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Background: Levothyroxine (LT4) is one of the most commonly prescribed medications. Although considered
a life-long replacement therapy, LT4 therapy can be discontinued for some patients. This study aims at: (i)
reviewing the evidence on clinical outcomes of patients undergoing thyroid hormone replacement discontin-
uation, (ii) identifying the predictors of successful discontinuation, and (iii) systematically appraising frame-
works used for deprescribing thyroid hormone.
Methods: We searched multiple bibliographic databases, including Ovid MEDLINE(R) and Epub Ahead of
Print, In-Process & Other Non-Indexed Citations and Daily, Ovid Embase, Ovid Cochrane Central Register of
Controlled Trials, Ovid Cochrane Database of Systematic Reviews, and Scopus, from inception to February
2020 for studies in which thyroid hormone replacement was discontinued. Clinical outcomes assessed in-
cluded: proportion of patients that remained euthyroid or needed to restart thyroid hormone replacement after
discontinuation and frequency of clinical symptoms of hypothyroidism and adverse effects. We also eval-
uated predictors for discontinuation and deprescribing frameworks. Reviewers (F.J.K.T., N.B., N.M.S.O.,
S.M.) evaluated studies for inclusion, extracted data, and assessed methodological quality independently and
in duplicate.
Results: Seventeen observational studies at moderate to high risk of bias met inclusion criteria, including a
total of 1103 patients (86% women) with an age range of 2–81 years. Approximately a third of patients
undergoing thyroid hormone discontinuation remained euthyroid at follow-up (37.2%, 95% confidence in-
terval [CI 24.2–50.1%], I2 97.5%). Subgroup analysis showed that patients with a previous diagnosis of overt
hypothyroidism (OH) were less likely to remain euthyroid (11.8% [CI 0.4–23.2%], I2 90.3%) than patients
with a prior diagnosis of subclinical hypothyroidism (SCH) (35.6% [CI 8.2–62.9%], I2 94.0%). No study
followed a framework for systematically deprescribing LT4.
Conclusions: Low-quality evidence suggests that up to a third of patients remained euthyroid after thyroid
hormone discontinuation, with a higher proportion of patients with an initial diagnosis of SCH remaining
euthyroid than patients with an initial diagnosis of OH. A deprescribing framework focusing on adequate
selection of patients for deprescribing LT4 and a systematic process is warranted to guide clinicians in re-
evaluating the need for LT4 in their patients.
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Introduction

Thyroid hormone medications may be prepared syn-
thetically or be derived from animal sources and contain

thyroxine (T4), triiodothyronine (T3), or both. These medi-
cations are used to restore thyroid hormone levels in patients
with hypothyroidism (1). Levothyroxine (LT4), a synthetic
form of T4, is the second-most prescribed drug in the United
States. The global market for the treatment of thyroid disor-
ders, dominated by hypothyroidism, was valued at $2057
million in 2017, and it is estimated to reach $2771 million by
2025 at a compound annual growth rate of 3.8% from 2018 to
2025 (2,3). Although many factors likely play a role in the
extensive prescription of LT4, an increase in the treatment of
subclinical hypothyroidism (SCH) is a contributing factor (4).

SCH is a common biochemical diagnosis, which af-
fects *10% of adults (5) and is accompanied by either
nonspecific symptoms (2/3 of cases) or no symptoms at all
(5,6). Once thyroid hormone replacement is started, 9 out of
10 patients with SCH continue thyroid hormone therapy in-
definitely (7). Although the benefits of LT4 use for patients
with overt hypothyroidism (OH) are clear, no benefits have
been demonstrated with respect to quality of life or thyroid-
related symptoms for patients with SCH (7–11). Observa-
tional studies have shown an association of untreated SCH
with increased mortality (12,13), but randomized trials have
not found that LT4 therapy decreases the risk of death (9). In
addition to the treatment burden associated with thyroid
hormones use, *50% of patients older than 65 years who
take thyroid hormones develop iatrogenic hyperthyroidism,
increasing their risk for arrhythmias, angina pectoris, bone
loss, and fractures (14–16). After an extensive review of the
available evidence, a guideline panel recently concluded that
almost all adults with SCH do not benefit from thyroid hor-
mone treatment (17). Thus, many patients currently on LT4
may not experience any significant benefit, while being ex-
posed to its potential harms.

Deprescribing refers to the ‘‘thoughtful and systematic
process of identifying problematic medications and either
reducing the dose or stopping these medications in a manner
that is safe, effective, and helps patients maximize their
wellness and goals of care’’ (18). Deprescribing has been
shown to reduce potentially inappropriate or unnecessary
medications (19,20) and may be successful and effective in
selected classes of drugs (21). Deprescribing LT4 has the
potential to reduce medication burden and avoid LT4 adverse
effects. The goal of this study was to summarize the clinical
outcomes of patients for whom thyroid hormone replacement
was discontinued, identify the predictors of successful dis-
continuation, and evaluate the frameworks used to depre-
scribe thyroid hormone replacement.

Methods

We conducted a systematic review of academic databases
and meta-analysis of included studies. This review follows
the recommendations of the Preferred Reporting Items for
Systematic reviews and Meta-analysis (PRISMA) (22).

Eligibility criteria

We sought randomized controlled trials and observational
studies that included patients on thyroid hormone replace-

ment (regardless of the indication for therapy) who under-
went treatment discontinuation, with no restrictions in terms
of participants’ age or type of hormone replacement (LT4,
liothyronine, thyroid extracts, combination therapy). Studies
reporting on the following were included: (i) thyroid function
assessment after discontinuation of thyroid hormone re-
placement, (ii) predictors and procedures related to thyroid
hormone discontinuation, (iii) the frequency of symptoms or
adverse events as a result of thyroid hormone discontinua-
tion, and/or (iv) description of a framework for thyroid hor-
mone discontinuation. We excluded studies of patients
undergoing thyroid hormone withdrawal in preparation for
radioactive iodine treatment, patients whose indication for
therapy was central or congenital hypothyroidism, postpar-
tum thyroiditis, or thyroid cancer, and patients exposed to
recent interventions that could affect thyroid hormone re-
quirements (e.g., bariatric surgery). Finally, we excluded
studies with inadequate information to determine eligibility
and those for whom there was no response from the authors
seeking that information.

Data sources and search strategies

An experienced librarian (L.C.H.) designed and performed a
comprehensive search that ran from database inception through
February 27, 2020. Supplementary Appendix SA1 describes
the included databases, the search terms, and how they were
combined. The search excluded animal studies, had no lan-
guage limits, and used controlled vocabulary supplemented
with keywords. The reference list of the included studies was
reviewed to identify any additional relevant studies.

Study selection

The search results were uploaded into the systematic review
software DistillerSR (Evidence Partners, Ottawa, Canada).
Reviewers working independently and in duplicate reviewed
all abstracts and titles for inclusion. After abstract screening
and retrieval of potentially eligible studies, the full text pub-
lications were assessed for eligibility. Duplicate studies were
excluded. The kappa statistic for full text screening was 0.77.
Disagreements were resolved by consensus.

Data collection and management

Reviewers working independently and in duplicate by
using a standardized form collected the following from eli-
gible studies: (i) baseline clinical features: age, type of hy-
pothyroidism (etiology), degree of hypothyroidism/thyroid
status (euthyroid, subclinical, overt), type of hormone re-
placement, sex, thyroid hormone replacement dose at with-
drawal, treatment duration, goiter presence, family history of
thyroid disease, thyroid antibody positivity (thyroid peroxi-
dase and/or thyroglobulin antibody), thyroid gland hetero-
geneity on ultrasound, and body mass index; (ii) thyrotropin
(TSH) and free T4 levels at baseline and after withdrawal;
(iii) clinical outcomes and predictors (thyroid status after
withdrawal [e.g., euthyroid], thyroid hormone levels after
withdrawal, symptoms, and side effects during follow-up); and
(iv) features of deprescribing strategies. We extracted TSH
and/or free T4 levels cut-offs used to define euthyroidism,
SCH and OH, as well as definitions for goiter and thyroid gland
heterogeneity.
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Risk-of-bias assessment

Reviewers working independently and in duplicate used the
Newcastle-Ottawa risk-of-bias tool for observational studies to
evaluate the methodological quality of included studies (23).
This tool determines the comparability of cohorts, their rep-
resentativeness, and the ascertainment of exposure and out-
comes. Disagreements were resolved by consensus.

Author contact

To reduce reporting bias, we contacted the authors of
studies in which clarification or more information was needed
to determine eligibility or to complete analysis. Four of the
seven contacted authors replied (24–27).

Meta-analysis and subgroup analysis

A random-effects meta-analysis was conducted to evaluate
the percentage of patients who were euthyroid at follow-up

and those who needed to restart thyroid hormone replace-
ment after thyroid hormone discontinuation (OpenMeta
Analyst, Brown University Evidence-Based Practice Cen-
ter). We performed subgroup analyses according to the type
of hypothyroidism and age group. Similarly, we evaluated
the mean differences in TSH measurements before and after
thyroid hormone discontinuation. Inconsistency was as-
sessed by using I2 statistic, with values >75% indicative of
high inconsistency not due to chance (28).

Results

Study identification

We identified 2673 potentially eligible studies; 17 observa-
tional studies, including patients undergoing discontinuation of
thyroid hormone replacement therapy, were deemed eligible
(24–27,29–41). Figure 1 describes the study selection process.

FIG. 1. PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic reviews and Meta-analysis.
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Study characteristics

Table 1 summarizes the characteristics of the included
studies. Sixteen studies evaluated thyroid hormone status
categorically (e.g., proportion of euthyroid patients after
discontinuation), eight evaluated thyroid hormone status
numerically (e.g., TSH levels), and four evaluated clinical
symptoms. Four studies evaluated children and adolescents, 3
studies evaluated mixed populations (children, adolescents,
and adults), and 10 studies evaluated adults. The etiology and
degree of hypothyroidism was also variable, including au-
toimmune and idiopathic, and SCH and OH. In addition,
some studies included patients who were euthyroid at base-
line (time of initial diagnosis). Table 2 summarizes patient
characteristics.

In 14 studies, thyroid hormone replacement therapy con-
sisted of LT4. Ohsawa et al. studied an LT4 and a liothyr-
onine group; Krugman et al. studied patients on variable
regimens (LT4/liothyronine combination, LT4, and thyroid
extract); and in the study by Nikolai, the type of thyroid
hormone replacement was unspecified (29,30,34). Three
studies discontinued therapy following a tapering regimen.
Tapering regimens included: discontinuing therapy within
two weeks, first halving dose at week one, and discontinuing
the remaining dose at week two (26); halving LT4 dose
successively every four weeks until a dose £12.5 mcg/day
was reached and therapy was then discontinued (27); or either
halving dose and eliminating the remaining dose in two
months or by 25 mcg reductions until discontinuation (34).

No study formally used the term ‘‘deprescribing’’ when
referring to the process of discontinuing thyroid hormone
replacement therapy, and none described a systematic pro-
cess of deprescribing thyroid hormone in clinical practice.

Study quality

We judged the observational studies to be at moderate to
high risk of bias on the basis of representativeness of the
exposed cohort (most were a selected group of users), lack of
blinding, and lack of assessment of cofounders (Supple-
mentary Table S1).

Meta-analysis

Proportion of patients who remained euthyroid. Sixteen
studies evaluated the proportion of patients who remained
euthyroid after thyroid hormone discontinuation (Fig. 2).
A total of 1082 patients were included, and the time of out-
come assessment ranged from 10 days to a median follow-up
of five years. Most studies (n = 10) included adults only or
participants with no description of the degree of hypothy-
roidism and/or a mix of overt/subclinical/euthyroid patients
(n = 9). Table 3 describes the proportion of patients with
euthyroidism according to the indication for thyroid hormone
therapy. The definitions for euthyroidism for each study are
summarized in Supplementary Table S2.

When all studies were included, the pooled estimate for
euthyroidism at follow-up was 37.2% (95% confidence
interval [CI 24.2–50.1%], I2 97.5%). The pooled estimate
for euthyroidism was lower for those with OH, 11.8% ([CI
0.4–23.2%], I2 90.3%) and for adults it was 37.9% ([CI
20.4–55.3%], I2 98%). Figure 3 shows the results of this
meta-analysis.

Proportion of patients who reinitiated thyroid hormone
treatment. Nine studies (24,26,27,31,34,35,37,39,41) eval-
uated the percentage of patients in whom thyroid hormone
was restarted during follow-up. A total of 833 patients were
included, and the time of outcome assessment ranged from
three weeks to a median of five years. The criteria for re-
initiating thyroid hormone therapy varied across studies.
Most studies reinitiated treatment when laboratory evidence
of SCH was present, applying different TSH thresholds for
treatment between 4.5 and 10 mIU/L or above the reference
value.

When all studies were included, the pooled estimate for
restarting thyroid hormone during follow-up was 65.8% ([CI
48.7–83.0%], I2 97.5%). The pooled estimate for patients
with OH was higher, 87.2% ([CI 76.0–98.4%], I2 86.3%).
Figure 4 shows the results of this meta-analysis.

TSH changes at follow-up. In four studies (27,31,36,40),
the mean TSH values before and after LT4 withdrawal were
available. Three of the studies included adults. Two studies
included patients with SCH and two with OH. Time of out-
come assessment ranged from one week to five years of
median follow-up. The mean TSH difference (increase) was
9.4 mIU/L ([CI 5.0–12.8], I2 97.4%).

Predictors for developing hypothyroidism after
LT4 withdrawal

Data regarding predictors for the development of hypo-
thyroidism after LT4 withdrawal were insufficient for meta-
analysis; however, statistically significant predictors are
summarized in Table 4.

Symptoms and adverse events after LT4 withdrawal

Four studies evaluated the development of symptoms
after LT4 withdrawal. In two studies, no patients developed
symptoms; Livadas et al. reported no changes in quality of
life after LT4 discontinuation (24); and Wasniewska et al.
found no clinical signs or symptoms of hypothyroidism
(36). Two studies reported development of symptoms after
LT4 withdrawal; Comtois et al. reported fatigue in 15.2%
of patients, however whether these patients became hypo-
thyroid was not reported (32). Takasu et al. reported
‘‘symptoms of hypothyroidism’’ in 71.4% of patients, all of
whom were biochemically hypothyroid (35). These four
studies relied on self-reporting, and none included a sys-
tematic assessment of symptoms. Rizzolo et al. assessed
eight hypothyroidism-related symptoms at baseline and 21
days after thyroid hormone discontinuation; however, they
included patient populations not meeting our inclusion
criteria (e.g., subtotal thyroidectomy), and thus they are not
reported here (41). Reporting on the development of
symptoms after abrupt versus tapered LT4 discontinuation
was unavailable.

Three studies evaluated adverse events after LT4 with-
drawal. Livadas et al. reported no ‘‘adverse events’’(24) and
Radetti et al. found no adverse effects on growth, lipid pro-
file, glucose homeostasis, and the development or worsening
of goiter (26). Carlwe et al. reported intolerable fatigue in one
participant (7.7%) who dropped out with unknown thyroid
function status (40).

DISCONTINUATION OF THYROID HORMONE REPLACEMENT 743



T
a

b
l
e

1
.

C
h

a
r
a

c
t
e
r
i
s
t
i
c
s

o
f

S
t
u

d
i
e
s

I
n

c
l
u

d
e
d

i
n

t
h

e
S

y
s
t
e
m

a
t
i
c

R
e
v

i
e
w

A
u
th

o
r

(r
ef

er
en

ce
)

Y
ea

r
C

o
u
n
tr

y
A

g
e

g
ro

u
p

E
ti

o
lo

g
y

o
f

h
yp

o
th

yr
o
id

is
m

D
eg

re
e

o
f

h
yp

o
th

yr
o
id

is
m

O
u
tc

o
m

es
F

o
ll

o
w

-u
p

ti
m

e
(m

o
n
th

s)

W
as

n
ie

w
sk

a
et

a
l.

(3
6
)

2
0
1
2

It
al

y
C

h
il

d
re

n
A

d
o
le

sc
en

ts
Id

io
p
at

h
ic

S
u
b
cl

in
ic

al
C

li
n
ic

al
sy

m
p
to

m
s

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

n
u
m

er
ic

al

3

B
at

te
li

n
o

et
a
l.

(2
5
)

1
9
9
4

S
lo

v
en

ia
C

h
il

d
re

n
A

d
o
le

sc
en

ts
A

u
to

im
m

u
n
e

M
ix

ed
T

h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

0
.3

3

R
ad

et
ti

et
a
l.

(2
6
)

2
0
1
7

It
al

y
C

h
il

d
re

n
A

d
o
le

sc
en

ts
A

u
to

im
m

u
n
e

M
ix

ed
T

h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

n
u
m

er
ic

al
1
2

2
,

6
,

1
2
,

2
4

S
k
la

r
(3

7
)

1
9
8
6

U
n
it

ed
S

ta
te

s
C

h
il

d
re

n
A

d
o
le

sc
en

ts
A

u
to

im
m

u
n
e

E
u
th

y
ro

id
S

u
b
cl

in
ic

al
O

v
er

t

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

V
ar

ia
b
le

(2
8
–
3
6
)

F
av

a
et

a
l.

(3
8
)

2
0
0
9

It
al

y
C

h
il

d
re

n
A

d
o
le

sc
en

ts
A

d
u
lt

s

A
u
to

im
m

u
n
e

S
u
b
cl

in
ic

al
T

h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

1
.3

T
ak

as
u

et
a
l.

(3
5
)

1
9
9
2

Ja
p
an

C
h
il

d
re

n
A

d
o
le

sc
en

ts
A

d
u
lt

s

A
u
to

im
m

u
n
e

O
v
er

t
C

li
n
ic

al
sy

m
p
to

m
s

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

1
2

T
ak

as
u

et
a
l.

(3
9
)

1
9
9
0

Ja
p
an

A
d
o
le

sc
en

ts
A

d
u
lt

s
A

u
to

im
m

u
n
e

O
v
er

t
T

h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

3

C
ar

lw
e

et
a
l.

(4
0
)

2
0
1
3

S
w

ed
en

A
d
u
lt

s
N

o
d
es

cr
ip

ti
o
n

O
v
er

t
T

h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

n
u
m

er
ic

al
0
.2

5
R

iz
zo

lo
et

a
l.

(4
1
)

1
9
8
6

U
n
it

ed
S

ta
te

s
A

d
u
lt

s
N

o
d
es

cr
ip

ti
o
n

N
o

d
es

cr
ip

ti
o
n

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

0
.7

5

K
ru

g
m

an
et

a
l.

(2
9
)

1
9
7
5

U
n
it

ed
S

ta
te

s
A

d
u
lt

s
M

ix
ed

N
o

d
es

cr
ip

ti
o
n

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

2
R

o
sa

ri
o

an
d

C
al

so
la

ri
(2

7
)

2
0
1
6

B
ra

zi
l

A
d
u
lt

s
M

ix
ed

S
u
b
cl

in
ic

al
T

h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

n
u
m

er
ic

al
2
4
–
1
2
0

M
ed

ia
n
:

6
0

O
h
sa

w
a

et
a
l.

(3
0
)

1
9
8
1

Ja
p
an

A
d
u
lt

s
A

u
to

im
m

u
n
e

N
o

d
es

cr
ip

ti
o
n

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

n
u
m

er
ic

al
2

C
o
m

to
is

et
a
l.

(3
2
)

1
9
9
5

C
an

ad
a

A
d
u
lt

s
A

u
to

im
m

u
n
e

M
ix

ed
C

li
n
ic

al
sy

m
p
to

m
s

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

ca
te

g
o
ri

ca
l

T
h
y
ro

id
h
o
rm

o
n
e

st
at

u
s

n
u
m

er
ic

al

0
.7

5

H
ö
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Discussion

We performed a systematic review and meta-analysis to
summarize the available evidence on clinical outcomes after
thyroid hormone discontinuation that could guide LT4 de-
prescription in clinical practice. We found that 37% of pa-
tients remained euthyroid at follow-up when including all
studies; with a lower proportion (12%) for patients initially
diagnosed with OH. Similarly, most patients (66%) were
restarted on thyroid hormone replacement, although different
criteria, including the development of SCH, were used to
restart therapy. Moreover, heterogenous echogenicity on
thyroid ultrasound, elevated TSH ‡8–9 mIU/L, and presence
of thyroid antibodies were negatively associated with the rate
of euthyroidism after thyroid hormone discontinuation in
individual studies. Data pertinent to patient-centered out-
comes (adverse effects, development of symptoms) were
scarce. No study reported a systematic process/framework for
deprescribing LT4. These findings suggest that deprescribing
LT4 could be successful for carefully selected patients and
highlight the need for studies at low risk of bias that include
evaluation of patient-important outcomes.

Despite decades-old controversies related to treatment
thresholds for SCH, current guidelines (1,17,42) do not rec-
ommend the continuous evaluation of the need for thyroid
hormone replacement therapy. However, in clinical practice,
patients may be overtreated with LT4 if therapy is initiated
without a well-documented hypothyroidism diagnosis, if
clinicians start therapy based solely on the nonspecific
symptoms of hypothyroidism, and depending on thresholds
used to start treatment for SCH (7,24,43).

The term ‘‘deprescribing’’ usually refers to the process of
withdrawal of an inappropriate medication, supervised by a
health care professional with the goal of managing poly-
pharmacy and improving outcomes. Therefore, deprescribing

is a more complex process than just stopping a medication
(44–46). This systematic process, starts with an accurate
evaluation of the medication list, followed by identification
of potentially inappropriate medications, collaboration be-
tween patients and clinicians to decide whether deprescribing
would be appropriate, and establishing a supportive plan to
safely deprescribe the medication (44,45). Shared decision
making is fundamental for a successful deprescribing inter-
vention, as patients are more likely to consider deprescription
if they: (i) understand why the medication is inappropriate,
(ii) have their concerns related to stopping the medication
addressed, and (iii) understand the deprescribing plan and
feel supported by the clinical team. Deprescribing conver-
sations should focus on raising awareness about alternatives,
discussing the risks and benefits of deprescribing, and un-
derstanding the patient’s preferences (44,47).

The rationale, indications, and a proposed process for de-
prescribing LT4 are summarized in Figure 5. Briefly, LT4
deprescribing is reasonable in patients for whom the benefits
of treatment do not outweigh the risks. This could be the case
for patients diagnosed with SCH based on a single TSH
measurement or for whom LT4 was started as part of a
therapeutic trial and was never discontinued despite the lack
of clinical improvement (4,48). As summarized in Figure 5,
there is a strong rationale to consider LT4 discontinuation
and preliminary clinical evidence guiding patient selection
and process to deprescribe LT4.

After patients and physicians decide to deprescribe LT4, a
plan for discontinuation and follow-up should be made. The
likelihood of developing symptoms while using an abrupt
versus tapering discontinuation regimen has yet to be eluci-
dated. Once LT4 has been discontinued, it might be reason-
able to follow up a patient’s symptoms and thyroid function
tests every four to six weeks (49) and less frequently after six
months of follow-up if the patient remains clinically and

FIG. 2. (A) Percentage of euthyroid adult patients by type of hypothyroidism and follow-up time. 1: Rizzolo et al. (41); 2:
Krugman et al. (29); 3: Ohsawa et al.–LT4 arm (30); 4: Ohsawa et al.–LT3 arm (30); 5: Comtois et al. (32); 6: Rieu et al.
(33); 7: Livadas et al. (24); 8: Höfling et al. (31); 9: Nikolai (34); 10: Rosario and Calsolari (27). (B) Percentage of
euthyroid patients by type of hypothyroidism and follow-up time in studies with mixed patient age groups (children,
adolescents, and adults). 1: Battelino (25); 2: Radetti et al. (26); 3: Sklar (37); 4: Wasniewska et al. (36); 5: Fava et al. (38); 6:
Takasu et al. (35); 7: Takasu et al. (39). SCH, subclinical hypothyroidism; Overt, overt hypothyroidism.
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Table 3. Percent of Euthyroid Patients After Thyroid Hormone Discontinuation

by Prior Indication for Therapy

Population Study Indication for treatment n % Euthyroid

Children and
adolescents

Battelino et al. (25) Autoimmune hypothyroidism (overt or subclinical) 29 3.5
Wasniewska et al. (36) Idiopathic SCH 69 60.9
Radetti et al. (26) Autoimmune hypothyroidism (overt or subclinical) 140 55.7
Sklar (37) Autoimmune euthyroid 7 86

Autoimmune SCH 4 65
Autoimmune OH 5 20

Children,
adolescents,
and adults

Fava et al. (38) Autoimmune hypothyroidism (overt or subclinical) 14 21.4
Takasu et al. (39) Autoimmune OH 92 23.9
Takasu et al. (35) Autoimmune OH 21 28.6

Adults Rizzolo et al. (41) Hypothyroidism: clinical diagnosis without adequate
laboratory confirmation

7 86

Hypothyroidism: diagnosis based on laboratory tests 7 14
Hypothyroidism: diagnosis based on symptoms and

the presence of goiter
8 50

Comtois et al. (32) Autoimmune hypothyroidism (overt or subclinical) 79 11
Krugman et al. (29) OH 10 70

Goiter 1 100
Hashimoto’s thyroiditis 2 100
Nontoxic nodular goiter 1 100

Rieu et al. (33) Euthyroid Goitrous Hashimoto’s disease 9 100
Autoimmune OH 11 0

Ohsawa et al. (30) Euthyroid Hashimoto’s thyroiditis 13
11

69
55a

Livadas et al. (24) Presence of thyroid nodules but not on suppression
therapy

96 63.5b

Unknown reason for LT4 supplementation or no
evidence of past thyroid dysfunction provided

78 46.2b

Therapy initiated postpregnancy without reassessment 15 73.3b

Hashimoto’s thyroiditis or hypothyroidism-like or
related symptoms

102 67.6b

Nikolai (34) OH 49 0
Höfling et al. (31) Autoimmune OH 20 0
Rosario and Calsolari (27) SCH with presence of TPO Ab with or without goiter,

symptoms of hypothyroidism, dyslipidemia,
depression, infertility, or unknown reasons

182 23

a% euthyroid after liothyronine discontinuation.
b% hypothyroid (overt/subclinical) was reported for subgroups, and % euthyroid was derived from this report.
OH, overt hypothyroidism; SCH, subclinical hypothyroidism.

FIG. 3. Meta-analysis of euthyroidism (%) after thyroid hormone discontinuation, including all studies and subgroup
analysis by degree of hypothyroidism and age of participants. CI, 95% confidence interval.
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biochemically euthyroid. The patient–physician discus-
sion should also delineate what criteria would merit LT4
re-initiation.

Though research on deprescribing is increasing, data on de-
prescribing thyroid hormone are scarce (50). Available studies
have evaluated changes in thyroid function status or the need to
re-prescribe thyroid hormone replacement; however, long-term
effects and patient-centered outcomes are yet to be determined.
Future studies should consider measuring quality of life, ad-
verse drug withdrawal events, and reduction in cardiovascular

or bone health events (50,51). Noninferiority study designs may
be helpful to evaluate deprescribing interventions (50,52). This
design was developed from the need to evaluate similar effi-
cacy as compared with the established treatment while offer-
ing greater safety, convenience, or lower cost. Although these
trial designs may be more complex than those used to establish
superiority, they can help determine that an intervention is not
worse than the control treatment (53). Therefore, the use of
noninferiority study designs evaluating the absence of change in
clinical status after medication withdrawal has been proposed in
the development of deprescribing trials (50). Studies focusing
on the process of deprescribing (e.g., selection of patients,
conversation about deprescribing and deprescribing plan) are
needed to support safe and likely beneficial deprescribing of
LT4 in practice. Further, the field will need to develop and test
multi-level strategies for deprescribing that are context specific
but feasible, cost-effective, adaptable, and generalizable across
settings. Such strategies will need to specifically target the un-
ique barriers to the deprescribing of thyroid hormone therapy.
Future research should investigate potential unintended nega-
tive consequences of deprescribing for patients, clinicians, and
health care systems.

Incomplete searching and arbitrary study selection repre-
sent potential limitations of systematic reviews. However, the
rigorous and comprehensive nature of our overlapping search
strategies with a medical librarian’s input minimize the
possibility that we missed studies that could have substan-
tially changed the inferences drawn from this study (54). The
risk of reporting bias is high, particularly when the body of
evidence is based on small observational studies. We at-
tempted to decrease the chances of reporting bias by con-
tacting authors (55). Although it would have been clinically
meaningful to evaluate the effects of important patient
characteristics on thyroid function after LT4 withdrawal
(e.g., thyroid autoimmunity status) or perform subgroup
analysis according to time of follow-up, this was not possible

FIG. 4. Meta-analysis of re-initiation of thyroid hormone (% X axis), including all studies and subgroup analysis
according to degree of hypothyroidism and age of participants.

Table 4. Predictors for Development

of Euthyroidism and Hypothyroidism

After Thyroid Hormone Discontinuation

Population Predictors for euthyroidism

Adults Positive family history of thyroid
disease (32)

Children and
adolescents

TSH at diagnosis <10 mIU/L (26)

Population Predictors for hypothyroidism

Adults Heterogeneous thyroid on ultrasound
(24)

TPO Ab and ultrasound with diffuse
hypoechogenicity (27)

TSH ‡8 mIU/L at diagnosis (27)
Children and

adolescents
Baseline TSH >9 mIU/L (36)
Age at diagnosis (younger) (26)
Anti-TG Ab at diagnosis (26)
Age at withdrawal (younger) (26)
TPO Ab level at withdrawal (26)
Goiter at thyroid hormone

withdrawal (26)

TSH, thyrotropin.
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due to insufficient data. Due to their uncontrolled and ob-
servational nature, and the lack of adjustment for con-
founders, the included studies were at moderate- to high
risk of bias. In addition, the meta-analysis results showed
high heterogeneity and imprecision. Studies included
patients with variable characteristics, limiting the direct
application of the results to specific patients. In all, low-
quality evidence suggests that deprescribing LT4 could be
successful, but patient selection is important. Although
these limitations could not be overcome methodologically,
our review exhibited important strengths, including syn-
thesis of the totality of the available evidence following a
predetermined protocol, with reproducible judgments
about study selection and quality and focused analyses
assessing the effects of LT4 discontinuation, which has not
been previously performed (56).

In summary, low-quality evidence suggests that up to a
third of patients remained euthyroid after thyroid hormone
discontinuation, with a higher proportion of patients with an
initial diagnosis of SCH remaining euthyroid than patients
with an initial diagnosis of OH. Data regarding patient-
centered outcomes remain sparse. Nonetheless, for some
patients, deprescribing LT4 is likely reasonable. Patients and
physicians can use this information when discussing whether
discontinuation of LT4 is a reasonable consideration.
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Hegedüs L 2020 Use of thyroid hormones in hypothyroid
and euthyroid patients; the 2019 Italian survey. Eur Thyroid
J 9:25–31.

44. Reeve E, To J, Hendrix I, Shakib S, Roberts MS, Wiese
MD 2013 Patient barriers to and enablers of deprescribing:
a systematic review. Drugs Aging 30:793–807.

45. Machado-Alba JE, Gaviria-Mendoza A, Machado-Duque
ME, Chica L 2017 Deprescribing: a new goal focused on
the patient. Expert Opin Drug Saf 16:111–112.

46. Reeve E, Gnjidic D, Long J, Hilmer S 2015 A systematic
review of the emerging definition of ‘‘deprescribing’’ with
network analysis: implications for future research and
clinical practice. Br J Clin Pharmacol 80:1254–1268.

47. Jansen J, Naganathan V, Carter SM, McLachlan AJ, Nickel B,
Irwig L, et al. 2016 Too much medicine in older people?
Deprescribing through shared decision making. BMJ 353:1–6.

48. Nixon M, Westendorp RGJ 2017 When subclinical hypo-
thyroidism becomes clinically diagnosed. Eur J Intern Med
46:34–35.

49. Jonklaas J, Bianco AC, Bauer AJ, Burman KD, Cappola
AR, Celi FS, et al. 2014 Guidelines for the treatment of
hypothyroidism: prepared by the American thyroid as-
sociation task force on thyroid hormone replacement.
Thyroid 24:1670–1751.

50. Thompson W, Reeve E, Moriarty F, Maclure M, Turner J,
Steinman MA, et al. 2019 Deprescribing: future directions
for research. Res Soc Adm Pharm 15:801–805.

51. Reeve E, Thompson W, Farrell B 2017 Deprescribing: a
narrative review of the evidence and practical recommen-
dations for recognizing opportunities and taking action. Eur
J Intern Med 38:3–11.

52. Anderson K, Stowasser D, Freeman C, Scott I 2014 Pre-
scriber barriers and enablers to minimising potentially in-
appropriate medications in adults: a systematic review and
thematic synthesis. BMJ Open 4:e006544.

53. Mauri L, D’Agostino RB 2017 Challenges in the design
and interpretation of noninferiority trials. N Engl J Med
377:1357–1367.

54. Rethlefsen ML, Farrell AM, Osterhaus Trzasko LC, Brig-
ham TJ 2015 Librarian co-authors correlated with higher
quality reported search strategies in general internal med-
icine systematic reviews. J Clin Epidemiol 68:617–626.

55. Meursinge Reynders R, Ladu L, Di Girolamo N 2017
Contacting of authors by systematic reviewers: protocol for
a cross-sectional study and a survey. Syst Rev 6:249.

56. Siddaway AP, Wood AM, Hedges LV 2018 How to do a
systematic review: a best practice guide for conducting and
reporting narrative reviews, meta-analyses, and meta-
syntheses. Annu Rev Psychol 70:747–770.

Address correspondence to:
Spyridoula Maraka, MD, MS

Division of Endocrinology and Metabolism
Department of Medicine

University of Arkansas for Medical Sciences
4301 W. Markham Street, #587

Little Rock, AR 72205
USA

E-mail: smaraka@uams.edu

DISCONTINUATION OF THYROID HORMONE REPLACEMENT 751


