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Abstract

Sections

The factorsinfluencing the control of body weight are numerous

and include many hormones. Even though levels of thyroid hormone
might not always be the major factor affecting weight, in the sense that
large changes in weight can occur despite a euthyroid state, there are
notable changes in weight, appetite and body composition associated
with excesses and deficiencies of thyroid hormone. Exploring the effect
of thyroid hormone on weight s facilitated by studying the disease
states of hypothyroidism and hyperthyroidism, the development and
treatment of which can be associated with substantial changes in body
weight. Asisillustrated in the ensuing discussion, hypothyroidismis
associated with modest increases in body weight and accompanying
changesinbody composition, with reversal of these alterations with
its treatment. By contrast, hyperthyroidism can be accompanied by
profound weight loss with reversal of the weight loss with restoration
of euthyroidism. Usingiatrogenic hyperthyroidism, whether during
treatment for hypothyroidism or during off-label use in euthyroid
individuals, has not proven to be an effective weight loss strategy.
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Key points

e There is a complex relationship between levels of thyroid hormone
and body weight and body composition.

e Development of hypothyroidism is generally accompanied by a mild
to modest weight gain.

o Reversal of hypothyroidism is not always associated with a reduction
in weight.

o Hyperthyroidism is associated with weight loss with decreases in
adipose tissue mass, muscle mass and bone mass.

e The change to euthyroidism with treatment of hyperthyroidism is
accompanied by increases in adipose tissue mass, muscle mass and
bone mass.

o Resolution of hyperthyroidism is typically associated with a net
increase in body weight over time, to a weight substantially above the
pretreatment baseline.

Introduction

The goal of this Review is to summarize the relationship between
thyroid dysfunction and weight changes, while acknowledging that
reversal of thyroid dysfunction is not universally associated with a
return to baseline weight, but is, in fact, more commonly associated
with gradual weight gain. Questions to be considered include whether
this weight gainis due to the many other hormonal and non-hormonal
factors that affect body weight and interact with thyroid status, or
whetheritcould belinked to suboptimal treatment of thyroid disorders,
suchas not using liothyronine therapy. Given the prevalence of thyroid
disorders, this trend towards weight gain has notable consequences
for overall population health. Based on the positive effect of weight
lossinreducing cardiometabolicrisk factorsand the negative effect of
weightgain, weight changes of <5% could be considered mild, whereas
changes of 5-10% could be considered modest, and weight changes of
>10% are probably clinically significant’.

Thyroid hormone is one of the important hormones involved
in weight regulation®. However, large changes in weight can occur in
individuals who exhibit aeuthyroid state, defined asoneinwhichserum
levels of thyroid-stimulating hormone (TSH) and thyroid hormone
levels fall within the normal reference interval. This observationillus-
trates that there are many factors, other than thyroid status, that can
cause body weight alterations’. Moreover, there is redundancy in the
hormonal systems that control body weight, as illustrated by the fact
that manipulation of a single hormonal system with drug therapy might
have only arelatively modest effect on body weight*. Anexampleis the
gut-derived peptides, which, although they have animportantrolein
appetite control, appear to be a system in which there is a high level
of redundancy with no one particular gut-derived peptide having a
controlling role in appetite regulation®.

As is the focus of this Review of the literature (Box 1), there are
substantial changes in weight, appetite, energy expenditure and body
compositionassociated with the development of thyroid disorders. Thy-
roid disorders are alsorelated inacomplex manner to the development
of metabolic syndrome®™®, The profound effect that levels of thyroid

hormone canhave onbody weight regulationisillustrated by the disease
states of hypothyroidismand hyperthyroidism, conditionsinwhich TSH
levels are above and below the reference interval, respectively. Both
the development of these disorders and their treatment can beaccom-
panied by clinically significant changes in body weight. For example,
hypothyroidismis associated with modestincreasesinbody weight and
alterations in body composition, such as increased BMI and waist cir-
cumference. These changes are reversed by treatment of hypothyroid-
ism. Hyperthyroidism can have an even greater effect on body weight
and composition, and be accompanied by profound weight loss, which
isreversed by treatment that restores a euthyroid state. However, inten-
tionaliatrogenic thyrotoxicosis, in which exogenous thyroid hormone
is provided in a dose that suppresses TSH, has not proven to be effec-
tive as a weight loss approach. This fact is true regardless of whether
thyroid hormone is being utilized for treatment of hypothyroidism or
being used in individuals without a diagnosis of hypothyroidism, who
arestriving for weight loss or body composition changes that mightbe
potentially beneficial for body image or in certain sports.

Alterations in thyroid function associated with
alterations in weight
Epidemiological studies suggest that different weights or BMIs within
aeuthyroid population can be associated with differences in thyroid
function tests. Perhaps the most pronounced among these findings
are trends for increases in serum levels of TSH with increasing BMI.
A 2025 meta-analysis identified 21 studies for quantitative analysis
of the association between concentrations of TSH, concentrations
of free tetraiodothyronine (T,) and BMI°. Most of these studies were
cross-sectional with fewer longitudinal studies, and most were con-
ductedinEurope, with fewer studies from Asiaand Oceania. The cross-
sectional studies showed an estimate of 0.21 kg/m? increase in BMI
(95% C10.09-0.32 kg/m?) per 1 mlU/l increase in concentrations of
TSH’. There was a 0.14 kg/m? (95% CI-0.23 to —0.05 kg/m?) decrease
in BMI for each picomole per litre increase in free T, concentration.
Individual cross-sectional studies, such as one in the USA examin-
ing National Health and Nutrition Examination Survey (NHANES) data,
have shownanincreasein TSH values for every quartile increase in BMI
in euthyroid men and women™. Similarly, a Danish database showed a
positive association between BMland TSH category (TSH values divided
into five different concentration-based groups), such that, in euthyroid
individuals, the lowest versus highest TSH values were associated witha
BMldifference of 1.9 kg/m? (ref. 11). Inaddition, TSH values at the higher
end of the normal range appear to be associated with adverse health
outcomes, such as high blood pressure, elevated levels of cholesterol
and metabolic syndrome™. It is possible that the effect of weight on
TSH levels could be mediated via leptin through the effects of leptin
inregulating the hypothalamic-pituitary-thyroid axis and the release
of TSH™. The dataregarding thyroid hormone levels are more variable
across the different studies, as opposed to the consistency of the TSH
findings. Withrespect to longitudinal studies, increasing TSH concen-
trations were associated with weight gain, whereas increasing free T,
concentrations were associated with weight loss’. However, not all
studies are consistent. For example, in a population of 784 individuals
inSpain studied at baseline and 6 years later, higher free T, and higher
free triiodothyronine (T,) values were associated with greater weight
gain at follow-up. The authors hypothesized that the changesinthyroid
hormone were a consequence rather than a cause of the weight gain™.
However, in a different prospective study, lower levels of free T, but
not lower levels of free T, were associated with greater weight gain®.
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Inkeeping with the previously mentioned studies, in which weight
increases were accompanied by increases in levels of TSH, weight loss
is associated with decreases in serum concentrations of TSH. One
example is a study in 256 patients who achieved a weight loss of 28%
from baseline 1 year after bariatric surgery, who had an accompany-
ing decline in concentrations of TSH from a median of 2.33 mIU/I to
amedian of 1.82 mIU/I*°. In another study, weight loss was associated
with a statistically significant decrease in the mean 24-h serum concen-
tration of TSH”. Another example of the interaction between thyroid
hormones and weight changes is the finding that, in a trial evaluating
weightloss ineuthyroid individuals, higher levels of free T, and free T,
at baseline were associated with greater weight loss over 6 months'®.
In another trial evaluating weight loss in individuals with overweight
or obesity, levels of TSH and total T; at baseline were positively cor-
related with fat mass. A mean weight loss of 6.5% was achieved in the
47 individuals being studied, and was associated with a statistically
significant decreaseinlevels of total T,, perhaps suggesting a decrease
in peripheral conversion from T, to T, (ref. 19).

Based on these studies, itis clear that there is acomplex relation-
ship between thyroid hormones and weight that, in euthyroid indi-
viduals, appears more likely to be due to changes in weight affecting
concentrations of thyroid hormones, rather than the changes in thyroid
hormones actually causing the weight changes.

Weight changes despite a euthyroid state

In addition to the many hormonal control mechanisms that influ-
ence body weight, multiple non-hormonal factors are alsoimportant
regulators of body weight, including calorie intake, food marketing,
exercise frequency and intensity, stress, genetic factors, epigenetics,
gut microbiome, sleep dysregulation, medications, gastrointestinal
disorders, psychiatric disorders and age, to mention but a few*?*
(Fig. 1). Individuals can undergo substantial changes in weight while
maintaining a euthyroid state. This finding illustrates the complexity
of the mechanisms that govern body weight regulation. It is also a dif-
ficult concepttoincorporateinto understanding of the well-established
relationship between thyroid status and weight changes. Patients with
weight derangements being treated for thyroid disorders and their
clinicians, understandably, suspect out of range thyroid function as the
most probable explanation for the weight change. Moreover, despite
demonstration of euthyroidism, arole for thyroid disordersin weight
changesisstill ofteninvoked and sought for by patients and physicians,
even afterbeingruled out. Threeillustrations of some of the situations
in which weight changes occur while euthyroidism is maintained are
discussed below.

Weight changes with age

An important trend seen with normal ageing is weight changes that
occur despite the absence of a thyroid disorder. Weight gain with age
canbe more pronounced inwomen thanin men*>>, Ingeneral, thereis
anincreaseinweight asanindividual ages, and this weight gainin later
lifeis associated with anincreased risk of chronic diseases**. However,
this trend for weight gain can be modified by other factors such as gen-
eral health, mobility and comorbidities, such that there caninstead be a
declinein weight associated with sarcopenia, particularly at older ages.

Weight changes with menopause

Amajor contribution to weight changesin womeninvolves theincrease
in weight and change in body composition that can accompany
menopause”’, despite maintenance of a euthyroid state. Typically the

Box 1| Description of literature search

References for this article were identified through searches of
PubMed for articles published in English from 1 January 1985 to
30 January 2025.

e The Medical Subject Headings (MeSH) terms ‘hypothyroidism’,
‘hyperthyroidism’, ‘subclinical hypothyroidism’, ‘subclinical
hyperthyroidism’, ‘thyroid disease’, ‘thyroid stimulating
hormone’, ‘thyroid hormone’, ‘thyroxine’, ‘free thyroxine’, and
‘triiodothyronine’ in combination with the terms ‘weight loss
and weight gain’ were used.

Relevant articles were also identified through searches in the
author’s personal files.

Articles resulting from these searches and relevant references
cited in those articles were reviewed.

It is important to note that although meta-analyses were

cited where available, many of the identified articles were
small, retrospective studies or case series, leading primarily

to hypothesis-generation, and limiting the ability to draw
conclusions and attribute causation.

transition into menopause is associated with increased weight and
increased adiposity, compared with the premenopausal period>*.
Itisinterestinginthis regard that ovariectomyin mice leads to weight
gain, perhaps viaaneffect of oestrogen on the ventromedial nucleus of
the hypothalamus (VMH)?, possibly implying that menopause-related
weight gain could be at least partially associated with oestrogen defi-
ciency. In support of this association with oestrogen, premenopausal
women undergoing hysterectomy experience more weight gain than
controlwomenwith anintact uterus and ovaries, with a weight gain of
greater than 4.5 kg occurringin 23% of the oestrogen-deficient women
who had undergone hysterectomy”®. Despite these findings, hormone
replacement therapy has not been established as an effective means
of remediating menopause-associated weight gain®.

Weight changes in native versus

levothyroxine-treated euthyroidism

There are some data that suggest that patients who have undergone
thyroidectomy can subsequently gain more weight than age-matched
and sex-matched euthyroid control individuals without thyroid
disease, despite the patients being maintained in a euthyroid state
withlevothyroxine®®. The weight gain over 1yearin one study was 3.1 kg
in euthyroid patients who had undergone thyroidectomy, compared
with 1.3 kg in euthyroid patients without thyroid disease®. A study in
patients who had undergone thyroidectomy for thyroid cancer showed
that weight gain following surgery occurs despite TSH suppression
therapy. Female thyroid cancer survivors had aweight gain of 0.46 kg
per year after thyroidectomy, whereas their male counterparts gained
0.94 kg per year. This weight gain was greater than in an age-matched
general population from the National Health Examination Follow-up
Study (NHEFS), in which both men and women gained on average
0.23 kg per year®. If confirmed, such findings have the practical impli-
cation that patients should be advised of these data prior to surgery
and attempts should be made to mitigate subsequent weight gain.
However, ameta-analysis of 11 studies in patients undergoing thyroid-
ectomy and receiving levothyroxine-replacement did not documenta
greater weight gainin the thyroidectomized individuals thanwas seen
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Fig.1|Non-hormonal factors affecting body weight. Some of the multiple non-
hormonal factors that can substantially influence body weight are shown. These

factors are intertwined with each other. The factors are presented in a juxtaposed
manner and any combination of these factors can be relevant at any one time.

in euthyroid individuals being followed without surgery for thyroid
nodules®. An additional meta-analysis of 17 studies in patients under-
going thyroidectomy concluded that there is asmall degree of weight
gain after thyroidectomy, which is most notable in those undergoing
thyroidectomy for hyperthyroidism, compared with those undergoing
surgery for goitre or thyroid cancer® (Box 2).

The mechanisms by which thyroid hormones
contribute to weight regulation

Thyroid hormone contributes to weight regulation by both periph-
eral and central mechanisms. The peripheral mechanisms involve
regulation of basal metabolic rate, energy expenditure and oxygen
consumption. The central mechanisms involve regulation of appe-
tite, food preferences and activity level (Figs. 2, 3). The net effect of
perturbation of these mechanisms is that hypothyroidism leads to
decreased energy expenditure, weight gain and intolerance to cold*,
whereas hyperthyroidism leads to hypermetabolism, weight loss and
intolerance to heat™.

Peripheral mechanisms
T,undergoes controlled conversion via the activity of deiodinases to
its active metabolite, T;, which then contributes to weight regulation
through several different peripheral avenues (Figs. 2, 3). T;modulates
basal metabolicrate, energy expenditure, oxygen consumption, calo-
rigenesis, metabolic efficiency and thermogenesis®. T, also regulates
lipid turnover in adipocytes and thereby counteracts lipid accumula-
tion, reduces levels of cholesterol and increases lipid metabolism,
including via lipolysis and free fatty acid oxidation®. T, also appears
tobeinvolved in protein metabolism™.
T,regulatesbasalmetabolicrate by both genomicand non-genomic
mechanisms that affect mitochondrial biogenesis®. Thyroid hormones
stimulate mitochondrial respiration by enhancing the expression of
genesinvolved in oxidative phosphorylation, with glycerol phosphate
oxidationbeingincreasedinboth liver and kidney mitochondria. This
effect on mitochondriaincludesincreasing the expression of the gene
encoding the Na'-K" ATPase, resulting in increased ATP availability
and oxygen consumption. T, induces the expression of uncoupling
proteins, leading to heat productioninstead of ATP synthesis, aprocess
known as thermogenesis*®. This uncoupling leads to the increased
thermogenesis characteristic of hyperthyroidism and, whenreversed,
the decreased thermogenesis seen in hypothyroidism. Through the
above mechanisms, thyroid hormone determines basal metabolic

rate and oxygen consumption®, induces thermogenesis, including in
brown adipose tissue (BAT)***°, and permits the generation of heat to
maintain body temperature*.

With respect to heat generation in animal studies, T directly
stimulates the expression of genes involved in fatty acid oxidation
and mitochondrial respirationin cultured mouse adipocytes, thereby
facilitating thermogenesis*. T, also permits metabolicinefficiency by
inducing the mitochondrial uncoupling protein (UCP1) and allowing
heat generation®. Interestingly, in individuals on a very low-energy
diet and undergoing rapid weight loss, there is both a decrease in
serum concentrations of T;and areduced resting metabolic rate**. The
reduced resting metabolic rate was reversed in this study by thyroid
hormone treatment with levothyroxine and liothyronine**. The same
changes of decreased metabolicrate and decreased levels of T;are also
seen with sustained fasting®. In an animal study, food restrictionled to
decreased type1deiodinase activity, decreased T, levels and lowered
metabolicrate, but T, replacement did not normalize metabolicratein
this case*®.

As mentioned above, thyroid hormone regulates thermogenesis
viaits actions on BAT*~', possibly with a role for selenium in regulat-
ing deiodinase activity under some circumstances®. The type and
amount of thermogenic adipose tissue varies widely between indi-
viduals, with the amount being affected by cold exposure, age and
leanness*®**¢, Brown adipocytes contain multiple lipid droplets with
numerous mitochondria, and are important for heat production”.
Thyroid hormoneis akey factor ininfluencing BAT activity. Inresponse
to thyroid hormone®, BAT is activated insituations that perturb energy
regulation such as in response to a high-fat diet or cold exposure, in
order to protect the organism from weight gain and hypothermia,
respectively. Induction of type 2 deiodinase expression in BAT pro-
motes local conversion of T, to T;, and activation of the transcription of
target genesinvolved in thermogenesis®. Increased type 2 deiodinase
activity isassociated withincreased levels of uncoupling proteins and
heat generation®. In addition to the necessary role of T, in activat-
ing BAT and thermogenesis, sympathetic nervous stimulation is also
required for full activation of these mechanisms®%, Thyroid hormone
also appears to have a role in regulating deiodinase expression and
thermogenesis in white adipose tissue (WAT), although less is known
about the relative importance of thyroid hormone actions in WAT
compared with BAT®,

Central mechanisms via thermogenesis

The central effect of thyroid hormones on metabolism, energy homeo-
stasis and thermogenesis can be investigated by studying responses
to cold exposure and fasting, which has been conducted primarily in
rodent models. Several hypothalamic nucleiincluding the dorsomedial
hypothalamicnucleus, the VMH, the preopticarea, the arcuate nucleus
and the paraventricular nucleus (PVN) have been shown to interact
with thyroid hormones®**, Thyroid hormone receptor-a (TRa) in the
VMH mediates sympathetic nervous system output, increasing thermo-
genesis and energy expenditure®*°®, Thyroid hormones have arolein
altering obligatory thermogenesis, but also in adapting facultative
thermogenesis. During exposure to low temperatures, heat-sensitive
neuronsinthe preopticareaareinactivated, which causes anincrease
ininput to the dorsomedial nucleus and activation of WAT, BAT, liver
and skeletal muscle to increase thermogenesis. Associated with this
responseto coldisanincreasein thyroid-releasing hormone (TRH), TSH
and thyroid hormones. This hormonal response stimulates lipolysis,
glucose production and provision of substrates to combat the cold.
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Other studiesinrodents suggest arole of the PVNininducing metabolic
and behavioural changes®°®. Cold exposure and TRH administration
intothe PVNincrease bothbody temperature and locomotor activity,
thus providing a defence against cold. However, during fasting there is
reduced inhibition of the type 2 deiodinase by leptin, reduction of TRH
fromthe PVH, and decreased TSH and thyroid hormone production®,
Under these conditions, there is less activation of WAT, BAT, liver and
muscle, and reduced resting energy expenditure. During the hypothy-
roid state, thereisincreased production of TRH and TSH, but, despite
TSH stimulation of lipolysis, there is insufficient sympathetic drive
associated with the thyroid hormone deficiency to allow fuel consump-
tion, and so the potential for decreased core body temperature ensues.
With hyperthyroidism, TRHand TSH productionis decreased and the
action of thyroid hormone on the VMH causes heat production via
effects onthe liver and adipose tissue.

Central mechanisms via appetite regulation

Regarding appetite, thyroid hormone might have an effect on appetite
primarily by central effects®”° (Figs. 2, 3). Other hormones such as
leptin® and the central melanocortin system’"’> might also interact
with thyroid hormone and have substantial rolesin the control of food
intake. Inexperimental animal models, knockdown of the thyroid hor-
mone receptor-f (TRB) inthe VMH results in hyperphagia and reduced
energy expenditure”. Ultimately this loss of TR results in severe obe-
sity. Injection of T, into the VMH of rats produces a fourfold increase
in food intake over an hour”, although other studies suggest a more
substantial role of the arcuate nucleus™”°. Inaddition to the VMH, the
PVNand the arcuate nucleus also appear tobe involved in T;-mediated
appetite regulation®, Additional studies supportarole of the arcuate
nucleusin T;-stimulated feeding behaviour®*”>’¢viaTRa’®. The arcuate
nucleus contains two distinct neuronal populations, one expressing
pro-opiomelanocortin and the other expressing neuropeptide Y and
agouti-related protein. Itappears from animal studies that T;increases
appetite viastimulation of neuropeptide Y. Fasting appears to be asso-
ciated with T, productioninthe arcuate nucleus and rebound feeding
following food deprivation”™.

Weight gain accompanying hypothyroidism

The 2025 Lancet Commission on Obesity, which defines clinical obe-
sity as a condition characterized by excess adiposity with or without
abnormal distribution or function of adipose tissue, highlights hypo-
thyroidism as a secondary form of obesity that can be ruled out with
specificblood tests””. The development of hypothyroidismis generally
accompanied by weight gain (Table 1), with decreased energy expendi-
tureand decreased thermogenesis. Other factors potentially contribut-
ing toweight gain whenindividuals are in a hypothyroid state include
fatiguability’®, reduction of physical activity’’ and accumulation of
glycosaminoglycans, whichinthe skininterstitium are associated with
increased fluid accumulation and oedema®®®'. Perplexingly, a return
to the baseline body weight with treatment of hypothyroidism canbe
elusive. This might be partly due to a new set point associated with
the higher weight, combined with the incomplete normalization of
metabolic rate.

Newly diagnosed subclinical hypothyroidism

Subclinical hypothyroidism occurs when levels of TSH are elevated,
butlevels of thyroid hormones remain within the normal range and
canbe associated with metabolic syndrome®’. A trend for weight gain
hasbeen described forincreasesin TSH values even within the normal

range inapopulationin Denmark". Another study in Norway observed
that increasing TSH within the reference range of 0.3-3.5 mIU/I was
associated with weight gain, and conversely weight loss was associated
withalower TSHvalue®. In data from the Framingham Offspring Study,
baseline weightincreased progressively from the lowest to highest TSH
quartile within the range of 0.5-5.0 mIU/I**. Similarly, an increasing
TSHvalue within the reference range was positively associated with BMI
(p <0.001) and with the prevalence of obesity (p < 0.005) in another
study conducted in Norway®.

In a Danish study in which the TSH reference range was
0.4-3.6 mIU/I, thegroup that had a TSH greater than 3.6 mIU/l (median
TSH 4.5 mIU/1), and thus had subclinical hypothyroidism, had the
greatest 5-year weight gain".. For the previously mentioned Framing-
ham Offspring Study, in addition to the positive association between
TSH and BMI at baseline, at the 3.5-year follow-up, more women in
the highest decile of weight change had high TSH concentrations
(serum concentrations of TSH >5.0 mIU/l) compared with the rest of
thesample (9.2% versus 5.7%)%*. In another study, patients with subclini-
cal hypothyroidism and a mean TSH concentration of 13 mIU/l had a
mean BMI of 25.3 + 4.3 kg/m?, compared with aBMI of 23.5 + 3.5 kg/m?
ina euthyroid control group with a TSH of 1.6 mIU/I (BMI differences
p<0.01)%. However, despite these studies, an association between
subclinical hypothyroidism and weight gainis not always documented,
particularly in studies with smaller patient numbers. For example,ina
smallstudy in patients with newly diagnosed subclinical hypothyroid-
ism, BMI values were no different from those in euthyroid controls
(BMI 25 + 4 kg/m?versus 24 + 4 kg/m?; p value not significant)”.

Box 2 | The effect of thyroidectomy on body
weight as shown in two meta-analyses

Huynh et al. (2021) meta-analysis®*

¢ A meta-analysis of 17 studies showed a weight gain of 2.1kg over
approximately 2 years following thyroidectomy®.

¢ In the same meta-analysis, the greatest weight gain of
5.19kg occurred in patients undergoing thyroidectomy
for hyperthyroidism, compared with 1.3kg and 1.55kg in
those who underwent thyroidectomy for cancer and goitre,
respectively®.

Singh Ospina et al. (2018) meta-analysis®?

¢ A meta-analysis of nine studies showed similar weight gain over
1-2 years in three groups of patients; that is, those undergoing
surgery for thyroid cancer, those undergoing surgery for thyroid
nodules, and those being followed for thyroid nodules without
surgery*.

¢ Inthis second meta-analysis, at 1-2 years of follow up, the weight
gain following thyroidectomy for thyroid cancer was 0.94kg,
compared with 1.07kg in those undergoing surgery for benign
disease and 0.51kg in patients with benign thyroid nodules
followed without surgery™.

To conclude from these meta-analyses and the individual
studies included within them, there is weight gain over time after
thyroidectomy, but it does not appear to be substantially more than
the weight gain occurring in control groups, except within specific
individual studies or populations.
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Fig.2|Mechanisms through which thyroid hormone controls body weight.
Mechanisms are divided into central and peripheral mechanisms. For each
mechanism the effect is in the opposite direction for hypothyroidism versus
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hyperthyroidism. Opposite effects on appetite and metabolic rate are given
as examples. BAT, brown adipose tissue; BMR, basal metabolic rate; DIO,
deiodinase; T, triiodothyronine; T,, thyroxine; UCP1, uncoupling protein 1.

The modest or absent weight changes with the development of
subclinical hypothyroidism could suggest either that the patient uses
compensatory behaviours or strategies to prevent a greater degree
of weight gain, or that various physiological control mechanisms are
deployed, or that there is a TSH and free T, concentration threshold
before weight gain manifests. Furthermore, the absent or minor weight
reduction with treatment of subclinical hypothyroidism (see later
section ‘Weight changes with treatment of hypothyroidism’) could
be due to the previously discussed mechanisms causing weight gain
despite aeuthyroid state.

Newly diagnosed overt hypothyroidism

Overthypothyroidism, typically caused by thyroid peroxidase antibod-
ies and known as autoimmune hypothyroidism, occurs when there is
both anincrease in levels of TSH and a reduction in thyroid hormone
levels below the reference interval. This condition is associated with
obesity, which appears to manifest gradually as the hypothyroidism
progresses. In addition to autoimmune hypothyroidism being associ-
ated with obesity, it also appears that the metabolicissues associated
withobesity canbe associated with the presence of autoimmune thyroid
disease” and with non-autoimmune thyroid dysfunction®, although
causation has not been established. In the case of non-autoimmune
thyroid dysfunction the so-called lipotoxicity mechanism has been

promulgated by one particular group®. The weight gain that can be
associated with newly diagnosed overt hypothyroidism has not been
well documented in comparison with a control group. However, weight
gainisasymptomreported by patients with hypothyroidism, and it has
apositive predictive value of 70.6% for the diagnosis®®. In one study of
patients with hypothyroidism withamean TSH of 52 mlU/land alow T,
level (0.7 nmol/I), the mean BMI was 27.2 + 3.2 kg/m?, compared with
23.5+3.5kg/m?in a euthyroid control group with a TSH of 1.6 mIU/I
(p <0.001)*, However, in a small study of patients with newly diag-
nosed hypothyroidism, BMI values were no different from those in
euthyroid controls (BMI 27 + 5 kg/m? versus BMI 24 + 4 kg/m? p value
notsignificant)”.

Rapid-onset overt hypothyroidism

Hypothyroidism of rapid onset, as opposed to the gradual onset seen
with spontaneous hypothyroidism, can primarily occur under two
circumstances. It occurs in individuals who remain untreated for
hypothyroidism with levothyroxine after undergoing thyroidectomy.
Rapid-onset hypothyroidism canalso occur during protocols involving
withdrawal from thyroid hormone in patients with post-surgical hypo-
thyroidismwho are being prepared for radioactiveiodine treatment for
thyroid cancer. Under thelatter specific circumstance, ina2015study,
weight gainwas 1.0 + 1.9 kgin those withdrawn from thyroid hormone
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compared with a weight loss of 1.4 + 1.6 kg in those who underwent a
recombinant human TSH protocolinvolving two injections of recombi-
nant TSH while remaining on thyroid hormone®. Both groups followed
alow-iodine diet and the weight loss in the recombinant human TSH
group was attributed to this diet. Interestingly, in another study of
the weight gain during a thyroid hormone withdrawal protocol, 69%
of patients reported a gainin weight, whereas only 35% of participants
ina comparison group who were also prescribed probiotics gained
weight”. The authors suggested that the modified gut flora associated
with the consumption of probiotics reduced the weight gain associ-
ated with hypothyroidism. It also appears that the weight gain experi-
enced during the withdrawal from thyroid hormone had the additional
consequence of being associated with greater weight gains at 3-4 years
following radioactive iodine treatment compared with those who were
treated with arecombinanthuman TSH protocol. The weight gain over
3—-4 years was significant at 0.7 kg (p < 0.001) compared with baseline
for the withdrawal group compared with no weight gain (p = 0.55) in
the recombinant human TSH group®” The weight gain was greatest
(1.5kg) in the patients in the thyroid hormone withdrawal group who
were aged less than 40 years.

The generally clinically significant weightincreases occurring with
development of overt hypothyroidism reinforce the role of thyroid
hormoneinweight regulation and perhaps also suggest that, with the
greater magnitude of thyroid hormone deficiency than in subclini-
cal hypothyroidism, other systems are less effective in rectifying the
weight increase.

Weight changes with treatment of hypothyroidism

Perhaps surprisingly, weight loss following treatment of hypothyroid-
ism with levothyroxine is typically quite modest” (Table 1). In one
study of individuals with moderately severe hypothyroidism, with a
mean TSH of 102 mIU/I, initiation of thyroid hormone treatment was
associated with normalization of TSH to 2.2 mIU/I. Once these indi-
viduals achieved euthyroidism, their weight decreased from amean of
83.7 £16.4 kg to 79.4 +16.0 kg (p < 0.002)°*. However, the weight loss
was not duetoachangeinfat mass, but wasentirely duetoadecreasein
the weight of the lean mass subcompartment. The lack of alterationin
fat mass was observed despite increases inresting energy expenditure

The influence of thyroid hormone
on adipose tissue metabolism,
regulation of muscle mass, and
regulation of appetite

and physical activity with achievement of euthyroidism. In keeping
with the theory that weight loss can occur due to reversal of myxo-
edematous changes, inastudy in which skin biopsies were performed
before and after treatment of hypothyroidism with desiccated thy-
roid extract, the deposition of mucopolysaccharides, hyaluronic acid
and chondroitin sulfate was decreased by treatment®. In a study of
17 patients with amilder degree of hypothyroidism (mean TSH concen-
tration 23.99 mlU/1) in whom euthyroidism was restored (mean TSH
concentration 3.27 mIU/1), mean weight decreased from 70.9 +10.1 kg
t0 68.7 £10.1 kg (mean difference 2.3 + 2.0 kg; p < 0.001). Statistically
significant differences were also observed between patients’ base-
line BMI (27.07 + 3.22 kg/m?) and final BMI (26.22 + 3.36 kg/m? mean
difference 0.86 + 0.77 kg/m? p < 0.001)*°.

Inanother study inindividuals withamoderate degree of hypothy-
roidism (mean TSH concentration 48-61 mlIU/I), there was no weight
change reported with restoration of euthyroidism?®. Similarly, in a
study in patients with hypothyroidism (mean TSH concentration
17 mIU/1, range 10.8-53 mIU/1), who were treated with levothyrox-
ine, BMIdid not change (25.3 versus 25.0 kg/m?), despite the fact that
TSH normalization was associated with restoration of cold-induced
thermogenesis®”. Treatment of hypothyroidism with levothyroxine
in 25 patients with a mean TSH concentration of 18.7 mIU/I (95% CI
10.3-26 mlU/1) did not resultin a statistically significant weight loss at
1year. The mean weight loss in these patients was 0.6 kg (95% CI1 -2.2
to +1.1kg)’®. Another study of levothyroxine treatment in patients
with subclinical hypothyroidism resulted in normalization of TSH
from 8 mIU/I to 3.4 mlIU/I, but was not associated with reduction in
percentage lean body mass or BMI?. Patients with treated hypothy-
roidism, especially those with autoimmune thyroid disease, report
more inability to exercise and more exercise intolerance than control
individuals without hypothyroidism, which could contribute to weight
loss difficulties, even once euthyroidism has been restored'’.

The fact that weight loss with treatment of hypothyroidism does
notreach the anticipated pre-hypothyroidism baseline could indicate
that, once ahigher weight has been established, the body defends this
weight as the new set point. This defence could involve mechanisms
thathave beeninvokedin the thrifty phenotype theory, inwhich there
is hard wiring to allow potentially protective weight gain'®. Other
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Fig.3| Theinfluence of thyroid hormone on adipose tissue metabolism,

regulation of muscle mass and regulation of appetite. Triiodothyronine
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T, levels rise above normal, and interacts with other hypothalamic neuropeptides
to stimulate appetite and reduce satiety. AgRP, agouti-related protein; NPY,
neuropeptide Y; POMC, pro-opiomelanocortin.
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Table 1| Weight changes with development of hypothyroidism
and hyperthyroidism and their treatments

Thyroid disorder

At diagnosis®

With treatment

Comments

Subclinical
hypothyroidism

Mild to no
weight gain or
increase in BMI

Mild weight loss
or BMl decrease

Newly Mild to Moderate to no Weight loss due to
diagnosed overt moderate weight loss or decreased weight
hypothyroidism weightgainor  decreasein BMI  of the lean body
increase in BMI compartment
Rapid onset Mild weight Mostly reversion  Future weight gain
hypothyroidism gain to previous if previous weight
weight is not achieved
when euthyroidism
achieved
Subclinical Mild to no No change With treatment,
hyperthyroidism weight loss or return to weight and BMI
or decrease baseline weight ~ can overshoot
in BMI and BMI from baseline
Overt Moderate to Return to at The degree of
hyperthyroidism significant least baseline weight and BMI
weight loss weight and gain is affected

BMI; however,
generally weight
overshoots
Increase in both

by the modality
used to treat
hyperthyroidism.
Weight gain is

lean mass and
fat mass

greater with
definitive therapies

2Weight changes of <56% could be considered mild, whereas changes of 5-10% could be
considered modest, and weight changes of >10% are probably clinically significant.

theories exist regarding set points promoting lipid storage, in which
leptin probably has an important role'®. One small study suggested
that the metabolic response to a carbohydrate load was not fully nor-
malized by levothyroxine therapy for hypothyroidism'®, Similarly,
levothyroxine treatment to restore a normal TSH concentration was
associated with a lower resting energy expenditure than in a healthy
control group'®*. Furthermore, three different TSH concentration
targets among the patients being treated for hypothyroidism did not
alter resting energy expenditure between the groups'®. Interestingly,
combination therapy with both levothyroxine and liothyronine did not
assist with weight loss during treatment of hypothyroidism, despite
patients” hope that it would do s0'°°. Only two studies of combination
therapy have demonstrated achievement of weight loss. One was a
study in which levothyroxine and liothyronine were administered at
aratio of 5:1, which exceeds the physiological ratio of 14:1 (ref. 107).
Another wasthe first of two studies investigating the use of desiccated
thyroid extract'®®, with the weight loss not being replicated in a sec-
ond study by the same authors'*’. The most recent of the randomized
controlled trials of combination therapy published in 2025 confirmed
the findings of previous studies, that weight loss is not achieved with
such treatment'’. However, of note, monotherapy with liothyronine
is associated with a modest weight loss of 3%"""2,

Weight loss accompanying hyperthyroidism

Both subclinical and overt hyperthyroidism can be accompanied by
weight loss' (Table 1). Subclinical hyperthyroidism, in which TSH
levels are low but thyroid hormone levels remain normal, is generally
accompanied by no weight change or mild to moderate weight loss.
Overthyperthyroidism, characterized by low levels of TSH and elevated

thyroid hormone concentrations, is most commonly accompanied by
substantial weight loss™*". This weight loss is thought to include loss
of fat mass, muscle mass and bone mass. Whether weight loss occurs
and the degree of weight loss can vary greatly, probably based on the
complexity of individual responses to the elevated thyroid hormone
levels, and possibly due to the degree of T, thyrotoxicosis. The extent
of weightlossineach patient can depend on the balance of the effects
ofthyroid hormone on basal metabolicrate, lipid metabolism, activity
level, appetite and food preferences, and the effect on the gastroin-
testinal system with respect to the occurrence of hyperdefaecation
and diarrhoea.

Appetite changes with hyperthyroidism

Development of hyperthyroidism is associated with an increased
appetite"®. One of the many factors that is thought to affect the magni-
tude of weight loss after development of hyperthyroidismis the degree
of appetite stimulation. Ghrelin levelsincrease as patients with Graves
disease are treated for their hyperthyroidism, which could be one of
the factorsinvolved in modulating hunger and satiety signals™’. Some
individuals with hyperthyroidism might not lose weight"*'*°, perhaps
duetothe co-existent appetite stimulation. Altered food preferences
canalso be seen following development of hyperthyroidism'. In one
study this change infood preference manifested asincreased consump-
tion of carbohydrates, but not protein or fat'”. These changes in food
preferences could potentially help protect against severe weight loss.

Weight changes with treatment

of hyperthyroidism

There is a compelling literature demonstrating that there are weight
gain and other alterations in body composition parameters after
treatment of hyperthyroidism'* (Table 1). Furthermore, many studies
suggestarebound effect, such that weight after treatment is higher than
theweightbelieved to be present prior to the development of hyperthy-
roidism. Generally, patients experience greater weight gain following
treatment of hyperthyroidism with definitive treatments such as thy-
roidectomy and radioactive iodine ablation than with the use of antithy-
roidal agents®>'%, This finding also extends to the subset of patients
with obesity at the time their hyperthyroidism was diagnosed™*.
However, many other factors can affect the amount of weight gain,
including whether thereis anintervening period of iatrogenic hypothy-
roidism after therapy is started and before thyroid hormone therapy is
initiated”'**. As an example of the weight gain that occurs following
treatment of hyperthyroidism, in a study in 17 patients who received
an unspecified treatment for hyperthyroidism, the mean weight of
the patientsincreased from 65.5 +11.6 kg to 68.4 + 12.8 kg (increase
2.9 +3.0 kg; p = 0.001) following restoration of euthyroidism. The mean
BMIlof these patients alsoincreased upon restoration of euthyroidism,
fromaninitial mean BMI 0f 26.4 + 4.4 kg/m?to a post-treatment BMI of
27.6 £ 5kg/m?(meanincrease 1.2 + 1.2 kg/m? p = 0.001)*. Weight gain
hasalso been documented in paediatric patients with Graves disease'”.
With respect to treatment of subclinical hyperthyroidism, BMI has
been found to increase in individuals whose initial TSH values were
less than 0.1 mIU/I, but not in those whose initial TSH values were in
the 0.1-0.39 mlU/I range'*.

Weight changes with specific therapies for hyperthyroidism

Thyroidectomy and radioactiveiodine treatment are considered defini-
tive therapy for Graves disease, in that the hyperthyroidism is fully
reversed and most patients ultimately need levothyroxine treatment for
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theresultant hypothyroidism. In one study in160 patients with hyper-
thyroidism, who mostly had Graves disease and were primarily treated
withradioactiveiodine, the median weight gain after therapy was 5.0 kg
at 6 months and 9.0 kg at 12 months, with stabilization at 12 kg after
24 months'”, Astudy in 65 patients with hyperthyroidism compared the
weight gain at1year after each of three therapies for hyperthyroidism.
The mean weight gains were 5.4 kg (95% CI 3.6-7.2 kg) following carbi-
mazole treatment, 6.3 kg (95% CI 3.4-9.2 kg) following thyroidectomy,
and 7.4 kg (95% CI15.2-9.6 kg) following radioactive iodine treatment.
There were nosstatistically significant differences in weight gain between
treatmentgroupsbut,ineach of the three groups, the weight gains from
baselineto1year after treatmentinitiation were statistically significant
(p <0.001)°®. By contrast, inastudy in162 patients treated for hyperthy-
roidism, patients treated with thyroidectomy gained more weight than
those treated with thionamides or radioactive iodine (10.27 +2.56 kg
in the thyroidectomy group; p = 0.007 for compared with the other
two groups)'?. Inthe entire group of patientsin this study undergoing
treatment of any type, the weight gain at one year was 3.95 + 0.40 kg
and 9.91 £ 1.62 kg at 4 years. Any period of hypothyroidism was also
associated with substantially more weight gain (Fig. 4).

Inastudy inwhich hyperthyroid patients received surgery, radio-
active iodine or methimazole, those in whom euthyroidism was not
restored following therapy and who required levothyroxine treat-
ment for hypothyroidism gained more weight (10.1-10.4 kg) than
thoseinwhom euthyroidism was restored by hyperthyroidismtherapy
(3.9-4.1kg)”. Inanother study in patients who received antithyroidal
medication, surgery or radioactive iodine, patients gained weight
after treatment, but additionally women, those with a higher pretreat-
ment BMI and those who received definitive therapy with surgery or
radioactive iodine gained more weight"*. A further study confirming
these concerns found that weight gain was of a greater magnitude with
radioactiveiodine treatment than with antithyroid agents, and was also
associated with any period of high TSH levels and the need for thyroid
hormone replacement. The predicted overall weight gain in this study
was 1.8 kg'** (Fig. 4).

Anthropometric and metabolic changes with therapy

for hyperthyroidism

Interestingly,inagroup of 75 patients treated for hyperthyroidism with
radioactiveiodinetherapy, theincreasein BMI at Syears was mostly attrib-
utabletoanincreaseinlean body mass of 7.2 kg (p = 0.0004)"**. However,
increases in fat mass also occur with hyperthyroidism treatment, as
demonstrated, for example, inanother study'”.Inastudy in 50 patients
with Graves disease, anthropometric indices were measured at baseline
and then at 6 and 12 months after treatment with methimazole. Body
weight at baseline was 59.02 + 11.11 kg and increased to 64.29 + 9.70 kg
at6months,and thento 65.78 + 9.51 kg at 12months (p < 0.001)'*. There
were similar changes in BMI, which was 22.44 + 3.12 kg/m? at baseline,
24.53+3.09 kg/m*at 6 monthsand 25.08 + 2.78 kg/m*at12months. There
were also statistically significantincreasesinvisceral and subcutaneous
fatareaat 6 months and at12 months.

Inanother study in 35 patients with hyperthyroidism treated with
carbimazole, on restoration of euthyroidism, weight had increased
from 51.15 + 8.50 kg to 55.74 + 8.74 kg (p < 0.001), accompanied by
significant increases in lean body mass and fat mass (p < 0.001).
The patients also showed adecrease ininsulin resistance as measured
by HOMA-IR from amedian of 1.35 (interquartile range (IQR) 1.02-1.72)
to amedian of 0.73 (IQR 0.52-0.93; p < 0.001), and a decrease in lep-
tin levels from a median of 17 ng/ml (IQR 7-36 ng/ml) to a median of

11 ng/ml (IQR 4.6-28 ng/ml; p = 0.03)"*°. These data could suggest that,
despite causing weight loss, hyperthyroidismis associated with insulin
resistance. Ghrelin levels have been reported tobereducedin patients
with hyperthyroidism and to returnto higher levels similar to those in
controlindividuals after treatment with antithyroidal agents™.Ina2016
Chinese study in 24 women with Graves disease, restoration of euthy-
roidism following treatment with thionamides resulted in a significant
increases in body weight (52.6 + 9.0 kg to 55.3 + 9.4 kg; p < 0.001) and
fatmass (14.3 + 6.9 kg t016.8 + 6.5 kg; p = 0.005)"*2. These changes were
accompanied by a decrease in resting energy expenditure. In another
study in 20 patients with Graves disease, medical therapy resulted in
significant decreasesinresting energy expenditure, and concomitant
increases in body weight, muscle mass and lean body mass at 1, 3 and
6 months after therapy initiation'*, and fat mass at1and 3 months.

In a small group of nine patients with hyperthyroidism treated
with surgery, radioactive iodine or antithyroid drugs, weight, body
composition and tissue areas were documented at 3 and 12 months
after restoration of euthyroidism'”. Body weight had increased at both
time points, accompanied by decreases in basal metabolic rate and
energy intake. Body adipose tissue area had increased at 12 months,
with increases in both subcutaneous and intraperitoneal adipose tis-
suearea, whereas fat-free mass had increased at both 3and 12 months.
These findings led the authors to suggest that replenishment of skeletal
muscle was prioritized with resolution of hyperthyroidism. Another
study in patients with Graves disease treated with thyroidectomy also
suggested that skeletal muscle mass increases with normalization of
thyroid function™*.Inanother study, treatment of hyperthyroidism was
associated with decreased resting energy expenditure but no change
in cold-induced thermogenesis'®.

Although it is reassuring that muscle mass is increased as a hall-
mark of the recovery from hyperthyroidism, the gains in fat mass are
of concern. Taken together, these studies suggest the importance of
patienteducation, avoidance of iatrogenic hypothyroidism and other
lifestyle measures to avoid weight gain above pretreatment baseline
values and then continued weight gain following initial therapy for
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hyperthyroidism™*.

Thyroid hormone as a weight loss drug

Thyroid hormone has an unconvincing track record as a weight loss
drug®®. This finding is true regardless of whether thyroid hormone is
used inindividuals who do not have a diagnosis of hypothyroidism,

Intervening  Higher Definitive Definitive Female sex Lower
period of pretreat- treatment treatment baseline
hypothy- ment BMI modality modality levels of
roidism with with TSH
surgery radioactive
iodine

H_)

Requirement for levothyroxine
after treatment

|

Fig. 4 |Hyperthyroidism treatment: factors causing weight gain following
treatment. Each of these factors can potentially contribute to agreater weight
once euthyroidism has been restored after treatment for hyperthyroidism.
Among the mostimportant factors seem to be the definitive therapies of surgery
and radioactive iodine along with the need for levothyroxine initiation after
hyperthyroidism treatment. TSH, thyroid-stimulating hormone.
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or whether iatrogenic hyperthyroidism is achieved in those who are
being treated for hypothyroidism. An example of lack of effectiveness
isweight gain, rather than weight loss, in patients with thyroid cancer
treated with TSH-suppressive doses of levothyroxine®. Despite the
lack of evidence to support the use of thyroid hormone for weight
loss purposes, there is still a belief among physicians that it has poten-
tial utility for this purpose'”. Doses of thyroid hormone that actually
areassociated with weight loss are often accompanied by concerning
adverse effects of thyrotoxicosis such as cardiac arrhythmias®®.

Therehasbeeninterestinselective thyromimetic agents, whichact
onthethyroid hormonereceptor. These drugs could potentially be har-
nessed for their positive effects of lowering body weight and improving
metabolic dysfunction via their hepatic action, without detrimental
effects on the cardiac and skeletal systems™****°, However, historically
one of these agents, 3,5-diiodothyropropionicacid, despite achieving
weightloss and reduced levels of LDL cholesterol, was also associated
with adverse effects on the skeleton*' and did not show promise when
tested for potential cardiac benefits'*2. Inarandomized controlled trial
evaluating the effect of the thyromimetic agent eprotirome on LDL
cholesterol levels in patients with statin-treated hypercholesterolae-
mia, eprotirome lowered LDL cholesterol levels without any effect on
weight'*. A phase lll trial of eprotirome for the treatment of familial
hypercholesterolaemia was halted because of an increase in levels of
liver enzymes observed in trial participants, and a report of cartilage
damageinanimalstudies'*. More recently, resmetirom has been tested
asapotential treatment for metabolic dysfunction-associated steatotic
liver disease (MASLD)" and for its lipid-lowering capabilities. Not only
does hypothyroidismincrease the risk of MASLD viaa decreased meta-
bolicrate, lipid accumulation and weight gain'*¢, but MASLD-associated
metabolic disturbances might also impair thyroid function. Resmeti-
romimproves lipid profile and liver fibrosis**’ and is FDA-approved for
such uses™**°, However, it has no effect on body weight'’, in contrast
to other agents which seem to improve metabolic dysfunction via
an effect on weight”%"'. Other thyromimetic agents are currently
under investigation.

Conclusions
Theimportance of this Review is the demonstration that the relation-
ship between thyroid hormones and weight and body composition is
complex and intertwined with many other control mechanisms. The
profound and far-reaching effects of thyroid disease on body weight
and body composition more than justify the classification of thyroid
diseases as non-communicable diseases with a major public health
effect on obesity, metabolic disease and cardiovascular disease'*.
Although the development of hypothyroidismis associated with
weight gainand the development of hyperthyroidism with weight loss,
the trend that is most evident after treatment of these diseases is one
of weight gain over time. Development of hypothyroidismis generally
accompanied by a mild to modest weight gain, but reversal of hypo-
thyroidism is not universally associated with a reduction in weight.
Hyperthyroidism, however, is commonly associated with weight loss,
withdecreasesinadipose tissue (fat) mass, muscle mass and bone mass.
As treatment to lower thyroid hormone levels is initiated, the change
from hyperthyroidismto euthyroidismis accompanied by anincrease
inadipose tissue mass, muscle mass and bone mass. However, the reso-
lution of hyperthyroidism typically is associated with anetincreasein
body weightand BMIthat appear to rebound substantially above their
hyperthyroid baselines. Thus, although thyroid dysfunction and its
treatment appear to be intimately linked to inexorable weight gain,

manipulation of the thyroid axis does not appear to hold promiseasa
means of limiting or reversing weight gain. Other hormones suchas lep-
tin, ghrelinand glucagon-like peptide agonists, combined with neuro-
peptidessuch asthosein the melanocortin pathways, might have more
substantial roles in weight regulation. Owing to the co-occurrence of
thyroid disease and weight gain, it appears that restoring euthyroidism
and optimal management of thyroid diseases has amajorrole inweight
management. However, other approaches including lifestyle modifica-
tion, efficacious weight loss medications and bariatric surgery** might
alsoneed tobe used toreduce the harmful effects of obesity on health
and to improve quality of life.
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References

1. Elmaleh-Sachs, A. et al. Obesity management in adults: a review. JAMA 330, 2000-2015
(2023).

2. Walczak, K. & Sieminska, L. Obesity and thyroid axis. Int. J. Env. Res. Public. Health 18,
9434 (2021).

3. Wu, W. etal. Endocrine, genetic, and microbiome nexus of obesity and potential role
of postbiotics: a narrative review. Eat. Weight. Disord. 28, 84 (2023).

4. Lenz, A. & Diamond, F. B. Jr. Obesity: the hormonal milieu. Curr. Opin. Endocrinol.
Diabetes Obes. 15, 9-20 (2008).

5. Coll, A. P, Farooqi, I. S. & O'Rahilly, S. The hormonal control of food intake. Cell 129,
251-262 (2007).

6. Teixeira, P., Dos Santos, P. B. & Pazos-Moura, C. C. The role of thyroid hormone in metabolism
and metabolic syndrome. Ther. Adv. Endocrinol. Metab. 11, 2042018820917869 (2020).

7. Li, L., Song,Y., Shi, Y. &Sun, L. Thyroid hormone receptor-@3 agonists in NAFLD therapy:
possibilities and challenges. J. Clin. Endocrinol. Metab. 108, 1602-1613 (2023).

8. Alwan, H. et al. A systematic review and meta-analysis investigating the relationship
between metabolic syndrome and the incidence of thyroid diseases. Endocrine 84,
320-327 (2024).

9. RoaDueiias, O. H. et al. Thyroid function and anthropometric measures: a systematic
review and meta-analysis. Endocr. Pract. 31,198-207 (2025).

10. Kitahara, C. M. et al. Body fatness and markers of thyroid function among U.S. men and
women. PLoS ONE 7, e34979 (2012).

1. Knudsen, N. et al. Small differences in thyroid function may be important for body mass
index and the occurrence of obesity in the population. J. Clin. Endocrinol. Metab. 90,
4019-4024 (2005).

12.  Taylor, P.N., Razvi, S., Pearce, S. H. & Dayan, C. M. Clinical review: a review of the clinical
consequences of variation in thyroid function within the reference range. J. Clin. Endocrinol.
Metab. 98, 3562-3571(2013).

13. Mele, C. etal. The pattern of TSH and fT4 levels across different BMI ranges in a large
cohort of euthyroid patients with obesity. Front. Endocrinol. 13, 1029376 (2022).

14. Soriguer, F. et al. Thyroid hormone levels predict the change in body weight: a prospective
study. Eur. J. Clin. Invest. 41,1202-1209 (2011).

15. Ortega, E., Pannacciulli, N., Bogardus, C. & Krakoff, J. Plasma concentrations of free
triiodothyronine predict weight change in euthyroid persons. Am. J. Clin. Nutr. 85,
440-445 (2007).

16. Tian, Z. et al. Total weight loss induces the alteration in thyroid function after bariatric
surgery. Front. Endocrinol. 15,1333033 (2024).

17. Kok, P. etal. High circulating thyrotropin levels in obese women are reduced after body
weight loss induced by caloric restriction. J. Clin. Endocrinol. Metab. 90, 4659-4663 (2005).

18. Liu, G. et al. Thyroid hormones and changes in body weight and metabolic parameters
in response to weight loss diets: the POUNDS LOST trial. Int. J. Obes. 41, 878-886 (2017).

19.  Agnihothri, R. V. et al. Moderate weight loss is sufficient to affect thyroid hormone
homeostasis and inhibit its peripheral conversion. Thyroid 24, 19-26 (2014).

20. Bluher, M. Obesity: global epidemiology and pathogenesis. Nat. Rev. Endocrinol. 15,
288-298 (2019).

21. Kalra, S., Kapoor, N., Bhattacharya, S., Aydin, H. & Coetzee, A. Barocrinology:
the endocrinology of obesity from bench to bedside. Med. Sci. 8, 51(2020).

22. Ball, K., Crawford, D., Ireland, P. & Hodge, A. Patterns and demographic predictors
of 5-year weight change in a multi-ethnic cohort of men and women in Australia.
Public. Health Nutr. 6, 269-281(2003).

23. Knight, M. G. et al. Weight regulation in menopause. Menopause 28, 960-965 (2021).

24. Gong, H. J., Tang, X. & Zhou, J. B. The association between weight change patterns and
obesity-related complex multimorbidity: evidence from NHANES. Front. Endocrinol. 15,
1400204 (2024).

25. Hurtado, M. D., Saadedine, M., Kapoor, E., Shufelt, C. L. & Faubion, S. S. Weight gain in
midlife women. Curr. Obes. Rep. 13, 352-363 (2024).

26. Palacios, S., Chedraui, P., Sdnchez-Borrego, R., Coronado, P. & Nappi, R. E. Obesity and
menopause. Gynecol. Endocrinol. 40, 2312885 (2024).

27. Musatoy, S. et al. Silencing of estrogen receptor a in the ventromedial nucleus of
hypothalamus leads to metabolic syndrome. Proc. Natl Acad. Sci. USA 104, 2501-2506
(2007).

Nature Reviews Endocrinology


http://www.nature.com/nrendo

Review article

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Moorman, P. G. et al. A prospective study of weight gain after premenopausal hysterectomy.
J. Womens Health 18, 699-708 (2009).

Palacios, S. et al. Management of obesity in menopause. Climacteric 27, 357-363 (2024).
Jonklaas, J. & Nsouli-Maktabi, H. Weight changes in euthyroid patients undergoing
thyroidectomy. Thyroid 21, 1343-1351(2011).

Polotsky, H. N., Brokhin, M., Omry, G., Polotsky, A. J. & Tuttle, R. M. latrogenic hyperthyroidism
does not promote weight loss or prevent ageing-related increases in body mass in thyroid
cancer survivors. Clin. Endocrinol. 76, 582-585 (2012).

Singh Ospina, N. et al. Weight changes after thyroid surgery for patients with benign
thyroid nodules and thyroid cancer: population-based study and systematic review and
meta-analysis. Thyroid 28, 639-649 (2018).

Huynh, C. N., Pearce, J. V., Kang, L. & Celi, F. S. Weight gain after thyroidectomy:

a systematic review and meta-analysis. J. Clin. Endocrinol. Metab. 106, 282-291 (2021).

A meta-analysis of 17 studies examining the weight gain of patients undergoing
thyroidectomy, and showing the greatest weight gain in those patients undergoing
thyroidectomy due to hyperthyroidism.

Dharia, A., Desai, D. & Desai, K. Exploring the link between thyroid disorders and obesity:
mechanisms, impacts, and clinical implications. Endocr. Pract. 31, 660-667 (2025).

Iwen, K. A., Oelkrug, R. & Brabant, G. Effects of thyroid hormones on thermogenesis and
energy partitioning. J. Mol. Endocrinol. 60, R157-R170 (2018).

Yavuz, S., Salgado Nunez Del Prado, S. & Celi, F. S. Thyroid hormone action and energy
expenditure. J. Endocr. Soc. 3,1345-1356 (2019).

Basolo, A. et al. Effects of short-term fasting and different overfeeding diets on thyroid
hormones in healthy humans. Thyroid 29, 1209-1219 (2019).

Petito, G. et al. Adipose tissue remodeling in obesity: an overview of the actions of thyroid
hormones and their derivatives. Pharmaceuticals 16, 572 (2023).

Kim, B. Thyroid hormone as a determinant of energy expenditure and the basal metabolic
rate. Thyroid 18, 141-144 (2008).

Goémez-Hernandez, A. et al. New mediators in the crosstalk between different adipose
tissues. Int. J. Mol. Sci. 25, 4659 (2024).

Senese, R., Cioffi, F., Petito, G., Goglia, F. & Lanni, A. Thyroid hormone metabolites and
analogues. Endocrine 66, 105-114 (2019).

Yau, W. W. et al. Thyroid hormone (T5) stimulates brown adipose tissue activation

via mitochondrial biogenesis and MTOR-mediated mitophagy. Autophagy 15, 131-150
(2019).

Cioffi, F., Giacco, A., Goglia, F. & Silvestri, E. Bioenergetic aspects of mitochondrial actions
of thyroid hormones. Cells 11, 997 (2022).

Welle, S. L. & Campbell, R. G. Decrease in resting metabolic rate during rapid weight loss
is reversed by low dose thyroid hormone treatment. Metabolism 35, 289-291 (1986).

Sui, X. et al. The influence of extended fasting on thyroid hormone: local and
differentiated regulatory mechanisms. Front. Endocrinol. 15, 1443051 (2024).

Araujo, R. L. et al. Low replacement doses of thyroxine during food restriction restores
type 1deiodinase activity in rats and promotes body protein loss. J. Endocrinol. 198,
119-125 (2008).

Cicatiello, A. G., Di Girolamo, D. & Dentice, M. Metabolic effects of the intracellular regulation
of thyroid hormone: old players, new concepts. Front. Endocrinol. 9, 474 (2018).

Betz, M. J. & Enerback, S. Targeting thermogenesis in brown fat and muscle to treat
obesity and metabolic disease. Nat. Rev. Endocrinol. 14, 77-87 (2018).

A review discussing the potential role of targeting brown adipose tissue and
thermogenesis in order to treat obesity.

Spiegelman, B. et al. Hormones, Metabolism and the Benefits of Exercise (Springer, 2017).
Maushart, C. I. et al. Free thyroxine levels are associated with cold induced thermogenesis
in healthy euthyroid individuals. Front. Endocrinol. 12, 666595 (2021).

Yau, W. W. & Yen, P. M. Thermogenesis in adipose tissue activated by thyroid hormone.
Int. J. Mol. Sci. 21, 3020 (2020).

A discussion of the ways in which thyroid hormone can act on both brown and white
adipose tissue to induce thermogenesis.

Ruswandi, Y. A. R. et al. Understanding the roles of selenium on thyroid hormone-induced
thermogenesis in adipose tissue. Biol. Trace Elem. Res. 202, 2419-2441(2024).

Saito, M. et al. High incidence of metabolically active brown adipose tissue in healthy
adult humans: effects of cold exposure and adiposity. Diabetes 58, 1526-1531(2009).
Lee, P., Swarbrick, M. M. & Ho, K. K. Brown adipose tissue in adult humans: a metabolic
renaissance. Endocr. Rev. 34, 413-438 (2013).

Genchi, V. A. et al. Pharmacological modulation of adaptive thermogenesis: new clues
for obesity management? J. Endocrinol. Invest. 46, 2213-2236 (2023).

Cypess, A. M. et al. Emerging debates and resolutions in brown adipose tissue research.
Cell Metab. 37,12-33 (2025).

Obregon, M. J. Adipose tissues and thyroid hormones. Front. Physiol. 5, 479 (2014).

Shu, L. et al. A-FABP mediates adaptive thermogenesis by promoting intracellular
activation of thyroid hormones in brown adipocytes. Nat. Commun. 8, 14147 (2017).

de Jesus, L. A. et al. The type 2 iodothyronine deiodinase is essential for adaptive
thermogenesis in brown adipose tissue. J. Clin. Invest. 108, 1379-1385 (2001).

Ribeiro, M. O. et al. Expression of uncoupling protein 1in mouse brown adipose tissue is
thyroid hormone receptor-@ isoform specific and required for adaptive thermogenesis.
Endocrinology 151, 432-440 (2010).

Cioffi, F., Gentile, A., Silvestri, E., Goglia, F. & Lombardi, A. Effect of iodothyronines on
thermogenesis: focus on brown adipose tissue. Front. Endocrinol. 9, 254 (2018).

Zekri, Y., Flamant, F. & Gauthier, K. Central vs. peripheral action of thyroid hormone in
adaptive thermogenesis: a burning topic. Cells 10, 1327 (2021).

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

1.

92.

Ma, Y. et al. Adipocyte thyroid hormone (8 receptor-mediated hormone action fine-tunes
intracellular glucose and lipid metabolism and systemic homeostasis. Diabetes 72,
562-574 (2023).

Zhang, Z., Boelen, A., Bisschop, P. H., Kalsbeek, A. & Fliers, E. Hypothalamic effects

of thyroid hormone. Mol. Cell Endocrinol. 458, 143-148 (2017).

A review of the data in animals addressing the effects of T, administration into
hypothalamic nuclei and the consequences for metabolism and feeding behaviour.
Tran, L. T. et al. Hypothalamic control of energy expenditure and thermogenesis.

Exp. Mol. Med. 54, 358-369 (2022).

Liu, H., Xu, Y. & Hu, F. AMPK in the ventromedial nucleus of the hypothalamus:

a key regulator for thermogenesis. Front. Endocrinol. 11, 578830 (2020).

Zhang, Z., Boelen, A., Kalsbeek, A. & Fliers, E. TRH neurons and thyroid hormone
coordinate the hypothalamic response to cold. Eur. Thyroid. J. 7, 279-288 (2018).

Zhang, Z. et al. Administration of thyrotropin-releasing hormone in the hypothalamic
paraventricular nucleus of male rats mimics the metabolic cold defense response.
Neuroendocrinology 107, 267-279 (2018).

Amin, A., Dhillo, W. S. & Murphy, K. G. The central effects of thyroid hormones on appetite.
J. Thyroid. Res. 2011, 306510 (2011).

Yoo, E. S., Yu, J. & Sohn, J. W. Neuroendocrine control of appetite and metabolism.

Exp. Mol. Med. 53, 505-516 (2021).

Rojo, D. et al. A mammalian tripartite enhancer cluster controls hypothalamic Pomc
expression, food intake, and body weight. Proc. Natl Acad. Sci. USA 121, e2322692121
(2024).

Krashes, M. J., Lowell, B. B. & Garfield, A. S. Melanocortin-4 receptor-regulated energy
homeostasis. Nat. Neurosci. 19, 206-219 (2016).

Hameed, S. et al. Thyroid hormone receptor beta in the ventromedial hypothalamus is
essential for the physiological regulation of food intake and body weight. Cell Rep. 19,
2202-2209 (2017).

Kong, W. M. et al. Triiodothyronine stimulates food intake via the hypothalamic ventromedial
nucleus independent of changes in energy expenditure. Endocrinology 145, 5252-5258
(2004).

Coppola, A. et al. A central thermogenic-like mechanism in feeding regulation:

an interplay between arcuate nucleus T3 and UCP2. Cell Metab. 5, 21-33 (2007).

Varela, L. et al. Hypothalamic mTOR pathway mediates thyroid hormone-induced
hyperphagia in hyperthyroidism. J. Pathol. 227, 209-222 (2012).

Rubino, F. et al. Definition and diagnostic criteria of clinical obesity. Lancet Diabetes
Endocrinol. 13, 221-262 (2025).

Jordan, B., Uer, O., Buchholz, T., Spens, A. & Zierz, S. Physical fatigability and muscle pain
in patients with Hashimoto thyroiditis. J. Neurol. 268, 2441-2449 (2021).

Gallo, D. et al. Physical performance in newly diagnosed hypothyroidism: a pilot study.

J. Endocrinol. Invest. 40,1099-1106 (2017).

Safer, J. D. Thyroid hormone action on skin. Dermatoendocrinol 3, 211-215 (2011).
Gabrilove, J. L. & Ludwig, A. W. The histogenesis of myxedema. J. Clin. Endocrinol. Metab.
17, 925-932 (1957).

Biondi, B. Subclinical hypothyroidism in patients with obesity and metabolic syndrome:
a narrative review. Nutrients 16, 87 (2023).

The link between metabolic syndrome and subclinical hypothyroidism is explored

in this review, including discussion of the role of thyroid hormone treatment.

Svare, A., Nilsen, T. 1., Bjoro, T., Asvold, B. O. & Langhammer, A. Serum TSH related to
measures of body mass: longitudinal data from the HUNT study, Norway. Clin. Endocrinol.
74, 769-775 (20M).

Fox, C. S. et al. Relations of thyroid function to body weight: cross-sectional and
longitudinal observations in a community-based sample. Arch. Intern. Med. 168,
587-592 (2008).

Asvold, B. O., Bjoro, T. & Vatten, L. J. Association of serum TSH with high body mass
differs between smokers and never-smokers. J. Clin. Endocrinol. Metab. 94, 5023-5027
(2009).

Zulewski, H., Muller, B., Exer, P., Miserez, A. R. & Staub, J. J. Estimation of tissue
hypothyroidism by a new clinical score: evaluation of patients with various grades

of hypothyroidism and controls. J. Clin. Endocrinol. Metab. 82, 771-776 (1997).

A classic cross-sectional study of a clinical score and its performance in indicating
degrees of biochemical hypothyroidism.

Song, R. H. et al. The impact of obesity on thyroid autoimmunity and dysfunction:

a systematic review and meta-analysis. Front. Immunol. 10, 2349 (2019).

Jing, M. et al. Exploring the link between obesity and hypothyroidism in autoimmune
thyroid diseases: a metabolic perspective. Front. Mol. Biosci. 11, 1379124 (2024).

Zhao, M. et al. Palmitic acid downregulates thyroglobulin (Tg), sodium iodide symporter
(NIS), and thyroperoxidase (TPO) in human primary thyrocytes: a potential mechanism by
which lipotoxicity affects thyroid? Int. J. Endocrinol. 2018, 4215848 (2018).

Choi, S. et al. Comparison of therapeutic efficacy and clinical parameters between
recombinant human thyroid stimulating hormone and thyroid hormone withdrawal

in high-dose radioiodine treatment with differentiated thyroid cancer. Nucl. Med. Mol.
Imaging 49, 115-121 (2015).

Lin, B. et al. Randomized clinical trial: probiotics alleviated oral-gut microbiota dysbiosis
and thyroid hormone withdrawal-related complications in thyroid cancer patients before
radioiodine therapy following thyroidectomy. Front. Endocrinol. 13, 834674 (2022).
Sohn, S. Y. et al. Weight changes in patients with differentiated thyroid carcinoma during
postoperative long-term follow-up under thyroid stimulating hormone suppression.
Endocrinol. Metab. 30, 343-351(2015).

Nature Reviews Endocrinology


http://www.nature.com/nrendo

Review article

93.

94.

95.

96.

97.

98.

99.

100.

101

102.

103.

104.

105.

106.

107.

108.

100.

110.

m.

12.

13.

14.

15.

116.

n7.

8.

9.

120.

Portmann, L. & Giusti, V. Obesity and hypothyroidism: myth or reality? [French]. Rev. Med.
Suisse 3, 859-862 (2007).

Karmisholt, J., Andersen, S. & Laurberg, P. Weight loss after therapy of hypothyroidism

is mainly caused by excretion of excess body water associated with myxoedema. J. Clin.
Endocrinol. Metab. 96, E99-E103 (2011).

A seminal prospective study showing that weight loss with treatment of hypothyroidism
is largely due to loss of body water rather than fat mass.

Rios-Prego, M., Anibarro, L. & Sanchez-Sobrino, P. Relationship between thyroid
dysfunction and body weight: a not so evident paradigm. Int. J. Gen. Med. 12, 299-304
(2019).

Roos, A., Linn-Rasker, S. P., van Domburg, R. T., Tijssen, J. P. & Berghout, A. The starting
dose of levothyroxine in primary hypothyroidism treatment: a prospective, randomized,
double-blind trial. Arch. Intern. Med. 165, 1714-1720 (2005).

Maushart, C. I., Loeliger, R., Gashi, G., Christ-Crain, M. & Betz, M. J. Resolution of
hypothyroidism restores cold-induced thermogenesis in humans. Thyroid 29, 493-501
(2019).

Pears, J., Jung, R. T. & Gunn, A. Long-term weight changes in treated hyperthyroid and
hypothyroid patients. Scott. Med. J. 35, 180-182 (1990).

Kong, W. M. et al. A 6-month randomized trial of thyroxine treatment in women with mild
subclinical hypothyroidism. Am. J. Med. 112, 348-354 (2002).

Lankhaar, J. A. C. et al. Physical activity, sports participation and exercise-related
constraints in adult women with primary hypothyroidism treated with thyroid hormone
replacement therapy. J. Sports Sci. 39, 2493-2502 (2021).

Wells, J. C. K. Natural selection and human adiposity: crafty genotype, thrifty phenotype.
Philos. Trans. R. Soc. Lond. B Biol. Sci. 378, 20220224 (2023).

Speakman, J. R. The evolution of body fatness: trading off disease and predation risk.

J. Exp. Biol. 221, jeb167254 (2018).

Kozacz, A., Assis, G. G., Sanocka, U. & Ziemba, A. W. Standard hypothyroid treatment did
not restore proper metabolic response to carbohydrate. Endocrine 71, 96-103 (2021).

In this study, levothyroxine treatment for hypothyroidism did not restore the normal
metabolic reaction to carbohydrate observed in control individuals.

Samuels, M. H. et al. Effects of levothyroxine replacement or suppressive therapy on
energy expenditure and body composition. Thyroid 26, 347-355 (2016).

Samuels, M. H., Kolobova, I., Niederhausen, M., Purnell, J. Q. & Schuff, K. G. Effects

of altering levothyroxine dose on energy expenditure and body composition in subjects
treated with LT4. J. Clin. Endocrinol. Metab. 103, 4163-4175 (2018).

In patients being treated with levothyroxine for hypothyroidism, altering their doses
to vary thyroid-stimulating hormone levels did not have major effects on energy
expenditure or body composition.

Jonklaas, J. et al. Evidence-based use of levothyroxine/liothyronine combinations

in treating hypothyroidism: a consensus document. Thyroid 31, 156-182 (2021).
Appelhof, B. C. et al. Combined therapy with levothyroxine and liothyronine in two ratios,
compared with levothyroxine monotherapy in primary hypothyroidism: a double-blind,
randomized, controlled clinical trial. J. Clin. Endocrinol. Metab. 90, 2666-2674 (2005).
Hoang, T. D., Olsen, C. H., Mai, V. Q., Clyde, P. W. & Shakir, M. K. Desiccated thyroid
extract compared with levothyroxine in the treatment of hypothyroidism: a randomized,
double-blind, crossover study. J. Clin. Endocrinol. Metab. 98, 1982-1990 (2013).

Shakir, M. K. M. et al. Comparative effectiveness of levothyroxine, desiccated thyroid
extract, and levothyroxine+Liothyronine in hypothyroidism. J. Clin. Endocrinol. Metab.
106, e4400-e4413 (2021).

Phan, G. Q. et al. A feasibility double-blind trial of levothyroxine vs. levothyroxine-liothyronine
in postsurgical hypothyroidism. Front. Endocrinol. 16, 1522753 (2025).

Celi, F. S. et al. Metabolic effects of liothyronine therapy in hypothyroidism: a randomized,
double-blind, crossover trial of liothyronine versus levothyroxine. J. Clin. Endocrinol. Metab.
96, 3466-3474 (201).

Celi, F. S. et al. The pharmacodynamic equivalence of levothyroxine and liothyronine:
arandomized, double blind, cross-over study in thyroidectomized patients. Clin. Endocrinol.
72,709-715 (2010).

Wiersinga, W. M., Poppe, K. G. & Effraimidis, G. Hyperthyroidism: aetiology, pathogenesis,
diagnosis, management, complications, and prognosis. Lancet Diabetes Endocrinol. 11,
282-298 (2023).

Guia Lopes, M. L. et al. Exploring post-treatment weight changes in overweight

and obese patients with Graves' disease: a retrospective analysis. Cureus 16, €59408
(2024).

Karmisholt, J., Carlé, A. & Andersen, S. Body weight changes in hyperthyroidism: timing
and possible explanations during a one year repeated measurement study. Eur. Thyroid. J.
10, 208-214 (2021).

Klieverik, L. P. et al. Energy homeostasis and body weight before and after cessation of
block and replacement therapy in euthyroid patients with Graves' disease. Int. J. Endocrinol.
2011, 715370 (2011).

Lonn, L. et al. Body weight and body composition changes after treatment of
hyperthyroidism. J. Clin. Endocrinol. Metab. 83, 4269-4273 (1998).

Cugini, P. et al. Hunger sensation in Graves' disease before and after pharmacological
therapy. Clin. Ter. 150, 115-119 (1999).

Rojdmark, S., Calissendorff, J., Danielsson, O. & Brismar, K. Hunger-satiety signals in
patients with Graves’ thyrotoxicosis before, during, and after long-term pharmacological
treatment. Endocrine 27, 55-61(2005).

Kyriacou, A., Kyriacou, A., Makris, K. C., Syed, A. A. & Perros, P. Weight gain following
treatment of hyperthyroidism — a forgotten tale. Clin. Obes. 9, 12328 (2019).

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

130.
140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Pijl, H. et al. Food choice in hyperthyroidism: potential influence of the autonomic
nervous system and brain serotonin precursor availability. J. Clin. Endocrinol. Metab.

86, 5848-5853 (2001).

Brunova, J., Bruna, J., Joubert, G. & Koning, M. Weight gain in patients after therapy for
hyperthyroidism. S. Afr. Med. J. 93, 529-531(2003).

Dale, J., Daykin, J., Holder, R., Sheppard, M. C. & Franklyn, J. A. Weight gain following
treatment of hyperthyroidism. Clin. Endocrinol. 55, 233-239 (2001).

Torlinska, B., Nichols, L., Mohammed, M. A., McCabe, C. & Boelaert, K. Patients treated
for hyperthyroidism are at increased risk of becoming obese: findings from a large
prospective secondary care cohort. Thyroid 29, 1380-1389 (2019).

In this prospective study, treatment with radioactive iodine for hyperthyroidism was
associated with greater weight gain than treatment with antithyroidal medications.
Chen, M., Lash, M., Nebesio, T. & Eugster, E. Change in BMI after radioactive iodine
ablation for Graves disease. Int. J. Pediatr. Endocrinol. 2017, 5 (2017).

Russo, L. et al. Metabolic changes after radioiodine correction of grade 1and grade 2
subclinical hyperthyroidism. Eur. Thyroid. J. 10, 382-389 (2021).

Tigas, S., Idiculla, J., Beckett, G. & Toft, A. Is excessive weight gain after ablative treatment
of hyperthyroidism due to inadequate thyroid hormone therapy? Thyroid 10, 1107-1111
(2000).

de laRosa, R. E., Hennessey, J. V. & Tucci, J. R. A longitudinal study of changes in body
mass index and total body composition after radioiodine treatment for thyrotoxicosis.
Thyroid 7, 401-405 (1997).

Li, M. et al. Visceral fat area and subcutaneous fat area increase in hyperthyroidism
patients after treatment — a single-group repeated-measures trial. Diabetes Metab.
Syndr. Obes. 17, 2165-2176 (2024).

Patil, A. et al. Mediators of energy homeostasis in hyperthyroidism. Arch. Endocrinol.
Metab. 66, 808-814 (2022).

Riis, A. L., Hansen, T. K., Moller, N., Weeke, J. & Jorgensen, J. O. Hyperthyroidism is
associated with suppressed circulating ghrelin levels. J. Clin. Endocrinol. Metab. 88,
853-857 (2003).

Chng, C. L. et al. Physiological and metabolic changes during the transition from
hyperthyroidism to euthyroidism in Graves’ disease. Thyroid 26, 1422-1430 (2016).
There was a significant increase in body weight and fat mass in this study following
restoration of euthyroidism in individuals with hyperthyroidism.

Hayashi, A. et al. Short-term change in resting energy expenditure and body compositions
in therapeutic process for Graves’ disease. Intern. Med. 59, 1827-1833 (2020).

In this study, body weight increased after treatment of Graves disease, while resting
energy expenditure significantly decreased.

Fukuda, T. et al. Alterations in body weight and composition in patients with Graves’
disease treated with total thyroidectomy. Cureus 16, 63338 (2024).

Maushart, C. I. et al. Resting energy expenditure and cold-induced thermogenesis in
patients with overt hyperthyroidism. J. Clin. Endocrinol. Metab. 107, 450-461(2022).
Kaptein, E. M., Beale, E. & Chan, L. S. Thyroid hormone therapy for obesity and nonthyroidal
illnesses: a systematic review. J. Clin. Endocrinol. Metab. 94, 3663-3675 (2009).

Galofré, J. C. et al. Treatment of obesity with thyroid hormones in Europe. Data from the
THESIS* collaboration. J. Endocrinol. Invest. 48, 201-212 (2024).

Of physicians responding to a survey, 5% stated that thyroid hormone might be indicated
as atreatment for obesity in euthyroid patients resistant to lifestyle interventions.

Irwig, M. S. et al. Off-label use and misuse of testosterone, growth hormone, thyroid
hormone, and adrenal supplements: risks and costs of a growing problem. Endocr. Pract.
26, 340-353 (2020).

Zucchi, R. Thyroid hormone analogues: an update. Thyroid 30, 1099-1105 (2020).
Saponaro, F., Sestito, S., Runfola, M., Rapposelli, S. & Chiellini, G. Selective thyroid
hormone receptor-beta (TRB) agonists: new perspectives for the treatment of metabolic
and neurodegenerative disorders. Front. Med. 7, 331(2020).

Ladenson, P. W. et al. Effects of the thyromimetic agent diiodothyropropionic acid on
body weight, body mass index, and serum lipoproteins: a pilot prospective, randomized,
controlled study. J. Clin. Endocrinol. Metab. 95, 1349-1354 (2010).

Goldman, S. et al. DITPA (3,5-diiodothyropropionic acid), a thyroid hormone analog

to treat heart failure: phase Il trial Veterans Affairs Cooperative Study. Circulation 119,
3093-3100 (2009).

Ladenson, P. W. et al. Use of the thyroid hormone analogue eprotirome in statin-treated
dyslipidemia. N. Engl. J. Med. 362, 906-916 (2010).

Sjouke, B. et al. Eprotirome in patients with familial hypercholesterolaemia (the AKKA
trial): a randomised, double-blind, placebo-controlled phase 3 study. Lancet Diabetes
Endocrinol. 2, 455-463 (2014).

European Association for the Study of the Liver (EASL); European Association for

the Study of Diabetes (EASD); European Association for the Study of Obesity (EASO)
EASL-EASD-EASO clinical practice guidelines on the management of metabolic
dysfunction-associated steatotic liver disease (MASLD). Obes. Facts 17, 374-444 (2024).
Mullur, R., Liu, Y. Y. & Brent, G. A. Thyroid hormone regulation of metabolism. Physiol. Rev.
94, 355-382 (2014).

Harrison, S. A. et al. A phase 3, randomized, controlled trial of resmetirom in NASH with
liver fibrosis. N. Engl. J. Med. 390, 497-509 (2024).

Boulos, M. et al. Hidden in the fat: unpacking the metabolic tango between metabolic
dysfunction-associated steatotic liver disease and metabolic syndrome. Int. J. Mol. Sci.
26, 3448 (2025).

Saatmann, N. et al. Association of thyroid function with non-alcoholic fatty liver disease
in recent-onset diabetes. Liver Int. 44, 27-38 (2024).

Nature Reviews Endocrinology


http://www.nature.com/nrendo

Review article

150. Huttasch, M., Roden, M. & Kahl, S. Obesity and MASLD: is weight loss the (only) key to
treat metabolic liver disease? Metabolism 157, 155937 (2024).

151. Takawy, M. W. & Abdelmalek, M. F. Impact of weight loss on metabolic dysfunction
associated steatohepatitis and hepatic fibrosis. Curr. Diab Rep. 25, 23 (2025).

152. Duntas, L. et al. Thyroid disorders, noncommunicable diseases that gravely impact
public health: a commentary and statement by the Advisory Board of the World Thyroid
Federation. Thyroid 22, 566-567 (2012).

Acknowledgements
Jacqueline Jonklaas is supported by National Institutes of Health Grants 4UH3DE031248 and
5UL1TRO01409.

Competing interests
The author declares no competing interests.

Additional information
Peer review information Nature Reviews Endocrinology thanks Weiping Teng and the other,
anonymous, reviewer(s) for their contribution to the peer review of this work.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this
article under a publishing agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article is solely governed by the
terms of such publishing agreement and applicable law.

© Springer Nature Limited 2025

Nature Reviews Endocrinology


http://www.nature.com/nrendo

	The complexity of the relationship between thyroid disease and body weight

	Introduction

	Box 1 | Description of literature search


	Alterations in thyroid function associated with alterations in weight

	Weight changes despite a euthyroid state

	Weight changes with age

	Weight changes with menopause

	Weight changes in native versus levothyroxine-treated euthyroidism

	Box 2 | The effect of thyroidectomy on body weight as shown in two meta-analyses


	The mechanisms by which thyroid hormones contribute to weight regulation

	Peripheral mechanisms

	Central mechanisms via thermogenesis

	Central mechanisms via appetite regulation


	Weight gain accompanying hypothyroidism

	Newly diagnosed subclinical hypothyroidism

	Newly diagnosed overt hypothyroidism

	Rapid-onset overt hypothyroidism


	Weight changes with treatment of hypothyroidism

	Weight loss accompanying hyperthyroidism

	Appetite changes with hyperthyroidism


	Weight changes with treatment of hyperthyroidism

	Weight changes with specific therapies for hyperthyroidism

	Anthropometric and metabolic changes with therapy for hyperthyroidism


	Thyroid hormone as a weight loss drug

	Conclusions

	Acknowledgements

	Fig. 1 Non-hormonal factors affecting body weight.
	Fig. 2 Mechanisms through which thyroid hormone controls body weight.
	Fig. 3 The influence of thyroid hormone on adipose tissue metabolism, regulation of muscle mass and regulation of appetite.
	Fig. 4 Hyperthyroidism treatment: factors causing weight gain following treatment.
	Table 1 Weight changes with development of hypothyroidism and hyperthyroidism and their treatments.




