy over concern that it could result in a
relative T3 deficiency, despite growing discontent with potency of natural thyroid products
(39) and reduced cost of L-thyroxine, such that the 2 treatments were approximately
equivalent (36, 41). The seminal discovery of peripheral T4-to-T3 conversion in athyreotic
individuals largely obviated this concern (42). This laid the foundation for the corollary that
treatment with L-thyroxine could replace thyroid hormone in such a way that the
prohormone pool would be restored and the deiodinases would regulate the pool of active
T3. Within a decade there was a major transition toward L-thyroxine monotherapy as firstline therapy (Appendix Table and Figure) (38).

Effect of Radioimmunoassay-Based Thyroid Function Tests

Author Manuscript

The development of TSH radioimmunoassay (43) provided the first sensitive and specific
marker of systemic thyroid hormone status (Figure). Clinicians could now titrate therapy to
achieve a serum TSH within the normal range as a specific marker of replacement adequacy
(44). For patients who were once treated with doses that normalized their symptoms, BMR,
or serum PBI, the use of serum TSH revealed such doses to be typically supratherapeutic
(45, 46). Maintenance doses of L-thyroxine ranged from 200 to 500 mcg/d before the
institution of the TSH assay and then became typically closer to 100 to 150 mcg/d
(Appendix Table). Implementation of the TSH radioimmunoassay also provided a means to
diagnose much milder, or even subclinical, cases of hypothyroidism that may have been
undiagnosed with earlier, less sensitive, diagnostic methods (47).
Radioimmunoassays for measurement of serum T3 (48) and T4 (49) were soon developed,
and it was observed that L-thyroxine monotherapy could normalize both T4 and T3 levels at
the expense of a high T4:T3 ratio. In contrast, L-triiodothyronine, desiccated thyroid,
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thyroglobulin, and L-thyroxine/L-triiodothyronine combination all typically resulted in low
or low-normal serum T4 values with usually elevated serum T3 levels, and thus a low T4:T3
ratio (28). Desiccated thyroid resulted in a T3 peak about 2 to 5 hours after administration
that corresponded to thyrotoxic symptoms in some patients (50). That a single daily dose of
L-thyroxine resulted in stable blood levels of T4 and T3 throughout the day (48) was
understood to result from a steady rate of conversion of T4 to T3 (51).
L-Thyroxine
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monotherapy, the novel and physiologically savvy method for treatment of
hypothyroidism, contrasted with the traditional approach of natural thyroid preparations that
was marred by potency concerns. In less than a decade, there was a major shift in treatment
of hypothyroidism such that normalization of TSH with L-thyroxine monotherapy became
the new standard of care (Appendix Table) (52). Many clinicians advocated for this to be
first-line therapy and for patients previously treated with desiccated thyroid to be
transitioned to L-thyroxine monotherapy (50).

L

-Thyroxine Monotherapy Fails to Restore All Markers of Hypothyroidism
Clinicians noted several differences in the ability of L-thyroxine monotherapy to normalize
markers of hypothyroidism at doses that normalized serum TSH (45). For instance, in many
L-thyroxine-treated patients with a normal serum TSH, the BMR remained at about 10% less
than that of normal controls even after 3 months of therapy (53). At the same time, doses of
L-thyroxine that normalize the BMR can suppress serum TSH and cause iatrogenic
thyrotoxicosis (28, 45, 46). The clinical significance of this was not fully understood
because many patients appeared clinically euthyroid with a BMR between −20% and −10%
(36, 37).
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Hypothyroidism is a secondary cause of dyslipidemia, typically manifesting in elevation of
low-density lipoprotein and total cholesterol levels. It is clear that treatment resulting in the
normalization of the serum TSH is associated with reduction in total cholesterol levels (54),
but whether total cholesterol is fully normalized by L-thyroxine monotherapy is less welldefined. An analysis of 18 studies on the effect of thyroid hormone replacement on total
cholesterol levels in overt hypothyroidism showed a reduction in the total cholesterol level in
all 18 studies; however, in 14 of the 18 studies, the mean post treatment total cholesterol
level remained above the normal range (>200 mg/dL [>5.18 mmol/L]) (55). These findings
suggest that lipid measures are not fully restored despite normalization of the serum TSH
(56). Whether the degree of dyslipidemia remaining in L-thyroxine-treated patients with a
normal TSH is clinically significant is unknown, given that the benefit of thyroid hormone
replacement in subclinical hypothyroidism is itself controversial (57, 58).
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Although relatively low serum T3 levels could contribute to these residual manifestations,
the higher serum T4:T3 ratio should also be considered. This has been well-established for 4
decades (28, 50, 59), but only recently has it been recognized as a relevant measure given
that higher serum T4 levels will impair systemic T3 production via downregulation of a
deiodinase pathway (9). Thus, some emphasis has recently been directed toward establishing
the clinical significance of this ratio (1, 5).
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The normal values for the serum T4:T3 ratio are seldom discussed in the literature because
measurement of serum T3 levels is not a recommended outcome in hypothyroidism (1). In a
large study of approximately 3800 healthy individuals (4), the serum free T4:free T3 ratio
was around 3, as opposed to a ratio of 4 in more than 1800 patients who had undergone
thyroidectomy and were receiving L-thyroxine monotherapy. The corresponding serum free
T4:free T3 ratio in patients continuing to receive desiccated thyroid is not well-defined, but
the serum total T4:T3 ratio is known to be low (28, 50). In one study, the serum total T4:total
T3 was about 40 in patients receiving desiccated thyroid and about 100 in those taking Lthyroxine monotherapy (60). Of course, this is affected by the timing of blood collection in
relation to the timing of L-triiodothyronine administration, which is not commonly reported.
Other key factors are the well-known poor reproducibility of the serum total T3 assay (61)
and the interferences with direct measurement of free T3 (5).
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Thus, neither desiccated thyroid nor L-thyroxine monotherapy recreates a biochemical state
of euthyroidism as defined by the serum T4:T3 ratio. L-Thyroxine and L-triiodothyronine
combination therapy theoretically could be titrated to restore this measure, but such a
method would be challenging because of the frequent dosing schedule needed to achieve
stable serum T3 levels (5). New technology is needed to allow for steady delivery of Lthyroxine; only then would high-quality clinical trials best investigate the utility of the serum
T4:T3 ratio as an outcome measure in hypothyroidism.

The “Euthyroid“ Yet Symptomatic Patient
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There is little mention of patients who did not respond symptomatically to treatment despite
having normalization of their other measured variables, such as BMR or serum PBI, in the
early clinical trials in the 1940s through 1960s. After the 1970s (38, 52), a new category of
hypothyroid patient was recognized: the patient who received thyroid hormone replacement
therapy, had normal serum TSH, and exhibited residual symptoms of hypothyroidism.
Initially, such symptoms were largely dismissed as unrelated to the thyroid condition (62).
Indeed, hypothyroidism is prevalent, and symptoms overlap with those of other common
conditions, including menopause, depression, and chronic fatigue syndrome. Likewise,
thyroid hormone had been administered for nonthyroid disorders, including obesity and
psychiatric disease, for decades. Thus, it was difficult to assess whether patients with
residual symptoms had been misdiagnosed. Residual symptoms were even attributed to
nonadherence (63).
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Although the implementation of sensitive TSH assays resulted in dose reduction, it also
fueled the discovery of subclinical states of hypothyroidism (i.e., serum TSH <10 mIU/L
and normal serum free T4); this state is 20 times more prevalent than overt hypothyroidism
(64). Hence, many patients with vague symptoms, such as depressed mood and fatigue, are
commonly screened and found to have subclinical hypothyroidism. In many cases, this
finding prompts the conclusion that the subclinical hypothyroidism is the cause of the
nonspecific symptoms, and thyroid hormone therapy is initiated. The patients in whom the
cause–effect relationship was incorrect contribute to the increasing number of euthyroid but
symptomatic patients (57). The marked increase in prescribing of thyroid hormone with
decreasing TSH thresholds amplifies this problem (47).
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To document that this was a result of trends toward lower doses, an unblinded study tracked
well-being according to various doses and found that the highest well-being was achieved at
supraoptimal doses, resulting in a suppressed TSH (65). However, a blinded trial did not
reproduce this finding (66). In a call to the public, a 1997 British Thyroid Foundation
newsletter asked readers to recount personal history of residual hypothyroid symptoms.
More than 200 patients responded, 54 of whom specifically mentioned that they did not feel
well despite normal serum markers of thyroid function (67, 68). Because of this surge in
symptomatic patients, some clinicians advocated titrating dose by symptoms rather than
serum TSH, reminiscent of the period before the 1970s (69).
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A clinical trial investigating symptoms found that patients receiving L-thyroxine
monotherapy, even with a normal TSH, displayed substantial impairment in psychological
well-being compared with controls of similar age and sex (3). Because some hypothesized
that this phenomenon came about only after adoption of L-thyroxine monotherapy, a study
assessed combination therapy with L-thyroxine and L-triiodothyronine. Remarkably, the
latter study showed that psychological measures improve in patients receiving combination
therapy until serum TSH level is normal (6). In another study comparing L-thyroxine
monotherapy versus desiccated thyroid, in which both groups had a normal TSH, many
patients preferred desiccated thyroid and lost weight (60). Unfortunately, the solution to this
complex problem is not as simple as reverting to combination therapy; the more than a
dozen clinical trials on the subject have not shown benefit of superiority and preference for
combination therapy, as previously reviewed (1, 3, 70).

Changing Themes in Treatment Guidelines
Author Manuscript
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In the 1995 American Thyroid Association (ATA) guidelines, biological and synthetic
thyroid hormone preparations containing T4 plus T3 were not recommended out of concern
for fluctuating and often elevated serum T3 concentrations (71). In conjunction with the
American Association of Clinical Endocrinologists in 2012, the ATA continued to
recommend L-thyroxine monotherapy and noted that evidence does not support using
synthetic combination therapies; in addition, they stated that “desiccated thyroid hormone
should not be used for the treatment of hypothyroidism” (72). In 2014, the ATA
recommendations evolved with the recognition that 1) serum T3 levels might not be
normalized in all L-thyroxine–treated hypothyroid patients and 2) some patients remain
symptomatic while receiving L-thyroxine monotherapy. Titration of L-thyroxine dose to
achieve normal TSH concentrations remains a first-line approach, but trials with
combination therapy can be considered. In addition, the guidelines recognize that although
superiority data are lacking, some patients do experience a clinical response with desiccated
thyroid preparations or combination therapy with L-thyroxine plus L-triiodothyronine (1).
The European Thyroid Association has similar recommendations (2).

The Future
L-Thyroxine monotherapy for athyreotic rats results in a high T4:T3 ratio at doses sufficient
to normalize serum TSH levels (8). Yet, the brain, liver, and skeletal muscle tissues of these
L-thyroxine–treated animals continue to exhibit markers of hypothyroidism (9), probably
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because of the inability of L-thyroxine monotherapy to restore tissue levels of T3 (8). This is
probably a direct consequence of lower serum T3 levels and the relatively high T4
concentration in these tissues, which inactivates the type 2 iodothyronine deiodinase (D2). In
the hypothalamus, loss of D2 is minimal in the presence of T4, which increases sensitivity to
T4 levels and explains TSH normalization, despite relatively lower levels of serum T3. Only
combination therapy with L-thyroxine plus L-triiodothyronine normalized all thyroid
hormone–dependent measures (9), including serum and tissue T3 levels (8). Whether tissuespecific markers of hypothyroidism are restored with L-thyroxine monotherapy in humans
remains to be determined, as does the ability of L-thyroxine plus L-triiodothyronine
combination therapy to normalize the serum T4:T3 ratio without adverse events. The
development of a novel drug delivery system for L-triiodothyronine would facilitate these
studies (5).
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In humans, a factor associated with response to combination therapy in a large clinical trial
is the Thr92Ala polymorphism in the type 2 deiodinase gene (DIO2), wherein the
subpopulation of patients with this genetic alteration had improved well-being and
preference for combination therapy (7). This has led investigators to consider whether this
polymorphism could confer a defect in the D2 pathway, but normal Thr92AlaD2 enzyme
kinetics have been demonstrated (73). Only recently has the Thr92AlaD2 protein been found
to have a longer half-life, ectopically localize in the Golgi apparatus, and significantly alter
the genetic fingerprint in cultured cells and in the temporal pole of the human brain without
evidence of reduced thyroid hormone signaling (74). The significance of these studies
transcends the thyroid field—this polymorphism has now been associated with a
constellation of diseases, including mental retardation, bipolar disorder, and low IQ (75). If
hypothyroid carriers of Thr92AlaD2 benefit from alternate therapeutic strategies in replicate
studies, then personalized medicine—based on genotype— may have a role.

Conclusions
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The development of TSH assays led to a dramatic reduction in thyroid hormone replacement
dosage and the ability to diagnose with certainty milder forms of hypothyroidism. Discovery
of peripheral T4-to-T3 conversion gave a physiologic means to justify L-thyroxine
monotherapy. In combination with the concerns over consistency and safety of natural
thyroid preparations, synthetic L-thyroxine was perceived as a more reliable therapy. These
findings laid the foundation for the clinical practice trend away from natural thyroid
preparations and toward L-thyroxine monotherapy at doses to normalize the serum TSH.
Later, a subpopulation of patients with residual symptoms of hypothyroidism was
recognized. It remains to be determined whether this is due to a trend of attributing
nonspecific symptoms to minimal thyroid dysfunction, relatively low serum T3 levels and/or
high T4:T3 ratio, or the role of Thr92AlaD2 polymorphism, and whether combination
therapy with L-thyroxine plus L-triiodothyronine will be beneficial.
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Appendix Table
Trends in the Treatment Recommendations for Hypothyroidism*

Author Manuscript

Year (Reference)

Agent Recommended

Adverse Effects and
Highlighted Notes

Suggested Daily Maintenance
Dose

1929(22)

“The treatment consists of
giving thyroid extract until the
symptoms and physical
findings disappear and the
basal
metabolic rate is normal.”

-

Start with 3 grains and then
increase to normalize BMR

1948(76)

Dried thyroid “is the simplest
and atthe same time the best
method of treatment” and “is
actually superior to pure
crystalline thyroxine because it
contains a hormone in a more
soluble and assimilable form.”

“Cardiac symptoms of
pain or palpitation are not
uncommon.”
“The isolation and
synthesis of thyroxine are
of vast importance
to physiology. They have
contributed nothing to
therapeutics.”

60–200 mg DT

Author Manuscript

“Curative treatment of
adult myxedema is as
perfect a form of
therapy as any known to
medicine.”
1955(33)

“Most of the patients are
maintained in good condition
with 1½ or
2 grains (U.S.P.) of desiccated
thyroid daily.”

Author Manuscript

“Pharmaceutical
companies have recently
made available
thyroxin and
triiodothyronine for oral
use instead of
desiccated thyroid.
Because the former two
are pure
crystalline compounds,
there probably is a more
reliable
dosage-response, but since
such precise dosage is not
necessary, nor easily
measured, and since pure
compounds are more
expensive, thyroidologists
have continued to use
desiccated thyroid in most
patients.”

1.5–2 grains DT

“Should the pure hormone
become much less
expensive, they probably
should be used instead of
desiccated thyroid.”
1958(77)

Available agents are DT, T4,
and T3; all “are most
satisfactory”

-

Ann Intern Med. Author manuscript; available in PMC 2016 August 11.

2–3 grains DT
200–500 mcg L-T4

McAninch and Bianco

Page 14

Author Manuscript

Year (Reference)

Agent Recommended

Adverse Effects and
Highlighted Notes

Suggested Daily Maintenance
Dose
70–105 mcg L-T3

Author Manuscript

1962(78)

No “standard of care”

-

90–240 mcg DT
140–400 mcg L-T4
50–150 mcg L-T3

1963(79)

“Desiccated thyroid or thyroid
extract is the most satisfactory
for
longterm treatment. It is
relatively cheap, easily
administered, welTabsorbed,
stable on storage for
considerable periods (up
to three months or more at
room temperature, dry), and
different batches are usually of
comparable potency.”

“There is a growing
tendency to use thyroxine
initially instead of thyroid
or to switch patients who
are not doing well on
thyroid
to thyroxine instead.”

130–260 mg (2–4 grains) DT
200–400 mcg L-T4
75–125 mcg L-T3

1968(27)

“Treatment is carried out with
one or two general types of
preparation, either synthetic
hormone or thyroprotein
derived
from animal thyroid glands.”

“Despite their theoretical
disadvantages and the
occasional
instances of
ineffectiveness or
excessive potency, the
preparations of natural
origin are generally
reliable agents that sustain
a normal metabolic state in
association with a
normal PBI.”

120–180 mgDT

Author Manuscript

“Levothyroxine is capable
of reversing all the known
abnormalities of the adult
hypothyroid state. This,
together with its uniform
potency, makes it an
entirely satisfactory
preparation.”
“Liothyronine should not
be used in the treatment of
hypothyroidism.”

Author Manuscript

“Recent studies indicate
that preparations of natural
origin vary
considerably in regard to
the proportion of total
organic
iodine present as T4 and
T3, as well as the ratio
between these
hormones themselves.
Consequently, variations
in biological
potency may occur among
different preparations or
different
batches of the same
preparation, despite their
conforming to
prescribed standards. It
would appear entirely
feasible at
present for standardization
ofthyroid extracts to be
based
upon their absolute content
of T4 and T3; trends in this
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Dose

direction are evident. If
this were done, the major
reason for
employing synthetic
hormone in preference to
material of
natural origin would no
longer exist.”
1971 (36)

“Desiccated thyroid remains
the preparation of choice in the
treatment of myxedema,
largely because it is the least
expensive.”

Author Manuscript

“The use of desiccated thyroid
or a T4-T3 mixture is probably
preferable” as combination
therapies restore both the
plasma
T3 and T4 to the normal range.
1974(59)

“There has been a distinct trend
away from the use of the
natural
preparations and towards the
newer synthetic preparations,
in
view of their uniform potency
and, as a result, their more
predictable effects…
levothyroxine is the agent of
choice.”

Animal product criticisms:
“iodothyronine content
varies among
species, season, location of
the animal, brand and
potency”;
iodothyronines “break
down within the tablets in
the presence
of moisture.”

90–180 mg DT
200–400 mcg L-T4
50–100 mcg L-T3

Regarding natural or
synthetic preparations
containing T3
“peaks make assessment
of the proper dosage
through
measurement of hormone
concentrations extremely
difficult
and, moreover, may have
adverse effects, especially
in the
older patient or in the
patient with cardiac
disease.

Dose to bring TSH into normal
range, as low as 200 mcg L-T4

Author Manuscript

“The recent demonstration
that most of the T3 in the
serum is
derived from the
metabolism of T4 and, as a
corollary, that
serum T3 concentrations
are nearly normal in
patients
receiving replacement
doses of T4 has to a large
extent
eliminated the rationale
both for the use of Liotrix
and for the
maintenance of elevated
serum T4 concentrations
when
levothyroxine is
employed.”

Author Manuscript

1978(63)

“The use of L-thyroxine
sodium by mouth is tending to
supersede desiccated thyroid,
liothyronine sodium (sodium
triiodo-L-thyronine), and
sodium thyroxinetriiodothyronine
mixtures.”

-

100–150 mcg L-T4

1979(52)

“There is now nearly universal
agreement that synthetic

-

Minimum dose to normalize TSH
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levothyroxine is the agent of
choice.”
1986(80)

“Most physicians… use
synthetic T4 in preference to
thyroid”

-

100–150 mcg L-T4
1–1.5 grains DT

1989(81)

“Levothyroxine is the drug of
choice”

-

100–200 mcg L-T4
90–180 mgDT

1996(40)

L-Thyroxine is “preferred due

“There are patients who
have taken DTE for many
decades and
are reluctant to consider a
change.”

100–200 mcg L-T4

Author Manuscript

to its long half-life, its ready
quantitation in the blood, ease
of absorption, and the
availability of multiple tablet
strengths”

“The difficulties that led to
the development of LT4 as
a
replacement preparation,
namely inconstant and
subpotent
desiccated thyroid tables,
have largely been obviated
by new
USP standards for
quantitation of T3 and T4
in DTE tabs.”

BMR = basal metabolic rate; DT = desiccated thyroid; DTE = desiccated thyroid extract; L-fT3 = L-triiodothyronine; L-fT4
or (LT4) = L-thyroxine; PBI = protein-bound iodine; T3 = triiodothyronine; T4 = thyroxine; TSH = thyroid-stimulating
hormone; USP (or U.S.P.) = United States Pharmacopeia.

*

Author Manuscript

In the years prior to the discovery of peripheral T4-to-T3 conversion, most groups recommended treatment with natural
thyroid preparations, such as desiccated thyroid, thyroid extract, or thyroglobulin, which contain both T4 and T3. However
with the discovery of T4-to-T3 conversion and the development of the radioimmunoassay for TSH in the early 1 970s, not
only was there a trend toward L-thyroxine monotherapy, but the recommended daily maintenance doses decreased
significantly. These trends led to the adoption of the contemporary standard of care: L-thyroxine monotherapy administered
at doses to maintain a normal serum TSH level.

Author Manuscript
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Figure. Events influencing the evolution of treatment trends in hypothyroidism

Initial strategies for thyroid hormone replacement included thyroid transplantation, but
efficacious pharmacologic strategies soon won favor. Natural thyroid preparations
containing T4 and T3, such as desiccated thyroid, thyroid extracts, or thyroglobulin, were the
initial pharmacologic agents. Synthetic agents were synthesized later. Early clinical trials
demonstrated the efficacy of synthetic and natural agents, but concerns arose regarding
consistency of natural thyroid preparations and adverse effects associated with T3-containing
preparations (natural or synthetic). With the demonstration of peripheral T4-to-T3 conversion
and the availability of the serum TSH radioimmunoassay in the early 1970s, there was a
major trend in prescribing preference toward L-thyroxine monotherapy. BMR = basal
metabolic rate; DT = desiccated thyroid; IV = intravenous; RIA = radioim-munoassay; T3 =
triiodothyronine; T4 = thyroxine; TG = thyroglobulin; TSH = thyroid-stimulating hormone.

Author Manuscript
Ann Intern Med. Author manuscript; available in PMC 2016 August 11.

