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Objective: Individuals with hyperthyroidism lose weight despite increased appetite and food intake, and
weight is regained after treatment of hyperthyroidism. We asked whether this weight regain is purely a function
of lowered metabolic rate coincident with lowered thyroid hormone concentrations or if the weight gain is related
to food-energy overconsumption.

Methods: Ten unselected patients with hyperthyroidism treated with131I were studied. The following
measurements were made at 0, 1, 2, 3, 6, and 12 months: total food energy, carbohydrate, fat and protein
consumption; serum thyroxine (T4); serum triiodothyronine (T3); T3 resin uptake; serum thyroid stimulating
hormone (TSH); weight; height; and 24-hour urinary urea excretion.

Results: Inverse changes in body weight and food energy consumption/kg throughout the period of
observation was a striking finding (mean initial weight 67.16 5 kg, final weight 76.4 kg6 3 kg, premorbid
weight 77.16 5 kg). The initial and final food energy intake was 30056 199 and 25976 137 Kcal/24 hrs,
respectively. The thyroid hormone concentrations declined inversely relative to weight gain during the first
months of the study, but later the thyroid hormones increased while weight gain continued. Initial serum T4

15.06 1 value at three months was 4.06 1.0 mg/dl, final T4 11.06 1.
Conclusion: We conclude that weight gain following treatment of hyperthyroidism is due to 1) reduction in

metabolic rate consequent upon the decreased thyroid hormone concentrations and 2) food energy intake which
was initially greater than required to maintain individuals’ premorbid weight. As body weight increased, food
intake declined and both reached an asymptotic limit.

INTRODUCTION

It is well known that hyperthyroid individuals lose weight
despite increased appetite and food intake and that weight is
regained with treatment. In a previous study [1], we demon-
strated that the weight loss associated with hyperthyroidism is
about 15% of the premorbid baseline weight before treatment is
instituted and this was independent of the individual’s actual
premorbid weight. In that study weight gain after treatment of
hyperthyroidism occurred primarily within the first three
months, and by twelve months the individual’s body weight
had approached the premorbid weight where it then stabilized.
In our previous study, we demonstrated an asymptotic approach

to the premorbid mean weight over time, but did not measure
food intake.

In the present study, we prospectively examined the total
daily food energy intake and relative contributions of dietary
carbohydrates, fats and proteins ingested by hyperthyroid pa-
tients at the time of initial evaluation and at frequent intervals
during the first year after treatment. We then analyzed the
patterns of weight gain, food energy and thyroid status. We
were particularly interested in whether rapid connection of the
hyperthyroidism would result in an increase in food energy
intake when the hyperthyroidism was treated, but before body
weight had been normalized. To our knowledge the degree of
fuel over-consumption in thyrotoxicosis has not been well
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documented in the literature, nor has the food-energy response
to treatment of the thyrotoxicosis.

MATERIALS AND METHODS

Subjects

Ten unselected subjects with hyperthyroidism were studied.
All were diagnosed, treated and followed at the Veterans Ad-
ministration Medical Center, Minneapolis, MN. Their mean
age was 596 3.8 years (mean6 standard error), range 39 to
71 years. All but one were men. Mean pretreatment weight was
67.16 5.0 kilograms, range 44.5 to 92.1. Diagnosis of hyper-
thyroidism was based on clinical findings and thyroxine (T4)
values of greater than 12.5mg/dL, triiodothyronine (T3) values
greater than 202 ng/dL and thyroid stimulating hormone (TSH)
values of less than 0.2mIU/mL. All subjects signed an in-
formed consent and the study was approved by the Medical
Center Committee on Human Subjects. The subjects studied
were entirely different from those reported previously.

METHODS

Subjects were studied immediately prior to treatment and at
the end of months one, two, three, six, and twelve post-treat-
ment. Each time the subjects were admitted to a clinical re-
search center (Special Diagnostic and Treatment Unit) for three
days. They were given an unrestricted diet of their own choice.
The total food energy intake for each day and the amounts of
carbohydrate, fat and protein ingested were calculated by staff
nutritionists from the food consumed. Day to day variation in
total food-energy intake over the three days of evaluation at
each visit were determined and were not significant. For diet
analysis three days of measurements were meaned and used for
all calculations. During each visit the following also were
obtained: serum thyroxine (T4) (normal range 4.0–12.5mg/
dL); radioimmunoassay kit from Bio-Rad Laboratories, serum
triiodothyronine (T3) (normal range 78–202 ng/dL); radioim-
munoassay kit from Bio-Rad Laboratories, T3 resin uptake
(normal range 25–35%); kit from Amersham Co., serum thy-
roid stimulating hormone (TSH) (normal range 2–6mIU/L);
radioimmunoassay kit from Kallestad Laboratories, and 24-
hour urinary urea nitrogen excretion. Urinary urea nitrogen was
measured by an enzymatic conductivity rate method using kits
purchased from Becklin Labs. Weight and height were re-
corded on each visit. Premorbid weight is the actual recorded
weight prior to the development of thyrotoxicosis in eight
patients or was based on the patients’ estimated weight loss due
to hyperthyroidism in two cases. Baseline weight is that re-
corded at the time of initial evaluation. All patients received
radioactive iodine (131I) treatment at the time of initial hospital
admission. Mean131I dose was 12.7 millicuries6 3.1, range 4

to 30. Replacement thyroxine was begun at subsequent visits
when the patients were clinically hypothyroid or when the
serum thyroxine had decreased to less than 4.0mg/dL. Most
commonly this occurred at three months after treatment. Data
represent means6 standard errors of the means unless indi-
cated otherwise. Data representing prospective follow-up of
these patients with respect to their weight, food-energy intake
and thyroid-function studies have been analyzed for change by
repeatedly measured ANOVA. Fisher’s Least Significant Dif-
ference test was used to determine the earliest point of differ-
ence from initial values.

RESULTS

Changes in serum T4 and T3 values were as expected (Fig.
1). They decreased over the first one to two months after
radioiodine treatment and, on average, moved briefly into the
hypothyroid range before treatment with thyroid hormone re-
placement normalized the values. Serum T4 at initial evaluation
was 156 0.9 mg/dL, range 12–20 (Fig. 1). It reached a low
value of 4.06 1.0mg/dL, (range 1 to 12) at three months. After
replacement thyroxine therapy, the serum T4 value was 116
1.0 mg/dL at month twelve. When the serum T4 level was
analyzed by ANOVA with patient and time as independent
variables, the F-ratio for patients was 1.94 (p5 0.070), indi-
cating little variance between patients. The F-ratio for time in
the analysis of T4 changes was 13.4 (p, 0.001), indicating a
strong and parallel change in T4 values over the course of the
study. The ANOVA result further indicates that the graph of
mean values over time is a reasonable description of a typical
expectation. The decline in T4 compared to starting values
became significant by month two. Changes in serum T3 (Fig. 1)
paralleled the serum T4 values. The ANOVA for T3 also was
similar to that for T4. The F-ratio for patients was 2.0 (p5
0.062), and the F-ratio for time was 12.0 (p, 0.001), indicat-
ing minimal variance among patients, but strong and parallel
changes occurring in the individual patient T3 values over time.
As with serum T4 the T3, decrease became statistically signif-
icant by month two.

There were marked differences in individual TSH values
after treatment because of variation in TSH response to a
falling or low serum T3 and T4. The TSH was 1.26 0.3
mU/mL, (range 0 to 1.6) before treatment. It increased to 96

8 mU/mL at twelve months. However the range was very wide
(0.8 to 47.3mU/mL), and similarly wide variations were evi-
dent at most other time points. Because of several missing data
points, a formal analysis by ANOVA was not possible, but
given the variance in the data already alluded to, it is unlikely
that a consistent, parallel trend over time would be found with
TSH.

Mean weight at the time of diagnosis and treatment was
12.6% less than premorbid weight, with a standard deviation of
6%. It then increased in an asymptotic fashion over the ensuing
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twelve months until mean body weight was within 1% of the
subject’s mean premorbid weight (Fig. 2). The large range of
patient weights (mean premorbid weight 77.16 5.0 kilograms,
range 48.5 to 96.6 kilograms) was reflected in the ANOVA
where the F-ratio for patients was 227.5 (p, 0.001), but the
association of time and weight was robust and parallel, with an
F-ratio of 22.5 (p, 0.001). Following treatment, a significant
increase had occurred within two months. If each weight is
expressed as the difference from premorbid weight, the varia-
tion among individuals is still significant, though less so (F-
ratio 14.9, p, 0.001) and the association of time and weight is
unchanged.

Food intake declined throughout the observation period and

was a mirror image of the pattern seen with body weight (Fig.
2). Mean food-energy intake at initial evaluation was 30056

199 kilocalories/24 hr with a range of 1733 to 3652 kilocalo-
ries/24 hours. Food energy intake declined asymptotically
throughout the observation period to a mean plateau value of
25976 137 kilocalories/24 hours (range 1858 to 3533). When
total intake is assessed by ANOVA, a significant F-ratio is
found for the association with patients (F5 18.6; p, 0.001),
but the effect of time, while significant, is not as strong as in the
analysis of other variables (F5 3.2, p5 0.016). If the intrinsic
variability in intake associated with body size is adjusted for by
expressing the food energy intake as kilocalories/kg, the vari-
ance produced by patients is reduced (F5 8.6, p, 0.001) and

Fig. 1. Changes over the 12 months following131I treatment of hyperthyroidism in thyroxine (T4), tri-iodothyronine (T3), T3 resin uptake (T3RU),
and thyroid stimulating hormone (TSH).

Fig. 2. Changes over the 12 months following131I treatment of hyperthyroidism in body weight and in food energy intake (adjusted for body weight).
The mean premorbid weight of the subjects was 77.16 5 Kg.
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the effect of time on kilocalories/kg intake (Fig. 2) is more
consistent and parallel (F5 8.3, p , 0.001). A statistically
significant change from starting levels in total fuel intake or
kilocalories/kg did not occur until month three. Relative con-
tribution to total food energy of carbohydrate was 46%, fat 36%
and protein 18% at every time point from baseline to month
twelve. Urinary-urea nitrogen excretion was 5006 54
mmol/24 hr at initial evaluation, was 3576 18 mmol/24 hr at
three months and 3216 71 mmol/24 hr at 12 months after
treatment.

DISCUSSION

Clearly, weight gain following treatment of thyrotoxicosis is
primarily due to reduced concentrations of thyroid hormones
and presumably in metabolic rate associated with these hor-
mones. Reduced metabolic rate, though not measured in this
study, is implied by consistent weight gain without increased
(indeed ultimately decreased) food intake. Two other observa-
tions are of note: first, that food intake during hyperthyroidism,
while increased relative to levels found one year post-treat-
ment, was evidently not increased enough to prevent weight
loss, and second, that one year after hyperthyroidism treatment,
body weight had risen to pre-morbid values.

Food energy intake in these subjects while hyperthyroid was
substantially greater than required when they had returned to a
premorbid body weight. The data are consistent both with
clinical experience and with previous studies. Alton and
O’Malley [2] have reported, using seven-day dietary recall, that
calculated food-energy intake is significantly higher in thyro-
toxic patients than normal controls. Following carbimazole
therapy it decreased by 37%. The study was terminated when
the serum T4 reached a normal value. At that time the weight
gain in the subjects was 10% above their weight prior to the
treatment of thyrotoxicosis. Thus, the final weight that may
have been reached in these subjects is not known. In the present
study in which actual food intake was measured, the decrease
was only 22.5% one year after treatment and at a time when the
majority of the weight lost had been restored. Alton and
O’Malley also speculated that hyperthyroidism could stimulate
appetite in a long term and potentially irreversible way, thereby
resulting in long-term weight gain. Far from demonstrating
persistent stimulation of appetite, our subjects exhibited a con-
sistent decline in appetite as weight was restored to near pre-
morbid values.

Thyroxine administration in supraphysiological doses to
healthy rats and mice decreased body weight in spite of an
increase in caloric intake [2–4]. Our observations also indicate
weight loss in humans despite increased food energy intake.
This must be due to an increase in metabolic rate out of
proportion to increased food energy ingestion and implies that
appetite compensation is incomplete. Previous calculations of

food energy necessary to maintain weight stability during hu-
man hyperthyroidism are consistent with this observation. Sato
et al. [5] have reported that during precise diet administration,
more than 60 kilocalories per kilogram per day are required to
prevent weight loss in thyrotoxicosis patients. Boothby and
Sandiford [6] reported that during careful balance studies, 74
kilocalories per kilogram per day were necessary in order to
maintain nitrogen balance in thyrotoxic patients. Our subjects
voluntarily consumed only 48 kilocalories per kilogram per day
while hyperthyroid and, consequently, were losing weight. The
mechanism or mechanisms limiting appetite compensation dur-
ing hyperthyroidism are not known.

Resumption of premorbid body weight within one year after
treatment of hyperthyroidism is an observation made previ-
ously by one of us [1]. A striking finding of the present study
was the inverse change in body weight and food energy con-
sumption throughout the period of observation. Also notewor-
thy is that food intake did not increase post hyperthyroidism.
This could have facilitated weight gain and might have been
expected, since in the hyperthyroid state compensation for the
excessive energy production is incomplete. The potential mech-
anisms responsible for resumption of previous body weight and
for guiding the role of appetite in weight gain are incompletely
understood, but potential explanations deserve comment.

It is possible that food-energy intake is independently de-
termined by the level of thyroid hormones. If this were the
mechanism, we would have expected caloric intake to follow
the course of the thyroid hormones during the observation
period. This prediction generally held for both thyroxine (T4)
and tri-iodothyronine (T3) during the first months of observa-
tion, when thyroid levels were progressively falling. During the
last months, however, the hormone concentrations and food
energy intake moved in different directions.

An association of food energy consumption with T3 con-
centration is well known [7–9]. However, it has generally been
found that food energy determined the T3 level, not the reverse.
Such an association is particularly well described during star-
vation and refeeding [7,8], but an increase in T3 with increased
food energy intake also is well documented [9].

A second possible explanation is that food energy consumed
was determined by the difference in body weight from premor-
bid body weight, i.e., by the magnitude of a body weight error
signal. The pattern of change in weight and food consumption
we observed is consistent with this possibility. The observation
that, after treatment, weight returns to that present before the
development of hyperthyroidism, as well as the remarkable
inverse relationship between weight and food-energy intake
following treatment is particularly compelling for such a cy-
bernetic system. In this context, it is interesting to note that in
a study in which thyroxine was administered to mice, the
provoked increase in food energy consumption was delayed
almost ten days from the beginning of thyroxine administration
and also lagged by three to six days after a measurable increase
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in metabolic rate [4]. This suggests that it is the thyrotoxicosis-
induced deviation from usual body weight that determines the
magnitude of caloric intake adjustment; that is, deviation of
body weight from a set-point value generates an error signal
that produces a proportional change in food-energy intake. One
observation made in this study not explained by set-point
theory is the incomplete appetite compensation associated with
hyperthyroidism. An unknown process associated with hyper-
thyroidism and not with euthyroidism or hypothyroidism [1]
must be invoked.

The issue of the existence of a set point for body weight
regulation has been controversial for some time [10,11]. None-
theless, there is evidence, both in man [12,13] and in animals
[14], that set point regulation occurs. In man, the evidence has
primarily been related to a predictable recovery of body weight
after experimental interventions of starvation [12] and over-
nutrition [13]. Our previous study [1] and particularly the
present one are particularly informative with respect to under-
standing the set-point regulation of body weight. In the case of
thyrotoxicosis, we have an abnormal, but spontaneously occur-
ring stressor which results in weight loss.

A third possible interpretation of the increase to premorbid
weight with declining food energy intake is re-equilibration of
weight after restoration of usual food intake and metabolic rate.
In this interpretation, body weight is seen to be at a settling
point determined by average levels of food energy intake and
total energy expenditure. When the hyperthyroidism is treated,
the resting component of energy expenditure gradually de-
creases to premorbid values. We can see the gradual decline in
energy intake as a similar phenomenon. Why the appetite
decline is gradual instead of abrupt and associated with treat-
ment, cannot be determined from these data. It may be that
change in behaviors are generally gradual.

A significant difference in macronutrient composition of
food ingested before or after treatment was not observed. There
was a proportional decrease in carbohydrate, protein and fat.
This contrasts with a previous report suggesting that thyrotox-
icosis particularly stimulated a craving for carbohydrates [2].

In summary, we have confirmed that treatment of hyperthy-
roidism is associated with an asymptotic return to premorbid
body weight. Mean measured food-energy intakes were sub-
stantially higher during hyperthyroidism relative to values ob-
tained upon return to normal health, and mean intake fell during
the observation period. The pattern was inverse to the rise in
mean body weight. We conclude that weight gain following
treatment of hyperthyroidism is due to a reduction in metabolic
rate consequent to the decreased thyroid hormone concentra-
tion and not to an increased food-energy intake. As body
weight increased, food intake declined and both reached an
asymptotic limit. This suggests that body weight deviation from
set-point is a major factor controlling fuel intake.
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