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Abstract

Objective—Thyroid hormones are involved in metabolic regulation, but the degree to which they
affect body weight and body mass index (BMI) in children is unclear. We examined the effect of
hypo- and hyperthyroidism on weight and BMI at the time of diagnosis and after appropriate
treatment.

Design—~Prospective and retrospective case series

Patients—Children referred for thyroid dysfunction were enrolled prospectively if their total or
free T4 was elevated with TSH <0.05 mIU/mL (N=57) or if they had a subnormal total or free T4
and TSH >20 (N=29).

Results—AlImost all patients had at least 2 classic signs or symptoms including goiter, but
hyperthyroid patients had more symptoms. Mean BMI z scores at the time of diagnosis did not
significantly differ between the two groups. Males with hyperthyroidism complained of weight
loss more frequently and had a lower pretreatment BMI z score than hyperthyroid females.
Hypothyroid patients lost a minimal amount of weight by the first follow-up (mean of 0.3
kilograms (kg)) and on average gained weight by the second follow-up visit. In contrast
hyperthyroid patients gained a mean of 3.4 kg at the first follow-up visit and a mean of 7.1 kg by
the second.

Conclusions—Correction of hypothyroidism resulted in minimal weight loss, suggesting that
hypothyroidism does not cause significant weight gain in children. In contrast, correction of the
hyperthyroid state had a somewhat greater impact on weight status. These results are consistent
with prior reports but surprising given the opposite metabolic effects of hypo- and
hyperthyroidism.

Keywords
Hypothyroidism; hyperthyroidism; children; body mass index; weight gain; weight loss; obesity

Introduction

Thyroid hormone serves as one of the major regulators of resting energy metabolism in
humans.! States of thyroid excess lead to an increased metabolic rate and frequently present
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Methods

with weight loss at the time of diagnosis. One might therefore expect to see equivalent
weight gain in hypothyroidism as a result of a decreased metabolic rate. Although obesity
often leads physicians to measure thyroid hormone concentrations, studies in children
suggest that obesity is rarely due to hypothyroidism. In a report from Germany, only 0.3%
of 1405 children who presented to an endocrinology clinic for obesity were diagnosed with
hypothyroidism.2 The American Academy of Pediatrics guidelines do not recommend
routine thyroid testing as part of the evaluation for obesity.3

The impression that hypothyroidism has a major effect on weight gain largely comes from
the mid 1900s when thyroid function tests were not available, and patients with severe and
long-standing hypothyroidism often developed myxedema with water retention.* More
recent studies of adults have demonstrated minimal if any weight loss after initiating
treatment in earlier stages of hypothyroidism, suggesting that negligible weight gain
occurred before treatment.#:5:6 Although there is little pediatric data on the subject, a recent
study reported minimal weight loss between the time of diagnosis and the first visit after
initiating I-thyroxine treatment.” In contrast, studies of adult hyperthyroid patients have
demonstrated significant and sustained weight gain after initiation of treatment;>:8:
however, there is little pediatric data on this subject.

Assessing whether and to what extent thyroid disease truly affects weight status poses a
problem, especially in children. At the time of diagnosis it is difficult to determine when the
onset of the disease occurred, particularly because symptoms may develop insidiously.
Furthermore, in the pediatric population, weight gain is expected as part of normal growth;
thus, a baseline weight prior to disease onset is often hard to establish. As noted above, one
option for assessing the effects of thyroid disease on weight is to track BMI change, which
takes into account both weight and height change, once treatment for hypo- or
hyperthyroidism is initiated.# In theory, a patient will return to the pre-disease BMI z score
once euthyroid status is achieved; however, the time required to return to this baseline
weight is unclear.

We report here a cohort of pediatric hyperthyroid and hypothyroid patients diagnosed during
a 3 year period at a large urban teaching hospital. We examined signs, symptoms, and
weight status at the time of diagnosis and rechecked height and weight at two subsequent
follow-up visits to determine how much weight and BMI change occurred with appropriate
treatment.

Study Design and Subject Identification

Children seen at Children's National Medical Center between March 2004 and October 2007
for an initial evaluation of newly diagnosed hyper- or hypothyroidism were included if they
were at least 4 years old and the child or the parents could answer the survey questions.
Subjects with known celiac disease, type 1 diabetes mellitus, or other conditions affecting
weight gain were excluded, although subjects were not screened for undiagnosed diseases.
Patients were evaluated by 1 of 4 staff endocrinologists.

Most patients were untreated at the time of the initial visit, although four subjects had been
started on treatment in the previous 1-4 weeks and two hyperthyroid patients had been on
beta-blockers only. However, in most of these cases, the height, weight, and heart rate just
prior to the start of treatment was obtained through the primary care physician's office.
Where pre-treatment heart rate was not available, the heart rate at the initial endocrinology
visit was not included in the analysis.
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All hyperthyroid patients had an elevated serum concentration of total or free T4 and TSH
<0.05 mIU/mL. In order to exclude patients with either subclinical or mild hypothyroidism,
only hypothyroid patients with serum level of TSH >20 and subnormal total or free T4 were
included; 24 of 29 patients had TSH levels >100. Patients with congenital hypothyroidism,
surgically or radioiodine-induced hypothyroidism, or transient thyroiditis were excluded.

This study was approved by the Institutional Review Board at Children's National Medical
Center.

Evaluation and Data Collection

During the initial evaluation, the presence of a goiter was assessed by the endocrinologist
through palpation and inspection, and heart rate was recorded. Weight and height were
plotted with an electronic Microsoft Windows ® growth charts program (GrowthCharts
version 4.1, copyright 2001-2006 by John T. Cockerham, MD). The program calculated
body mass index (BMI) using the standard formula of weight in kilograms (kg) divided by
the square of the height in meters. Percentiles and standard deviation (Z) scores for growth
parameters were calculated using the appropriate CDC tables, choosing parameters from the
nearest half-month of age.1°

To document the frequency of the diverse symptoms seen in patients with thyroid disorders,
parents and patients were asked a standard set of questions regarding recent onset (within
the prior few months) of symptoms commonly seen in hypo- and hyperthyroidism. The list
of symptoms (see Table 1) was culled from prior studies!1+12:13 and augmented with some
symptoms frequently mentioned by patients (e.g. tiring quickly in hyperthyroid patients).
Given that some symptoms present in an opposite manner for hyperthyroid versus
hypothyroid patients, the first 5 symptoms listed in Table 1 were grouped by opposites; the
hyperthyroid patients were asked about the symptom listed on the left side of the first
column, and hypothyroid patients were asked about the symptom on the right side of the
first column. The sixth symptom was posed as tiring more quickly to the hyperthyroid group
and as feeling more fatigued to the hypothyroid group. The next 4 symptoms listed were
frequently present in both groups of patients. Finally, the last 6 symptoms were considered
to be specific to either hyperthyroid or hypothyroid patients and were only asked of the
appropriate group.

After the initial data collection was completed, data on height and weight for two follow-up
visits were extracted from the medical record where available to assess changes in weight
and BMI following the initiation of appropriate treatment. Results of thyroid function tests
from these visits were also noted. In order to equalize the follow-up intervals for the
hyperthyroid and hypothyroid groups, we occasionally used the third visit following
diagnosis, rather than the second visit, as the data for the second follow-up visit. In one
hyperthyroid case where the interval between diagnosis and the next visit was less than one
month, we extracted data from the second visit after diagnosis to use as the first follow-up.
In two cases of hypothyroid patients, the first follow-up visit occurred more than 8 months
after diagnosis, so we chose to consider that visit as the second follow-up visit. For those
few patients who continued to worsen following the start of therapy, as evidenced by
worsening thyroid functions, data was not included for follow-up visits.

Statistical Analysis

Two sample t-tests were used to calculate p values in comparisons of population means. The
1-sided Fisher's exact test was utilized to generate p values for comparison of frequencies
within 2 populations. Mixed effects multilinear regression models were used to account for
the non-normal distribution of the data.
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Results

Table 1 displays the study population's frequency of symptoms commonly found in patients
with thyroid disease. The sixth symptom (tiring more quickly or fatigue) was found to be a
similar complaint in both hyperthyroid and hypothyroid patients, present in about two-thirds
of both groups. As noted, most symptoms were reported in one-third to two-thirds of
patients; furthermore, almost all patients (except 4 hypothyroid and 1 hyperthyroid)
experienced at least 2 and usually at least 3 of these symptoms.

Characteristics of the study patients are summarized in Table 2. As noted in other studies,
both hyperthyroidism and hypothyroidism were found much more often in females than in
males. A goiter was found on exam in the majority of patients, substantially exceeding the
parental reports of swelling at the front of the neck. Among the hypothyroid patients, the one
patient with no presenting symptoms and the 3 patients with only 1 symptom all were found
to have a goiter. In the hyperthyroid patients, 68% had heart rates above 100 beats per
minute, while 41% of hypothyroid patients had heart rates less than 70 beats per minute.

At the time of diagnosis, patients in the hyperthyroid group had a higher mean weight
compared to the hypothyroid population, but this was likely due to the fact that the mean age
was nearly 3 years older in the hyperthyroid group as evidenced by the similarity in weight
when age adjusted norms are used (weight z score). Additionally, the hypothyroid patients
were somewhat shorter for age (height z score), which may reflect slowing of growth
associated with prolonged hypothyroidism, though there was only one hypothyroid patient
in this study with height z score of < 2. The range of both BMI and BMI z scores were quite
wide with extensive overlap between the 2 groups, suggesting an overall minimal difference
in weight status at the time of diagnosis.

In the hyperthyroid group, males more frequently reported weight loss as a symptom and
were found to have a significantly lower BMI z scores than females at the time of diagnosis
(Table 3). No differences were found between males and females in the hypothyroid group.

We attempted to determine if the severity of thyroid disease at diagnosis, as assessed by
goiter size, heart rate, and degree of abnormality of total or free T4, was predictive of weight
z score and BMI z score at the time of diagnosis, but no correlations were found (data not
shown).

Weight and BMI data for the first and second follow-up appointments after starting medical
treatment are shown in Table 4. First follow-up visit heights and weights were available for
51 of 57 hyperthyroid and 27 of 29 hypothyroid subjects. Second follow-up visit heights and
weights were available for 45 hyperthyroid and 22 hypothyroid subjects. Hypothyroid
patients on the average lost very little weight at first follow-up (0.3 kg, p=0.45 for
comparison of weight at baseline and first follow-up visit). Nine patients gained between 0.2
to 3.6 kg; all of these patients had normalized serum thyroxine levels at this follow-up visit.
By the second follow-up visit, the average patient had gained 1.5 kg relative to their
diagnosis weight (p=0.07 for comparison of weight between baseline and second follow-up
visit; p=0.003 for comparison of weight between first and second follow-up visit), but again
there was a wide range of weight changes. Because some of this weight gain may be
explained by natural or catch-up linear growth, the BMI z score was used to standardize
weight for height and age. After the first visit, the mean BMI z score decreased by an
average of 0.24 (p=0.004 for comparison of BMI z score between baseline and first follow-
up) and only decreased another 0.05 by the second visit (p=0.90 for comparison of BMI z
score between first follow-up and second follow-up; p=0.01 for comparison of baseline to
second follow-up), suggesting that there was little or no change in BMI after the first follow-
up visit. Three hypothyroid patients had BMI z scores >2 at the time of diagnosis; of these

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2011 December 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Crocker and Kaplowitz Page 5

patients, the 2 most overweight (BMI z scores of 2.58 and 2.4) gained 3.1 and 2.7 kg by the
second follow-up visit, though both had an insignificant decrease in BMI z score (to 2.55
and 2.29 respectively). The third patient lost 2.4 kg during the first 3 months of treatment
and another 6.5 kg over the next 6 months (the greatest weight loss seen in this study), and
her BMI z score decreased from 2.21 to 1.85.

In contrast, hyperthyroid patients experienced larger effects on weight at their first follow-up
visit and continued to gain weight at the second follow-up visit (mean of 7.1 kg relative to
initial weight, 13% of initial weight, or a gain of 0.53 in BMI z score; p<0.01 for all
comparisons between baseline and first and second follow-up for weight and BMI z scores).
The changes in weight for individual hypo- and hyperthyroid patients on treatment are
graphically displayed in Figure 1. The differences between weight and BMI changes
between the two groups was consistently statistically significant with all p-values <0.01, as
shown in Table 4. Additionally, when comparing absolute weight change irrespective of loss
or gain, the change in weight was significantly greater for the hyperthyroid patients between
the baseline and first follow up visit (p=<0.0001) and between the first and second follow up
visits (p<0.0001) compared to the change experienced in the hypothyroid patients. The
magnitude of the change in absolute BMI z score was not different between the two groups
at the first follow up visit, although the change was in opposite directions; the absolute
change in BMI z score from the first to second follow up visits was significantly greater for
the hyperthyroid patients (p=0.01).

Not all patients were euthyroid at the time of their follow-up visits as determined by free T4
levels (TSH levels remained suppressed in most hyperthyroid patients even after free T4
normalized). Though in nearly all cases free T4 levels had improved significantly, three of
the hypothyroid patients (10%) and 14 of the hyperthyroid patients (27%) had free T4 levels
that still remained outside of the normal range. This was either secondary to lack of
medication adherence or to initial underdosing of medication. The higher percentage of
hyperthyroid patients who did not become euthyroid at the first follow-up visit likely reflects
the greater difficulty of controlling hyperthyroidism medically. In a separate analysis, there
was a slightly smaller degree of weight gain in the suboptimally treated hyperthyroid
patients and a slightly smaller degree of weight loss in the suboptimally treated hypothyroid
patients compared to their optimally treated counterparts, but the difference was not
statistically significant.

Discussion

Our study examined children with hypo- and hyperthyroidism at the time of diagnosis and
then through two follow-up visits. It may seem unusual that we enrolled nearly twice as
many hyperthyroid as hypothyroid children in our study, despite a higher frequency of
hypothyroidism in the pediatric population. This was likely because many of the
hypothyroid patients who were started on treatment have compensated hypothyroidism with
normal total or free T4 and variable elevation of TSH; it was decided not to include those
subjects, since the symptoms and weight changes we were examining are related to the
decrease in free T4 levels rather than the degree of TSH elevation.14:15 In contrast,
hyperthyroid patients at diagnosis almost always have several clearly thyroid-related
symptoms as well as a very elevated total or free T4.

Even though we studied only moderate-to-severely hypothyroid patients (24 of 29 had TSH
>100), they showed on our survey significantly fewer symptoms than our hyperthyroid
patients. There were 8 questions on the hyperthyroid survey which received a positive
response in over 50%, compared to only one question on the hypothyroid survey (feeling
fatigued). It is curious that the same question regarding energy levels received about 65%
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positive response in both the hyperthyroid and hypothyroid patients, even though one might
expect that hyperthyroid patients would report increased energy levels. Fatigue or tiring
more quickly has not been reported in other studies of hyperthyroid children.12:13,16,17
Perhaps hyperthyroid patients start the day with more energy but due to their tachycardia
and increased metabolic rate, they tire more quickly by the end of the day. Such a hypothesis
is supported by the restlessness and hyperactivity described by others.12:17 Alternatively,
their difficulty falling asleep at night (which many of our subjects reported, and which has
been described in other studies316) may contribute to their feeling of tiring more quickly.
Two studies have described muscle weakness in hyperthyroid children, which may also
contribute to a sense of fatigue.12:17

It is of interest that short stature was not a common finding in our hypothyroid patients, with
a mean height z scores of —0.19 and only one patient with a height z score of <—2. However,
a few patients had experienced growth deceleration that had not persisted long enough to
cause their height z score to fall below —2. This lack of major effects on growth may occur
because, in our referral area, primary care physicians are quick to check thyroid tests for a
variety of reasons in addition to finding a goiter (i.e. obesity, fatigue, behavior change, hair
loss, positive family history of thyroid disease) so that hypothyroid children are unlikely to
go undiagnosed for prolonged periods of time. Other papers have reported similar height z
scores at the time of presentation of hypothyroidism,+18 although one study did show a
lower height standard deviation in the hypothyroid population compared to euthyroid
controls.18

Both hypothyroidism and hyperthyroidism are widely felt to be associated with alterations in
weight and BMI, but, as noted earlier, it is difficult to quantify the amount of weight change
in children that can be attributed to thyroid dysfunction. Our first approach to this problem
was to evaluate weight status, most accurately reflected by BMI z score, at the time of
diagnosis of the thyroid problem. One might have predicted that hypothyroid patients would
be relatively overweight (strongly positive BMI z score) and that hyperthyroid patients
would be relatively underweight (negative BMI z score), reflecting weight gain or loss prior
to diagnosis. Surprisingly, the difference in BMI z score between the two groups was minor
and not statistically significant, and the range of BMI z scores was wide and highly
overlapping between both groups, demonstrating a similar baseline weight status in both
populations. A recent retrospective study on the presentation of hypothyroidism in children
also found a wide range of BMI z scores at presentation, which did not differ significantly
from the BMI z scores of euthyroid patients seen in the same time period.18 Additionally, a
study of adults newly diagnosed with thyroid disease did not show any difference in BMI or
percent of body fat between the hyperthyroid and hypothyroid groups.®

We then followed the same patients as they started either I-thyroxine therapy or
methimazole. One of the problems in analyzing the results is that the patients were not seen
on a standard schedule, and so there was a range of time intervals between the initial and
first follow-up visits and between the first and second follow-up visits, with the
hyperthyroid patients in general seen back more quickly and more often due to the greater
need to adjust therapy. We tried to compensate for this by including data from a 3" follow-
up visit if the first visit occurred sooner than 1 month or the second visit occurred sooner
than 4 months after starting treatment. It should also be noted that not all patients became
euthyroid after the first visit, though this did not affect our overall findings. We evaluated
changes in absolute weight, but also in z scores for weight and BMI in order to take into
account the influence of age and height on body weight. In order to provide some
perspective on the relationship between changes in BMI z scores and weight, we have
calculated that a female who is 13.4 years (the average age for our study entry) and of
average height and weight for age (160 cm and 50 kg) would gain 5.3 kg and 2.08 BMI units
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if her BMI z score increased by 0.5. This relationship of weight and BMI z score will be
slightly different at different ages.

In the first months of treatment, weight changes were quite variable but on average were
modest. Average weight loss in hypothyroid patients was only 0.3 kg, weight z score
decreased by 0.17, and BMI z score decreased by only 0.24. Furthermore, by the second
follow-up visit, hypothyroid patients showed very minimal and statistically insignificant
further decrease in BMI z score and had actually regained some weight, although this weight
gain may be explained in part by increased height as evidenced by their stabilization in BMI
z score. Thus on average, subjects lost very little weight with treatment of hypothyroidism,
which suggests that very little weight gain can be attributable to development of
hypothyroidism. This result is consistent with previous reports in adults, and in agreement
with the findings of Lomenick, et al, who reported that only 31% of their hypothyroid
children lost weight at their first follow-up visit, with a mean loss of 2.3 kg, and that with
long-term follow-up there was no significant change in weight and BMI z score compared to
baseline.” At our second follow-up visit, there was on average no further weight loss,
suggesting that after the first follow-up visit, pre-disease weight status was largely restored.

In contrast, hyperthyroid patients, half of whom reported weight loss prior to diagnosis,
gained an average of 3.4 kg and 0.32 in BMI z score at the first follow-up visit, and
continued to gain a statistically significant amount of weight at the second follow-up visit
with an average of 7.1 kg of weight gain and an increase of 0.53 in BMI z score compared to
diagnosis. This suggests that, unlike hypothyroid patients, weight change is more significant
with hyperthyroid patients and correction to baseline is slower. There are several possible
explanations for the ongoing weight gain in this group. First, since pre-treatment weight loss
with hyperthyroidism was in some cases quite large, correction to baseline weight status
may take longer. Second, patients with untreated hyperthyroidism often develop an
increased appetite to counter their increased metabolic rate and may not quickly revert to
more normal eating patterns. This could explain why some patients gain more than the
weight they lost and eventually exceed their pre-disease weights and BMI z scores.

The contrast between the pattern of weight changes in hyperthyroid and hypothyroid
patients is perhaps surprising, given that the metabolic changes in these two conditions are
polar opposites. Hyperthyroidism causes significant weight loss in some patients due to
increased basal metabolic rate, an overall increase in protein degradation and lipolysis, and
fat malabsorption.! However, body composition studies of hyperthyroid adults treated with
radioiodine indicate that most of the weight regained during the first year is lean mass, not
fat.8 Why, therefore, do we not see equivalent weight gain in untreated severely hypothyroid
patients? The reason for this is unclear, but it should be noted that the modest weight gain
sometimes seen in severe hypothyroidism is mostly due to water retention.19:20:21 |t thus
appears that in neither hypothyroidism nor hyperthyroidism are weight changes due to
significant changes in the amount of body fat. Animal data also demonstrate differences in
metabolic effects of hyper-and hypothyroidism. Hyperthyroid rats demonstrated a larger
increase in total energy expenditure and food intake compared to the decrease in these
parameters in hypothyroid rats. Although the hypothyroid rats were lower in TEE and food
intake than their euthyroid counterparts, the differences were not statistically significant.
Furthermore, hyperthyroid rats decreased their rate of inactivity while hypothyroid rats had a
non-statistically significantly trend towards increasing inactivity.22 A commentary on this
study described the results of hyper- and hypothyroidism as non-mirror images.23

We found that males in the hyperthyroid group exhibited significantly lower BMI z scores at
diagnosis and provided a history of weight loss more often than females. A sex difference in
weight change in hyperthyroid patients has not been previously reported to our knowledge.
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No sex differences in weight change were seen in hypothyroid patients. The reasons for such
differences are unclear but may reflect a greater increase in caloric intake in females to
compensate for the increased metabolic rate, though the percentage of males and females
who reported increased appetite was similar. One study has shown lower percent fat mass in
males with Graves disease compared to controls but no difference in females.24 There may
be gender-specific effects on body composition due to thyroid hormone that have not been
elucidated.

Our findings in our hypothyroid patients confirm what others have reported in both children
and adults. Based on the minimal weight loss seen with hypothyroidism, even severe
hypothyroidism does not appear to cause the degree of overweight that typically generates
enough concern to prompt ordering thyroid tests. Although an occasional obese child will
prove to have hypothyroidism, this does not appear to occur much more frequently than
finding hypothyroidism in normal weight or underweight children, as shown in Figure 1B.
The evidence suggests that weight gain alone is not a sufficient reason to order thyroid tests
unless accompanied by a goiter or one or more typical symptoms. In a retrospective study of
hypothyroid children, a goiter was present in 76% of patients, similar to our findings.18
Weight change is more consistent in hyperthyroid patients, and an unexplained fall in weight
should prompt consideration of hyperthyroidism and a search for supporting signs and
symptoms. A goiter was found in over 90% of hyperthyroid patients, and the majority had
three or more of the classic symptoms noted in Table 1 (particularly heat intolerance, rapid
heart rate, declining school performance, and trouble sitting still).

Our study does have several limitations including the retrospective collection of the follow-
up data. As mentioned above, the sample size of the groups was uneven due to more
stringent inclusion criteria for the hypothyroid subjects. Additionally there was significant
loss to follow-up, which further diminished the number of subjects available for analysis;
however, given that weight management was not the purpose of the follow-up visits, we
think it unlikely that there would be much difference in the weight changes between the
included subjects and those lost to follow-up. We also did not achieve euthyroid status on
some subjects, but in a subset analysis of those who were euthyroid, the results were very
similar. Since thyroid disease affects height as well as weight, BMI may be altered by
changes in both parameters. However, weight changes much more rapidly than height, so we
expect the change in BMI during the short term follow-up in our study should mostly reflect
weight change, not height change. Also, as mentioned above, we only had one patient with
significant short stature, suggesting that hypothyroid patients were in most cases referred to
endocrinology before the onset of significant growth deceleration. Finally, we have used
weight change during treatment with levothyroxine or methimazole as a surrogate marker
for weight changes due to hypo- or hyperthyroidism. Such a surrogate measure is necessary
because defining the time of disease onset and obtaining a pre-disease weight in a growing
child is very difficult. While other studies have also used the same surrogate measures, such
methodology does limit the ability to draw absolute quantitative conclusions about weight
changes due to thyroid dysfunction.

Future studies could focus on longer-term follow up of these patients. Additionally obtaining
data on body composition through air displacement plethysmography or dual energy xray
absorptiometry scans could provide interesting information about changes in fat and lean
mass during treatment of thyroid disease.

Conclusion

Our data indicate weight loss after starting I-thyroxine treatment is minimal, and assuming
treatment returns patients to their baseline, these results suggest that substantial weight gain
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not a symptom of hypothyroidism in children. In contrast, hyperthyroid patients do

experience weight loss before diagnosis and continue to regain weight many months after
starting treatment for their disease. Since metabolically hypothyroidism and
hyperthyroidism have opposite effects, it is not clear why the effect of treatment of
hyperthyroidism on weight is more significant and prolonged than the effect of treatment of
hypothyroidism, but based on other studies, in neither case are weight changes primarily due

to

changes in body fat.
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Fig. 1.

BMI z scores for each patient at the initial visit and at the first 2 follow-up visits after
initiating treatment. Top: Patients with hyperthyroidism. Bottom: Patients with
hypothyroidism.
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Table 1

Prevalence of Symptoms (hyperthyroid on left; hypothyroid on right)

Hyperthyroid  Hypothyroid

N 57 29
Feeling hotter or sweating more / Feeling colder 37 (65%) 14 (48%)
Weight loss reported / Weight gain reported 30 (53%) 11 (38%)
Getting upset more easily / Feeling more depressed 37 (65%) 11 (38%)
Increased appetite / Decreased appetite 32 (56%) 10 (34%)
Diarrhea or loose stools / Constipation 17 (30%) 6 (21%)
Tiring more quickly; feeling more fatigued 37 (65%) 19 (66%)
More headaches than usual 26 (46%) 5 (17%)
Difficulty focusing on schoolwork or maintaining grades 38 (67%) 7 (24%)
Lump in front of neck noted by parents 19 (33%) 8 (28%)
Trouble sitting still 38 (67%)

Feeling heart beat too fast or too hard 31 (54%)

Difficulty breathing or catching breath 22 (39%)

Eyes more prominent 20 (35%)

Sleeping more or napping during the day 13 (45%)
Dry skin 14 (48%)
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Table 2
Characteristics at Diagnosis
Hyperthyroid Hypothyroid p value
n 57 29

Age in years
Median (range)
Sex — M(% of total)
Goiter present
Heart rate
Median (range)
Height in cm
Mean + SD
Median (range)
Height z score
Mean + SD
Median (range)
Weight in kg
Median (range)
Weight z score
Median (range)
BMI
Median (range)
BMI z score

Median (range)

14.1 (3.8-19.2)
15 (26%)
92%

115 (74-152)

157.4 +13.4
158.2 (106.5-185.4)

045+ 1.21
0.36 (—1.75 to 3.30)

52 (18 t0 91.3)

0.56 (~2.00 to 2.14)

20.4 (14.2 10 36.7)

0.42 (~2.07 t0 2.27)

10.2 (5.7-17.2)
8 (28%)
66%

72 (55-96)

139.0 +17.3
137.8 (105.5-180.1)

-0.19 + 1.23
0.41 (~3.99 to 1.35)

38 (20.5 to 101.5)

0.71 (~1.60 to 2.64)

19.3 (15.0 10 40.7)

0.91 (-1.53 to 2.58)

<0.01

0.01

0.75

0.68

0.11
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Table 3
Weight-Related Data for Hyperthyroid Males vs Females

Males Females p-value
n 15 42
Mean age in years 13.9 13.25
Reported weight loss — n (%) 13 (81%) 18 (43%) 0.01
Reported increased appetite — n (%) 10 (63%) 22 (54%) 0.29

BMI z score at diagnosis — mean (range) —0.53 (-2.1t01.7) 0.54(-1.8t02.3) <0.01
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Table 4

Weight Status after Initiating Treatment Compared to Diagnosis

Hyperthyroid Patients

Hypothyroid Patients

First Follow-up

Second Follow-up

First Follow-up

Second Follow-up

n

Total time on treatment (months)

Median (range)

Cumulative change in weight (kg)

Mean + SD
Median (range)

Cumulative % change in weight

Median (range)

Cumulative change in weight z score

Median (range)

Cumulative change in BMI z score

Mean = SD
Median (range)

51

2 (1-7)2

34+28
2.9 (-21012)

6 (—2.9 to 24)

0.16 (~0.16 t0 0.86)

0.32+0.30
0.26 (-0.17 to 1.17)

45

6 (4-14)

71+47
6.2 (-1.8t0 17.5)

13 (~2.9t0 35.2)

0.35 (~0.19 to 1.41)

053 +0.45
0.39 (~0.20 t0 1.56)

27

3 (1-6)°

0.3+ 1.7
-0.3 (-3.7103.6)

~0.8 (-7.6109.9)
~0.17 (~0.73 10 0.31)

—0.24 + 0.41
—0.16 (~1.28 to 0.66)

22

9 (7-20)

15+36
2.4 (-8.9106.8)

6.4 (—13.9 t0 18.0)

~0.10 (~1.08 t0 0.31)

—0.29 + 0.51
—0.16 (—1.58 t0 0.58)

p < 0.01 for all comparisons between hyperthyroid and hypothyroid patient groups

a . .
Only 6 visits occurred more than 4 months after starting treatment

b . .
Only 2 visits occurred more than 4 months after starting treatment
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