




• Figure 1

Mean body weight after treatment of hypothyroidism in 18 patients. Reprinted with permission
from HoogwerfBJ, Nuttall FQ: Long-term weight regulation in treated hyperthyroid and
hypothyroid subjects. Am J Med 1984;76:963-970.

body lipogenesis. 14,15 In younger,
actively growing rats, hyperthyroid­
ism led to a 2- to 3-fold increase in
lipogenesis; in older rats treated with
the same dose of thyroid hormone,
the increase in total body lipogene­
sis was only 50%. Nevertheless, it
is clear that hyperthyroidism both
increases the level of hepatic lipo­
genic enzyme and hepatic fatty acid
synthesis, and also increases total
body fatty acid synthesis.

It is interesting to examine the
relative contribution of different
tissues to total body lipogenesis
(Table). Blennemann et al found
that in hypothyroidism the liver
contributed only 5% of the total
body fatty acid synthesis, whereas
the bone and muscle were the major
contributors (34%).15 In contrast, in
hyperthyroidism the liver became
the major contributor to lipogenesis,
accounting for 47% oftotal body lip­
ogenesis, a 10-fold relative increase.
Thus, the liver has a great capacity
to adjust the rate oflipogenesis with
respect to the animal's thyroid
status. Adipose tissue, however,
contributes much less to the over­
all rate oflipogenesis. In hypothy­
roid animals, white adipose tissue
accounts for 7% of lipogenesis; in
hyperthyroid rats, it accounts for
4% of lipogenesis.

The effects of thyroid hormone on
brown adipose tissue, by contrast,
are quite striking. In hypothyroid
animals, the rate of lipogenesis in
this tissue rises 3- to 4-fold above
normal levels, and in hyperthyroid
animals lipogenesis falls below
normal levels. The contrasting effect
of thyroid state on lipogenesis

Thyroid State and
Uncou.pling Protein

not be increased because of in vivo
modulation of enzyme activity or
insufficient substrate to make fatty
acids. However, a study by Freake
and Oppenheimer showed that the
in vivo rate of hepatic fatty acid
synthesis was also decreased in
hypothyroidism and increased in
hyperthyroidism. 11

The effect of thyroid status on
white adipose tissue fatty acid
synthesis is controversial. Thyroid
hormone induces changes in this
tissue that are of much lower magni­
tude than in the liver. Indeed, some
studies show that both hypo- and
hyperthyroidism may lead to a
decrease in white adipose tissue
lipogenesis. 12

,13 However, when
hyperthyroid adipocytes are
studied in culture, the cells display
an enhanced rate of lipogenesis.
Thus, the contribution of white
adipose tissue to changes in overall
lipogenesis induced by thyroid
hormone is probably minimal, as
is discussed subsequently.

Few studies have measured the
role of thyroid hormone in total
body lipogenesis. In two separate
studies, hyperthyroidism had the
effect of increasing the rate of total

200

Ul
"0
C
:::l
0
-9:
E
OJ
'w
S

150
0 12 24 36

Months after Treatment Started

oflong-chain fatty acids.s Further,
my colleagues and I have shown
that thyroid hormone also stimu­
lates the activity and mass of these
enzymes.9

,lO Since both thyroid
hormone and carbohydrate feeding
stimulate these enzymes, we studied
the interaction of these two stimuli
on the regulation of lipogenic
enzymes. We found that these two
stimuli interacted synergistically
to induce these enzymes in rat liver.9

For example, in the absence of
thyroid hormone, feeding a high­
carbohydrate diet does little to
stimulate enzyme formation, and
in a fasted animal the thyroid
hormone response of these enzymes
is blunted. The inference from this
observation is that, in the presence
of sufficient substrate, thyroid
hormone is a potent inducer of
hepatic lipogenic enzymes.

It is important to know that
thyroid hormone stimulates the
synthesis of these enzymes; it is also
important to demonstrate that the
in vivo activity of these enzymes is
also increased. Despite an in vitro
increase in the measured activity
of these enzymes, it is possible that
the in vivo rate of lipogenesis may
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Thyroid Hormone and
Lipolysis

It is now clear that hyperthyroid­
ism is associated with weight loss
despite the fact that hyperthyroid­
ism enhances the rate oflipid syn­
thesis. Therefore, it is plausible to
assume that hyperthyroidism should
also stimulate lipolysis to provide
the necessary substrate for enhanced

found not only in brown fat but also
in many other tissues including
white fat and muscle. Therefore,
they can potentially playa large
role in regulation of basal metabo­
lism and thermogenesis even when
there is insignificant brown adipose
tissue present, as in the adult hu­
man. Recent studies have shown
that both UCP2 and UCP3 are
regulated by thyroid hormone. In
hyperthyroid rats, UCP2 gene
expression was upregulated in both
white adipose tissue and muscle
tissue approximately 1.6-fold.17

Even more interesting is the
regulation ofUCP3. Upregulation
of this protein in skeletal muscle by
thyroid hormone, but not by cold
exposure,18 suggests that thyroid
hormone may regulate this protein
independently of the sympathetic
nervous system. Furthermore, the
relative expression of UCP3 in
muscle tissue is strongly influenced
by the thyroid state, such that hypo­
thyroid animals had one third of
the normal muscle UCP3 expression
and hyperthyroid animals had 6-fold
more UCP3 muscle expression.19

Because UCP3 appears to be con­
trolled by other hormonal and meta­
bolic factors differentially in other
tissues, the exact role this protein
plays in thyroidal regulation of
thermogenesis remains unknown.
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Newly identified proteins.
Recently, several new members of
the UCP family have been identified:
UCP2 and UCP3 are very closely
related to UCP in that they also
disrupt the mitochondrial proton
gradient. These proteins are of con­
siderable interest because they are

animals are housed at room temp­
erature (approximately 21°C). Cold
stress increases sympathetic nerve
activity to the brown adipose tissue
that stimulates both lipogenesis and
the formation of uncoupling protein.
When uncoupling protein is in­
creased, the animal can use fatty
acids to generate the heat required
to maintain body temperature. Over­
eating also stimulates uncoupling
protein in brown adipose tissue. 16

This effect allows the animal to dis­
sipate the excess calories and mini­
mizes the weight gain associated
with overfeeding. However, whether
UCP and brown adipose tissue play
a significant role in weight mainte­
nance in humans is not clear.
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Effect of Thyroid Lipid State on I..ipogenesis in
Several Tissues in tbe Rat
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between brown adipose tissue and
that in the liver (or white adipose
tissue) likely reflects the unique
role of brown adipose tissue in
thermogenesis.

Brown adipose tissue is so
named because the high mitochon­
drial content of this tissue imparts
a brown appearance. These mito­
chondria contain uncoupling protein
(UCP), which causes dissociation
between mitochondrial oxidation
and adenosine triphosphate (ATP)
formation. ATP formation in the
mitochondrion is driven by the pro­
ton gradient generated from oxida­
tion of substrate. The UCP disrupts
the normal proton gradient created
by allowing protons to "leak." As a
consequence, a large fraction of mito­
chondrial oxidation results in heat
production rather than ATP forma­
tion. Therefore, enhanced mitochon­
drial activity in this tissue allows
the animal to maintain body temp­
erature under cold stress.

Induction of hypothyroidism
appears to be a cold stress when
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Effect ofTs treatment on total body lipid. Weight loss began after 24 hours and stabilized
after 6 days oftreatment. The arrows indicate the daily dose ofthyroid hormone used in
each group. Reprinted with permission from Oppenheimer JH, Schwartz HL, Lane JT,
Thompson MP: Functional relationship ofthyroid hormone-induced lipogenesis, lipolysis,
and thermogenesis in the rat. J Clin Invest 1991;87:125-132.
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Thyroid Hormone and
Leptin

No consideration ofthe relation­
ship between thyroid hormone and
obesity is complete without discus­
sion ofleptin. Leptin is a small-mol­
ecular-weight serum protein that
was recently found to be deficient in
the Ob mouse and to be the cause
of the marked obesity and overeating
behavior of the Ob mouse.25 This
protein is made by adipocytes and
secreted into the plasma. Its synthe­
sis and secretion are physiologically
regulated by the content of adipocyte
lipid. During fasting, adipocyte lipid
content falls with a consequent fall
in leptin secretion. When adipocyte
lipid concentrations are restored,

mitted stabilization of body fat loss
when food intake was increased.
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• Figtlre 2

ergic receptors on the adipocytes.24

Stimulation of these cells with either
forskolin or cyclic AMP, agents that
stimulate lipolysis at a postreceptor
site, also led to greater response in
hyperthyroid adipocytes. Thus, both
receptor and postreceptor mechan­
isms are involved in the enhanced
lipolysis associated with hyper­
thyroidism.

Assessment ofthe effect of hyper­
thyroidism on total body lipids in the
rat revealed that both moderate and
severe hyperthyroidism led to a
rapid loss oftotal body fat (Figure 2).

The body fat decreased at the same
time that total body oxygen con­
sumption increased.14 However, the
loss of body fat stabilized after sev­
eral days of hyperthyroidism, when
food intake began to increase. Thus,
the enhanced rate of lipolysis led to
significant loss of body fat, and the
increase in lipogenic enzymes per-

thermogenesis. Nevertheless, the
effect ofthyroid status on adipocyte
lipolysis is controversial, in part
because multiple hormones other
than thyroid hormone playa major
role in regulation of adipocyte lipo­
lytic rates.

However, recent studies provide
significant insight into the role of
thyroid hormone in the lipolytic state
of adipose tissue. Ben Cheikh and
colleagues2o used rat adipocytes to
show that in the fed state hypothy­
roidism led to a significant decrease
in the rate oflipolysis; this confirmed
earlier studies.21 The decreased rate
oflipolysis appears to be due to a
decreased sensitivity to catechol­
amine stimulation. This observation
was strengthened by the demonstra­
tion that hypothyroidism markedly
inhibited the normal rise in fasting­
induced lipolysis. The decreased rate
oflipolysis in hypothyroid adipocytes
also appears to be due to enhanced
sensitivity of these adipocytes to
insulin. Insulin is a potent inhibitor
of adipocyte lipolysis. Human adipo­
cytes obtained from hypothyroid
patients show both an increased
number of insulin receptors and a
greater effect of insulin inhibition
of basal lipolysis in vitro.22

In contrast to the decreased rate
of lipolysis in hypothyroidism,
several recent studies confirm the
expected increased rate of lipolysis
in hyperthyroidism. Wahrenberg et
al studied adipocytes from 10 hyper­
thyroid patients and 16 control
patients.23 They found that the basal
level oflipolysis from these cells was
the same, but the rate of lipolysis
induced by adrenergic agonists was
markedly enhanced in hyperthyroid
adipocytes. Subsequent findings
showed that the changes in hyper­
thyroidism are due to a 3-fold
increase in the number of 132-adren-
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the synthesis and secretion of leptin
are restored.

The concentration of circulating
leptin is assessed by specific leptin
receptors in the hypothalamus.
When leptin concentrations are
high, the receptor is activated to
send a signal that inhibits feeding
behavior. Ifthe leptin receptor is
defective (as identified in the Db
mouse) such that the signal cannot
be transmitted, overeating and
obesity ensue. Thus, leptin acts in
a classic endocrine negative-feedback
loop to regulate eating behavior and
body fat content.

The role of thyroid hormone in
regulating leptin secretion remains
controversial. Yoshida and colleagues
reported that leptin secretion is
regulated in a cultured adipocyte
cell line.26 High concentrations of
thyroid hormone stimulated leptin
synthesis and secretion from these
cells. In contrast, Escobar-Morreale
et al found that hyperthyroidism in
the rat is associated with a decrease
in serum leptin; this association was
greater than could be anticipated
on the basis of changes in body
weight. 27

Whether or not thyroid hormone
regulates leptin secretion, it appears
that leptin can regulate thyroid
hormone secretion. The fasting­
induced fall in leptin is associated
with a fall in free T3 and free T4 in
rodents. Interestingly, the fall in
thyroid hormone concentration can
be prevented by the administration
of leptin to the fasting animal.28

Therefore, at least part ofthe leptin's
ability to regulate body size appears
to be mediated by its ability to regu­
late thyroid hormone secretion.
These studies, which document the
interplay between thyroid hormone
and leptin, raise the possibility
that changes in leptin may playa

6

role in the weight loss associated
with hyperthyroidism.

Relatively few studies published
to date examine the effect of thyroid
status on serum leptin in humans.29

-
32

Despite the anticipation that
changes in thyroid status would be
associated with changes in serum
leptin levels, no significant changes
were found. Treatment of normal
persons for 1 week with T3 led to
hyperthyroid metabolic indices but
no change in serum leptin levels. 3D

Moreover, in a study of 40 hyperthy­
roid and 74 hypothyroid patients,
no significant alteration in serum
leptin concentrations was found
when corrected for body mass
index.29 Therefore, the individual
roles of leptin and thyroid hormone
in human energy expenditure and
body weight regulation are not yet
fully understood.

Use of Thyroid Hormone
in the Treatment of

Obesity

Consideration of the metabolic
effects of thyroid hormones inevi­
tably leads to a topic that is both old
and controversial: Is there a role for
thyroid hormone in the treatment of
obesity? Thyroid hormone was used
to treat obesity more than 100 years
ago. However, it was soon recognized
that large doses could lead to excess
and undesirable protein loss and to
potentially adverse cardiovascular
effects. Such treatment was there­
fore discouraged. Nevertheless,
recent observations on thyroid hor­
mone metabolism suggest that it
may be worthwhile to reevaluate
the use of thyroid hormone in the
treatment of obesity.

Caloric deprivation leads to a fall
in plasma T3 and free T3 without a

major change in free T4 concentra­
tion.3 Because T3 is important for
optimal lipolysis and thermogenesis,
as discussed, it is possible that the
fall in T3 induced by caloric depri­
vation leads to less than optimal
adipose tissue loss during calorie
restriction. However, it can also be
argued that the fall in T3 is impor­
tant for protection against excess
protein loss occurring with caloric
deprivation.

To test the possibility that addi­
tion ofT3 might enhance the effect
of calorie restriction, Moore and
colleagues added 60 p.g/day ofT3
or placebo to a 320-kcal diet in 15
patients. 33 The T3-treated patients
lost significantly more weight than
the placebo-treated patients after
12 weeks. The patients on placebo
showed a plateau in weight loss,
whereas those on T3 did not. The
study continued for an additional
2 months with 4 patients from each
group (Figure 3). Those receiving
T3 continued to lose weight without
reaching a plateau. Once placebo­
treated patients were given T3,

they lost weight without reaching
a plateau. Unfortunately, protein
loss was not measured in this
study.

In a subsequent study, patients
were treated for 28 days with a
200-kcal diet. 34 Half the subjects
were given 150 p.g of T3 during the
last 14 days. Those who were not
given T3 were in nitrogen balance
during the last week of treatment.
Those given T3 had greater weight
loss than the control group, but also
continued to lose nitrogen during
the entire 28 days. The authors
concluded: "there appears to be
no place for T3 as an adjunct to
dieting." However, this study can
be criticized for the high dose of T3

that was used.



• Figure 3 Summary

Cumulative weight loss in patients on a very-low-calorie diet. Four patients in each group
were given either placebo or T3 (60 ).lg/dayl from the outset. The arrow indicates the point at
which patients receiving placebo were given T3, after 12 weeks on the diet. Reprinted with
permission from Moore R, Howard AN, Grant AM, Mills IH: Treatment of obesity with
triiodothyronine and a very-low-calorie liquid formula diet. Lancet 1980;i:223-226.
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Rozen et al studied 20 patients
on a 315-kcal diet for 18 days.35 Half
the patients received 40].lg ofT3
daily. The T3-supplemented patients
had a greater weight loss than the
control group. The greater weight
loss was associated with mainten­
ance of basal oxygen consumption;
the control group showed the
expected decrease in oxygen con­
sumption. Further, nitrogen loss
was not greater in the T3-treated
patients than in the control group.
However, even this dose ofT3 was
associated with a slight increase in
plasma T3 concentration (7.84 nmol
at day 14 vs 6.6 nmol at baseline)
and a significant decrease in TSH
(2.2 ].lmol at day 14 vs 5.3 ].lmol at
baseline). Nevertheless, these values
remained within the "normal
range."

Most recently, Byerley and
Heber measured protein turnover
during 10 days offasting, with T3
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given during the final 3 days (5 ].lg
every 4 hours) to maintain plasma
T3 levels at the pre-fasting base­
line. 36 They hypothesized that the
fall in T3 during fasting would
protect from excess nitrogen loss,
and that supplementation with T3

should increase the nitrogen loss.
However, the nitrogen loss during
T3 supplementation was less than
that before supplementation. Thus,
the authors concluded that the fall
in T3 does not mediate the observed
decrease in protein breakdown
during fasting.

While these studies do not prove
that supplementation of hypocaloric
diets with physiologic amounts of
T3 is safe, they raise the possibility
that T3 supplementation may be safe
and effective in promoting greater
fat loss in the treatment of obesity
with calorie restriction. Certainly,
further studies are warranted to
investigate this possibility.

Hypothyroidism is often thought
to lead to obesity, yet the reports to
date indicate that there is little to
no increase in fat deposition asso­
ciated with hypothyroidism. In
contrast, studies of humans and
animals show that hyperthyroidism
is associated with a decrease in
weight characterized by a decrease
in adipose tissue. While thyroid
hormone can stimulate overall
lipogenesis, the major effect of
hyperthyroidism is to enhance
lipolysis. This latter effect is
mediated, in part, by an increase
in fat cell sensitivity to catechol
stimulation. Recent studies have
suggested that an increase in
muscle-tissue uncoupling protein
may be responsible for the enhanced
rate of oxygen consumption asso­
ciated with hyperthyroidism.

Based on these physiologic obser­
vations in both human beings and
rodents, several investigators have
found that supplementation of hypo­
caloric diets with physiologic levels
of T3 provides a potentially safe and
effective means of aiding weight loss
in obese individuals. Before hor­
monal treatment can be generally
recommended, however, additional
carefully monitored studies are
needed to (1) confirm and extend
the preliminary findings published
to date, (2) establish the appropriate
dose of hormone, and (3) make
certain that such treatment does
not have any adverse effects.
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