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Amag: Bu caligmada hipertiroidili hastalarda kemik
mineral yogunlugu (KMY) ve radyoaktifiyot (RAI) teda-
visinin arastirilmasi ve RAI tedavisinin KMY {iizerine
etkilerinin  degerlendirilmesi amaglanmigtir. Sonuglar
giincel literatiirle gézden gegirildi.

Materyal ve Metot: Hipertiroidi nedeniyle RAI uygu-
lanan hastalarin tedavi 6ncesi ve sonrasl, tiroid sintigrafi-
leri, tiroid fonksiyonlar1 ve kemik dansitometresi sonugla-
11 degerlendirildi.

Bulgular: Yas ortalamasi 58,4+11,1 olan 46 hasta (31
kadin, 15 erkek) incelendi. Hastalarin 3’ (%7) Graves’
hastalig1 (GH), 24’1 (%52) toksik adenom (TA), 19°u (%
41) toksik multi nodiiler guatr (TMNG) idi. RAI &ncesi
ortalama degerler; TSH 0,005 IU/mL, sT3 12,33 pmol/L,
sT4 17,38 pmol/L, vertebra T skoru (-)1,15, Z skoru 0,33,
KMY O,99g/cm2, femur T Skoru (-)1,30, Z Skoru 0, KMY
0,83g/cm’ idi. RAI tedavisinden bir yil sonra ortalama
degerler; TSH 1,19 IU/mL, sT3 3,44 pmol/L, sT4 11,33
pmol/mL, vertebra T skoru (-) 0,85, Z skoru 0,04, KMY
1,03g/cm2, femur T Skoru (-)1,0, Z Skoru 0,30, KMY
0,87 g/em” idi. ‘

Sonug: Secilmis hipertiroidili hastalarda RAI basar1
ile uygulanabilir. Hipertiroidi sirasinda olusan KMY ’deki
azalma RAI sonrasi diizelmektedir. Sonuglar giincel lite-
ratiirle uyumludur.

Anahtar Kelimeler: Hipertiroidi, kemik mineral yo-
gunlugu, radyoaktif iyot

ABSTRACT

Objective: This study aimed to investigate bone miner-
al density (BMD) and radioactive iodine (RAI) treatment
in patients with hyperthyroidism and to evaluate the ef-
fects of RAI treatment on BMD. The results were re-
viewed with current literature.

Materials and Methods: Thyroid scintigraphy, thyroid
functions, DEXA results of patients were evaluated before
and after RAL

Results: Forty-six patients (31 female, 15 male) with a
mean age of 58.4+11.1 were studied. Three (7%) patients
had Graves' disease (GH), 24 (52%) toxic adenomas (TA),
19 (41%) toxic multinodular goiters (TMNG). Mean val-
ues before RAIL; TSH 0.005 IU/mL, fT3 12.33 pmol/L,
fT4 17.38 pmol/L, vertebral T score (-)1.15, Z score 0.33,
BMD 0.99g/cm?, femur T-Score (-)1.30, Z-Score 0, BMD
0.83 was g/cmz. Mean values after RAI; TSH 1.19 1U/mL,
fT3 3.44 pmol/L, fT4 11.33 pmol/mL, vertebral T score (-
) 0.85, Z score 0.04, BMD 1.03g/cm?,_femur T-Score (-)
1.0, Z-Score 0.30, BMD 0.87 was g/cm®.

Conclusion: RAI can be successfully used in selected
patients with hyperthyroidism. The decrease in BMD im-
proves after RAIL. The results are consistent with current
literature.
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INTRODUCTION

The primary causes of hyperthyroidism in adults are
Graves' disease (GD), toxic adenoma (TA), and tox-
ic multinodular goiter (TMNG). Hyperthyroidism is
characterized by increased levels of free triiodothy-
ronine (fT3), free thyroxine (fT4), and suppression of
thyroid-stimulating hormone (TSH). The term thyro-
toxicosis is a clinical syndrome characterized by an
increase in the level of fT5, fT4 and/or both, and the
acceleration of body metabolism because of sup-
pression of TSH. While most patients with thyrotox-
icosis have hyperthyroidism, in some patients’ thy-
rotoxicosis depends on thyroiditis and intake of ex-
ogenous thyroid hormones.'

The primary treatment options for hyperthyroidism
are antithyroid drugs, radioactive iodine (RAI) ther-
apy, and surgery. The use of treatment options var-
ies according to thyroid centers. Although antithy-
roid drugs are generally selected as the initial treat-
ment, the permanent cure rate is low, and the recur-
rence rate is high when the treatment is stopped.
Furthermore, there are side effects of drugs, and
problems encountered with patient compliance with
regular medication intake.” Surgery is another op-
tion. The rate of complete treatment is high but seri-
ous complications such as recurrent laryngeal nerve
injury, hypoparathyroidism, and temporary or per-
manent hoarseness may be encountered. Consider-
ing these negative consequences, RAI has been in-
creasingly used to treat hyperthyroidism for many
years because it has fewer complications. RAI im-
proves hyperthyroidism by causing diffuse radiation
thyroiditis in the gland-associated chronic inflamma-
tory response, fibrosis, and atrophy. Mostly, it per-
forms this with a single dose of treatment.>*
Physiological levels of thyroid hormones are essen-
tial for the healthy development of bone. Hyperthy-
roidism accelerates bone turnover and increases cor-
tical bone porosity; it reduces cortical and trabecular
bone mass and is more pronounced in cortical bone.’
There are not enough studies about the effects of
RAI treatment on bone metabolism in hyperthyroid
patients. Nevertheless, in our study, patients who
received RAI treatment because of GD, TA, and
TMNG were evaluated. It was aimed to evaluate the
effects of improvement on bone metabolism with
BMD measurements while hyperthyroidism was
improving with RAI treatment and the results were
reviewed with the current literature.

MATERIALS AND METHODS

Ethics Committee Approval: This study was de-
signed by the Declaration of Helsinki Principles and
approved by Sakarya University Faculty of Medi-
cine Ethics Committee (Date: 03.01.2022, decision
no: 560).
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Forty-six patients who received RAI therapy for
hyperthyroidism between 2007-2008 were included
in this study. The hyperthyroidism diagnosis was
made by clinical investigation, ultrasonography,
thyroid function tests, and scintigraphy.

Basal TSH, fT; fT4 and bone mineral densities of
patients were measured before receiving RAI treat-
ment.

Thyroid function tests were evaluated using the elec-
trochemiluminescence immunoassay (ECLIA) meth-
od with Roche E170 device (Roche diagnostic im-
munoassay analyzers, Manheim, Germany). Accord-
ingly, reference intervals were fT5: 3.1-6.8 pmol/L,
fT4: 12-20 pmol/L, TSH: 0.27-4.2 TU/mL.

BMD was evaluated by bone densitometry (DEXA).
T-score of total vertebrae, Z-score of total vertebrae,
BMD values of vertebrae, T-score of total femur, Z-
score of total femur, BMD values of femur were
measured by densitometry. Patients without osteopo-
rosis were included in this study. We excluded pa-
tients with significant ophthalmopathy, thyroid ma-
lignancy, mental illness in this study.

The RAI treatment was administered in fixed doses.
Treatment doses were 15 mCi for GD, 20 mCi for
TA, and 25 mCi for TMNG. Fixed-dose application
was preferred as there was no uptake device in our
department.

The antithyroid drugs that the patients were taking
were stopped ten days before the treatment. It was
ensured that patients did not consume foods contain-
ing iodine. On the day of treatment, the patient was
asked to fast to increase the RAI absorption. Before
the application, the patient was informed by the phy-
sician about the necessary warnings, the success of
the treatment, and possible complications. The rou-
tine rules that the patient should pay attention to
before and after RAI treatment were explained and
the precautions that the patient should follow after
the treatment to protect from the side effects of RAI
were explained.

TSH, fT5 fT4 and BMD levels of patients were
measured in the first year after RAI treatment. Thy-
roid function tests were also performed at the third
and sixth months to evaluate the patients’ response
to treatment.

Statistical Evaluation: Statistical evaluations were
made using SPSS 24.0. Numerical data were evalu-
ated by Kolmogorov—Smirnov, and Shapiro—Wilk
tests to determine whether it fits the normal distribu-
tion. The difference before and after the RAI treat-
ment was evaluated with the paired sample T-Test
for normally distributed data, and the Wilcoxon
signed ranks test for non-normally distributed data
considering the symmetry assumption. Independent
sample t-test or Mann—Whitney U test was used to
compare numerical data between men and women
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considering the distribution. Descriptive statistics of
normally distributed data were given as mean+SD,
and data with non-normal distribution were given as
median, minimum and maximum values. The statis-
tical significance was accepted as p <0.05.

RESULTS

To detect alterations in BMD in patients who were
received RAI, thyroid function tests and BMD meas-
urements before and after treatment were performed
in 46 patients with hyperthyroidism for 1 year. Note
that 31 (67%) of the patients were female and 15
(33%) were male. The mean age of women was
58.2+12.2, the mean age of men was 58.848.8, and
the mean age of all patients was 58.4+11.1. Three of
the patients (7%) were GD, 24 (52%) were TA, and
19 (41%) were TMNG. When the thyroid function
values, the total vertebrae, and femur BMD values
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of the patients before and after RAI treatment were
compared, the results were found to be statistically
significant. The results are summarized in Table 1.

It is observed that post-treatment levels of TSH in-
creased, fT;and fT,;decreased. There is an increase
in BMD values except the vertebrae Z-score. The
changes observed in thyroid functions and BMD
levels were statistically significant (p < 0.05) (Table
1).

Table 2 shows the comparative thyroid function val-
ues of male and female patients before and after
radioactive iodine treatment.

Table 3 shows comparative total vertebrac BMD
values and the comparative total femur BMD values
of female and male patients before RAI treatment.
Table 4 shows the comparative total vertebrac BMD
values and the comparative total femur BMD values
of female and male patients after RAI treatment.

Table 1. Thyroid function tests and bone mineral density average values before and after radioactive

1odine treatment.

Parameters Before RAI After RAI p-value
TSH IU/mL 0.005 [0.002-1.01] 1.19 [0.02-75] <0.01
fT; pmol/L 12.33+5.80 3.44+0.95 <0.01
fT4 pmol/L 17.38 [10.58-73.49] 11.33[3.43-21.20] <0.01
Total vertebrae T score () 1.15[(-)2.5-2.5] (-) 0.85 [(-)2.5-2.5] =0.03
Total vertebrae Z score 0.33 £1.33 0.04+1.28 <0.01
Total Vertebrae BMD (g/cm®) 0.99 [0.64-1.43] 1.03 [0.77-1.43] <0.01
Total femur T score (-) 1.30 [(-)2.5-1.0] (-) 1.0 [(-)2.5-1.4] <0.01
Total femur Z score 0[(-)2.1-1.5] 0.30 [(-)1-1.8] <0.01
Femur BMD (g/cm’) 0.83 [0.56—1.09] 0.87[0.59-1.13] <0.01

TSH; Thyroid-stimulating hormone; fT5. Free triiodothyronine; fT,. free thyroxine; BMD: Bone mineral density; RAI: Radioactive iodine.

Table 2. Thyroid function tests before and after radioactive iodine treatment.

Before RAI Female Male p

TSH IU/mL 0.005 (0.004-1.01) 0.005 (0.002—0.015) NS
fT5 pmol/L 11.31+5.32 14.42+6.37 NS
fT, pmol/L 19.13 (11.45-73.49) 15.69 (10.58-41.93) NS
After RAI Female Male P

TSH IU/mL 1.22 (0.05-35.4) 1.03 (0.02-75) NS
fT; pmol/L 3.42 +0.94 3.48+1 NS
fT, pmol/L 11.32 (3.43-21.20) 11.40 (10.25-18.79) NS

TSH; Thyroid-stimulating hormone; fT;. Free triiodothyronine; fT4. free thyroxine; RAIL: Radioactive iodine; NS: Nonsignificant.

Table 3. Total vertebrae bone mineral density and total femur bone mineral density values before radio-

active iodine treatment.

Before RAI Female Male p
Total vertebrae T score (-) 1.40 [(-)2.5-2.5] (-) 0.60 [(-)2.5-1.5] NS
Total vertebrae Z score (-) 0.29+1.37 (-) 0.41+£1.26 NS
Total vertebrae BMD (g/cm’) 0.96 [0.64—1.43] 1.08 [0.86—1.34] NS
Total femur T score (-) 1.20 [(-)2.5-1.00] (-) 1.80 [(-)2.5— (-)0.5] NS
Total femur Z score 0.30 [(-)2.10-1.50] (-) 0.34 +0.70 NS
Total femur BMD (g/cm2) 0.8310.56-1.09] 0.84 (0.69-1.01) NS

BMD: Bone mineral density; RAI: Radioactive iodine; NS: Nonsignificant.
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Table 4. Total comparative vertebrae BMD and femur BMD values after RAI treatment.

After RAI Female Male p
Total vertebrae T score (-) 1.80 [(-)2.5-2.5] (-) 0.1 [(-)2.3-1.8] NS
Total vertebrae Z score (-)0.05+1.29 (-)0.04 £1.29 NS

Total vertebrae BMD (g/cm’) 0.97[0.76-1.43] 1.16 [0.89-1.37] NS
Total femur T score (-) 0.90 [(-)2.5-1.4] (-) 1.30[(-)2.4-0.10] NS
Total femur Z score 0.40 [(-)1-1.8] (-) 0.4 [(-)1-0.9] NS
Total femur BMD (g/cm’) 0.86 [0.59-1.13] 0.930.73-1.09] NS

BMD: Bone mineral density; NS: Nonsignificant.

DISCUSSION AND CONCLUSION

In this study, we evaluated the effects of RAI treat-
ment on BMD by DEXA in hyperthyroid patients.
The most common causes of hyperthyroidism are
GD, TMNG, and TA.® Of the patients included in
our study, 3 (7%) were GD, 24 (52%) were TA, 19
(41%) were TMNG. Note that there were more cases
with nodular goiter in our study. We think that this is
related to iodine deficiency in our region.
Hyperthyroidism affects many systems in the body.
One of the systems that it seriously affects is bone
structures. Patients with hyperthyroidism have in-
creased bone turnover and are at risk for osteoporo-
sis. Increased bone turnover causes bone formation
and destruction. Normalization of thyroid function is
associated with a decrease in bone turnover follow-
ing an increase in BMD. This condition is caused by
the direct effect of thyroid hormones on bone cells.’
In addition to histological changes in the bone cor-
tex, it has been shown that levels of osteocalcin,
alkaline phosphatase, bone specific alkaline phos-
phatase, urinary collagen pyridinoline, which are
biochemical parameters of bone resorption in-
creased, blood calcium levels were increased, and
parathyroid hormone (PTH) was suppressed. Moreo-
ver, suppressed serum PTH and increased calcium
levels had returned to normal levels after the twelfth
week of antithyroid treatment.® Biochemical param-
eters that show the bone metabolism of the patients
were not evaluated in our study. However, the clini-
cal complaints of the patients about bone metabo-
lism improved in parallel with the improvement in
thyroid hormone levels.

Von Recklinghausen first described hyperthyroidism
as an important risk factor for low BMD in 1891.
Many studies address this issue from different as-
pects afterward.”'”

BMD of women with hyperthyroidism in the repro-
ductive period was compared with healthy (non-
hyperthyroid) women in the reproductive period
after 1-year follow-up; a significant decrease in
BMD was found in women with hyperthyroidism
compared to the control group. "

In postmenopausal women with hyperthyroidism,
bone turnover increases and BMD decreases due to

this increase. It has been shown that BMD increases
when hyperthyroidism is treated.

Patients with hyperthyroidism have increased bone
turnover, negative calcium and phosphorus balance,
and moderate osteopenia.'® In studies with hyperthy-
roid patients showing improvement in the negative
mineral balance following antithyroid therapy, a
decrease was reported in thyroid function tests and
bone mobilization parameters during the first week
of treatment, but no significant change was reported
in BMD. However, at the end of 1 year, it was found
that the patients were euthyroid, bone and urine cal-
cium, phosphorus, alkaline phosphatase values im-
proved, and BMD increased.'™"* In parallel with
this study, it is worth noting that BMD partially im-
proved in our patients at the end of the 1 year.

In another study in which biochemical parameters
were studied; in untreated elderly male patients with
GD, it has been shown that, while fT4, TSH receptor
antibodies, and urinary N-terminal-telopeptide levels
increase, BMD of the lumbar vertebrae and femur
decreases more than in women."> Two of our three
patients with GD were found to have lower BMD
than normal levels.

Treatment of hyperthyroidism should be directly
correlated with the cause of the disease. For this
purpose, pharmacological treatment, surgical treat-
ment, and radioactive iodine therapy are applied.
Pharmacological treatment is not widely accepted
because of patient compliance, the long duration of
treatment, and the recurrence of the disease with
discontinuation of drugs. Although surgical treat-
ment is a widely accepted treatment option, it has
serious complications such as recurrent laryngeal
nerve injury and permanent hypocalcemia.'®

Some studies measure BMD in patients who under-
went surgical treatment. In one of these studies, pa-
tients who underwent subtotal thyroidectomy be-
cause of GD in the premenopausal period were fol-
lowed for three years. BMD values of patients in
remission and thyrotoxicosis and healthy premeno-
pausal women were compared. Mean lumbar and
femoral BMD values were found to be significantly
lower in the group with thyrotoxicosis compared to
the control group and significantly higher in the re-
mission group compared to the control group.'
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Majima et al. demonstrated a negative correlation
between TSH receptor antibodies and BMD in their
study on GD. In our study, TSH levels of the pa-
tients were evaluated, but TSH receptor antibodies
were not examined."” In our patient group, it was
found to be an improvement in BMD levels except
for the total vertebrac Z score while TSH levels
came to normal levels. In another study by Majima
et al., they divided male patients diagnosed with GD
with osteopenia and osteoporosis into two groups
receiving antithyroid and risedronate (antiresorptive
bisphosphonate) treatment and only receiving an-
tithyroid treatment. At the end of one year, BMD
values of the lumbar spine and distal radius were
measured, and significant improvement was found in
BMD in the first group.'®

Horst-Sikorska et al. showed that there was a nega-
tive correlation between low BMD and some of the
gene (Bsml, Apal, Taql, Fokl) polymorphism in
young women with GD in their study."” We didn’t
work on the gene.

Studies are showing the relationship between sub-
clinical hyperthyroidism and BMD. Lee et al. inves-
tigated the relationship between subclinical thyroid
dysfunction and BMD in their study. They compared
subclinical hyperthyroidism and euthyroid patients
and found a significant decrease in femur BMD,
whereas lumbar vertebrae BMD was not different.”’
Belaya et al. reported that subclinical hyperthyroid-
ism due to endogenous reasons decreased BMD in
postmenopausal patients with subclinical hyperthy-
roidism, but exogenous subclinical hyperthyroidism
had no effect on BMD.?! Another remarkable issue
in the literature is the studies investigating the effect
of thyroxine given in suppressive doses on BMD. In
the study by Baldini et al., the effects of thyroxine
treatment with suppression dose on BMD were in-
vestigated in patients with benign nodular goiter.
Patients who received and did not receive thyroxine
treatment were compared. There was no significant
change in BMD between these two groups. They
concluded that there is no significant change in
BMD as thyroxine treatment slightly suppresses
TSH.* However, the main purpose of our study is
to ensure the normalization of TSH levels.

In some studies; in patients who received antithyroid
medication for hyperthyroidism, Safi et al. and Ock
et al. found that BMD decreased in patients with
active hyperthyroidism and partial improvement was
achieved when euthyroidism was achieved with
treatment.'*” Obermayer et al. followed patients
with hyperthyroidism in the postmenopausal period
after RAI treatment for two years in terms of BMD.
They reported that initially very low BMD values
increased by 6.5% at the end of two years, but ini-
tially normal BMD values decreased by 4.3%. At the
end of the study, it was thought that there may be

Huri Tilla Ilce

individual differences in bone loss due to increased
bone turnover and BMD after RAI treatment in pa-
tients with postmenopausal hyperthyroidism.** Faber
et al. evaluated BMD 2 years after RAI treatment in
their study on postmenopausal women with nodular
goiter and subclinical hyperthyroidism. At the end of
two years, they found an increase in femur BMD
and vertebrae BMD and concluded that when serum
TSH values return to normal levels with RAI treat-
ment, bone loss can be prevented at least for two
years.” When the BMD values of the patients in our
study before and after the RAI treatment were com-
pared; we found that total vertebrae T-score [(-) 1.15
— (-) 0.85], vertebraec BMD (g/cm?) [0.99 — 1.03],
total femur T-score [(-) 1.30 — (-) 1.0], total femur
Z score [0 — 0.30], femur BMD (g/cm?) [0.83 —
0.87] values increased and total vertebrac Z score
[0.33 — 0.04] decreased. These changes were statis-
tically significant (p <0.05).

In the few studies with RAI treatment, for instance,
the study by Aziz et al. it is reported that short-term
results of RAI treatment achieved equal success with
antithyroid treatment, but hypothyroidism may de-
velop due to RAI treatment in the long term; there-
fore, long-term follow-up of patients is required. It is
claimed that there is no significant difference be-
tween antithyroid therapy and RAI treatment in
terms of its effects on BMD.*®

Pia Nicolaisen et al. compared to a healthy control
group, hyperthyroid women had lower volumetric
BMD, lower estimated bone strength, and compro-
mised cortical microarchitecture in the radius with
high resolution peripheral quantitative computed
tomography. After the restoration of euthyroidism,
they found significant improvements in volumetric
BMD and cortical microarchitecture.”’

Dragos Apostu et al. have investigated clinical trials
and meta-analyses from 2002 until 2020. And con-
cluded thyroid disorders had an important impact on
bone metabolism and fracture risk, such that hyper-
thyroidism, hypothyroidism, and subclinical hyper-
thyroidism were associated with a decreased BMD
and increased risk of fracture. On the other hand,
they also found subclinical hypothyroidism, was not
associated with osteoporosis or fragility fractures,
and subclinical hyperthyroidism treatment with RAI
could improve bone health.”®

Pedro Weslley Rosario, in a study in which he stud-
ied 36 patients one year after RAI therapy to evalu-
ate "'l therapy in elderly patients with subclinical
hyperthyroidism due to nodular disease, the patients
in whom TSH returned to normal, femoral and lum-
bar spine BMD increased by 1.9% and 1.6%, respec-
tively, in average and found that resolution of sub-
clinical hyperthyroidism has beneficial effects on
BMD in postmenopausal women with osteopenia.*’
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Kansara et al. evaluated the effect of the antithyroid
drug and RAI treatment on bone mineral content
using DEXA and body composition using the bioim-
pedance method in hyperthyroid patients. They
found bone mineral content at lumbar spine and
femoral neck improved with both the therapies simi-
larly at the end of 1 year. The body weight, protein,
and fat content also increased after 1 year of obser-
vation similar between the two groups. None of the
observed parameters showed a difference about the
mode of the antithyroid drug.*

However, it is known that the frequency of side ef-
fects in patients receiving antithyroid therapy, com-
pliance problems may occur, and close follow-up is
required. For these reasons, it should be remembered
that treatment may fail. As a result, there is no prob-
lem of compliance with the treatment in patients
who receive RAI treatment, and their follow-up is
done at longer intervals.

The improvement in clinical conditions of the pa-
tients in our study and the positive changes in BMD,
except for the total vertebrae Z score, are consistent
with the literature.

The strengths of our study include robust follow-up
at a single center. However, our study has certain
limitations, including a small sample size and a lim-
ited follow-up period of 1 year. Further long-term
studies are needed to confirm the observed findings
and prospective and more comprehensive studies are
needed to make a clearer decision.

In conclusion, radioactive iodine therapy can be ap-
plied successfully in selected patients with hyperthy-
roidism. The decrease in BMD during hyperthyroid-
ism improves after RAI treatment. The results are
consistent with the current literature.
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