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ABSTRACT

Background: Although hyperthyroidism is associated with high turnover osteopenia and its recovery after
treatment, the extent of recovery with different forms of therapy remains controversial. This prospective
study evaluated the bone mineral density in thyrotoxic subjects undergoing total thyroidectomy and 3'I
radioactive iodine therapy.
Methods: Newly diagnosed subjects with hyperthyroidism undergoing total thyroidectomy (group 1;
n=127) and I radioactive iodine therapy (group 2; n=30) were evaluated for bone mineral density
by dual energy x-ray absorptiometry at the time of diagnosis (point A), on achieving euthyroidism with
antithyroid drugs (point B), and 6 months after definitive treatment (point C).
Results: In group 1, bone mineral density (expressed as g/sq cm; mean + standard deviation) in the hip
(0.842 + 0.157) and spine (0.97 + 0.155) at point A, improved at point B (hip, 0.853 + 0.157 and spine,
0.982 + 0.155), and further improved at point C (hip, 0.91 4+ 0.158 and spine, 1.053 £ 0.161, each P <
.001). In group 2, at point C, bone mineral density in the hip (0.761 & 0.168 versus point A, 0.741 +
0.146) and spine (0.831 + 0.159 versus point A, 0.823 + 0.158) were less than group 1 (each P < .01).
Conclusion: Bone mineral density improved significantly after all forms of treatment of hyperthyroidism
and was greatest in lumbar vertebrae (8.6%) as early as 6 months after total thyroidectomy. The delayed
recovery of bone mineral density after 3'I radioactive iodine therapy needs long-term evaluation.

© 2018 Elsevier Inc. All rights reserved.

Introduction

multinodular goiter. The treatment options for both these disorders
include antithyroid drugs (ATDs), 1311 Radioactive iodine (RAI) ther-

Hyperthyroidism is a well-known cause of accelerated bone
turnover resulting in decreased bone mineral density (BMD), os-
teoporosis, and increased risk of fracture.!~> Several studies have
shown that treatment of thyrotoxicosis is associated with recov-
ery of BMD and decreased risk of fracture."*6 The most com-
mon cause of hyperthyroidism is Graves’ disease, followed by toxic
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apy, and operative management with near total or total thyroidec-
tomy (TT).” Although treatment is associated with the improve-
ment of BMD, the differences in the degree of recovery of BMD
at different skeletal sites (trabecular versus cortical) with differ-
ent forms of treatment of hyperthyroidism remains unclear. Some
studies have shown failure of complete recovery of BMD loss as-
sociated with hyperthyroidism and persistence of osteopenia even
beyond 1 to 4 years of treatment with either ATDs or RAI therapy,
especially in postmenopausal women."®° In contrast, complete re-
covery of BMD has been reported when remission is achieved
after operative management of hyperthyroidism with subtotal thy-
roidectomy in premenopausal women.!® Consistent with this ob-
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servation, we demonstrated previously decreased BMD at all three
sites, namely hip, spine, and forearm in 40 subjects with untreated
hyperthyroidism and rapid restoration of BMD as early as 6 months
after operative management with TT.!" There is paucity of data,
however, with regard to the differences in the extent of recovery
of BMD in subjects with hyperthyroidism after RAI therapy versus
those undergoing TT.

In this study, we aimed to evaluate the effect of TT versus RAI
therapy on the recovery of BMD in the hip and spine using dual
energy x-ray absorptiometry (DEXA) in subjects with hyperthy-
roidism.

Materials and Methods

Newly diagnosed patients with overt hyperthyroidism (n=159)
admitted in the unit of Endocrine Surgery, Department of Gen-
eral Surgery, Government Mohan Kumaramangalam Medical Col-
lege Hospital and SKS Hospital (both in Salem, India) from Septem-
ber 2014 to August 2017 were enrolled in this study. Institutional
ethical clearance and informed consent were obtained.

All the subjects had a thorough physical examination and blood
investigation with a complete hemogram, thyroid profile, and liver
and renal function. Serum levels of 25-hydroxy vitamin D (ref-
erence for deficiency < 25 nmol/L; insufficiency 25-75 nmol/L;
sufficiency, 75-175 nmol/L; toxic > 250 nmol/L), alkaline phos-
phatase (32-90 IU/L), and corrected calcium (reference range:
2.12-2.62 mmol/L) were measured serially. Diagnosis of hyperthy-
roidism was based on the increased levels of total triiodothyro-
nine, free tetraiodothyronine [reference range: 0.79-2.2 ng/dl], and
suppressed thyroid stimulating hormone (TSH) [reference range
0.3-5.5 mIU/L]. The etiology of hyperthyroidism was based on
the clinical manifestation of Graves’ disease, increased levels of
thyroid autoantibody, increased radiotracer activity of the thyroid
gland in 9*™Technetium pertechnetate thyroid scintigraphy, and fi-
nal histopathology.

Patients with medical causes of low BMD, such as long-term
steroid therapy, immunosuppressive therapy, malignancy, chronic
liver and kidney diseases, and primary hyperparathyroidism, were
excluded. Subjects aged > 70 years, smokers, alcoholics, and pa-
tients on antiresorptive agents were also excluded.

Group 1 subjects (Surgery - Total Thyroidectomy)

Group 1 included subjects with hyperthyroidism with one
or more of the following indications for TT: large-volume goi-
ter, pressure symptoms, Graves’ ophthalmopathy, presence of car-
diovascular dysfunctions, ultrasonography/cytology suspicious for
malignancy, patients planning for pregnancy, noncompliance to an-
tithyroid drugs, patient preference for TT, and logistic reasons.
These subjects were treated with the antithyroid drug carbimazole
(10-60 mg/day) with or without beta adrenergic blockers (propra-
nolol 40- 160 mg/day in 3 divided doses) and dosage titrated with
thyroid profile every 4 to 6 weeks.

On achieving euthyroidism, TT was the procedure of choice by
institutional protocol and was performed by the same members of
the surgical team with uniform techniques. Postoperatively, a re-
placement dose of levothyroxine was administered.

Group 2 subjects (RAI)

Subjects with hyperthyroidism who preferred RAI therapy were
included in group 2. Pregnancy, lactation, and moderate to se-
vere Graves’ orbitopathy were contraindications. The S-adrenergic
blocking agent propranolol (40-160 mg/day in 3 divided doses)
was given for amelioration of symptoms. An empiric fixed dose
of 13! radioactive iodine therapy of (15 mCi) was administered.

A few subjects received ATD, carbimazole (10-60 mg/day) tailored
to clinical needs, which was withdrawn on achieving euthyroidism
or hypothyroidism, and an appropriate dose of levothyroxine was
started.

Hypovitaminosis D in both groups was treated with an oral
dose of cholecalciferol 60,000 IU weekly for 8 weeks or until suffi-
ciency.

Densitometry

BMD measures the bone mass adjusted for the projected area of
the region scanned but not its depth and is expressed in gram per
square centimeter (g/cm?). BMD was determined by DEXA with
the bone densitometer model, Discovery Wi, v 4.0.2 (HOLOGIC
Inc, Bedford, MA, USA). The instrument was equilibrated against
a phantom daily, according to the manufacturer’s instructions. The
regions of interest were measured as per the manufacturer’s spec-
ification. The BMD spine measured the bone density in the lum-
bar vertebrae L1-L4; the BMD hip was measured at the neck,
trochanter, and Ward’s triangle of femur on both the sides. The
BMD was determined at the time of diagnosis of hyperthyroidism
(point A), on achieving euthyroidism with antithyroid drugs (point
B), and 6 months after definitive treatment (point C) by either TT
or RAI therapy as per the case. In group 2, BMD was not deter-
mined at point B because RAI was administered early in the course
of the disease, and only 4 subjects received ATDs before RAI ther-
apy. The absolute value of BMD was used to assess the percent
change in BMD at different time points.

Statistical analysis

Data were expressed as mean =+ standard deviation. Statistics
were analyzed with SPSS software v 20.0 (IBM Corp, Armonk, NY,
USA). Independent ¢t tests, Pearson tests, and Spearman tests of cor-
relation were used where appropriate. A two-way repeated mea-
sures ANOVA, using the general linear model with a Bonferroni
method, compared the mean difference between the groups and
within the group at multiple time points. A P value < .05 was con-
sidered statistically significant.

Results

We studied a total of 159 subjects, including 63 men and 96
women with mean age of 39 + 11 years. The clinicopathologic data
of the 2 groups are included in Table 1. Group 1 (TT) consisted
of 129 subjects (M:F, 59:70; age, mean + SD, 37 £ 10 years; me-
dian, 35; mode, 27; range, 22-61 years) who underwent TT after
antithyroid medication for a mean duration of 3.2 £+ 1.1 month. On
histopathologic examination, group 1 (TT) comprised 88 patients
with Graves’ disease, 39 with toxic nodular goiter, and 2 with
papillary thyroid carcinoma. These 2 cases of incidental papillary
thyroid carcinoma, including 1 male and 1 female, required 3]
RAI ablation of the remnant, followed by TSH suppressive therapy,
and therefore were excluded from the study. Preoperatively, 9%
of patients (n=12) and postoperatively, 36% patients (n=46) had
symptomatic transient hypocalcemia and received oral calcium car-
bonate (0.5 to 2 g/day) for a mean of 21 + 4 days. Group 2 (RAI)
included 30 subjects (n=30; M:F, 58:69; age, 46 &+ 15 years; me-
dian, 52; mode, 56; range, 15-65 years) who received RAI therapy;
none of them required a second dose of RAI therapy either for per-
sistence of hyperthyroidism or relapse. At 6 months post-RAI ther-
apy, 22 subjects (73%) developed hypothyroidism and were given
appropriate doses of levothyroxine to maintain euthyroid state; 17%
(n=5; M:F=1:4) who had hypocalcemia received calcium supple-
ments.
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Table 1
Clinicopathologic features of group 1 and 2 subjects.
Parameters Group 1 (surgery) (n=127)  Group 2 (RAI) (n=30) P value
Age (years) 37.08 + 9.8 4547 + 14.8 .006
Sex M:F 58: 69 4: 26 .001
Weight (kg) 5217 £ 2.3 60.7 + 114 <.001
Duration of hyperthyroidism (months) 7.4 + 5.7 5.63 + 2.1 .099
Free tetraiodothyronine ng/dl 522 +23 49 + 2.05 < .001
Thyroid stimulating hormone mIU/L 0.010 + 0.017 0.025 + 0.035 .033
Serum calcium mmol/L 2.28 + 0.15 229 + 018 910
Serum 25-hydroxy vitamin D nmol/L 60.75 + 26 54.2 £+ 22 207
Serum alkaline phosphatase IU/L 142.8 £ 708 141.96 + 62.8 .947
Table 2
Bone mineral density (BMD) in group 1 (surgery) at multiple time points.
Bone mineral density Point A Point B Point C P value
Aversus B Bversus C A versus C
BMD Hip in g/sq cm 0.842 +£ 0157 0.853 £ 0.157 0.910 +£ 0.158 < .001 < .001 < .001
BMD spine in g/sq cm 0970 + 0155 0982 + 0.155 1052 £ 0.162 < .001 < .001 < .001
Point A-At the time of diagnosis of hyperthyroidism.
Point B-At the time of achieving euthyroid state with antithyroid drugs.
Point C-At 6 months after definitive treatment either TT or RAI therapy in groups 1 and 2, respectively.
Table 3
Bone mineral density (BMD) in group 2 (RAI) before and 6 months after BMD HIP
RAI therapy. 1.0
Parameter Point A Point C P value ’ PE0:001
BMD hip in g/sq cm 0.741 £ 0146  0.761 + 0.168  .008
BMD spine in g/sq cm  0.823 £ 0.159  0.831 + 0.159  .001

Point A-At the time of diagnosis of hyperthyroidism.
Point C-At 6 months after RAI therapy.

In group 1 (TT), the BMD in the hip and spine were 0.842 +
0.157 g/cm? and 0.97 + 0.155 g/cm?, respectively at point A. At
point B, BMD in the hip (0.85 + 0.16 g/cm?) and spine (0.98 =+
0.16 g/cm?) improved and further improved at point C (hip, 0.91 +
0.16 g/cm? and spine, 1.05 + 0.16 g/cm?2, each P < .001). In group 2
(RAI), BMD at point A were 0.74 + 0.15 g/cm? (versus point C, 0.76
+ 0.17 g/cm?2, P=.008) in the hip and 0.82 + 0.16 g/cm? (versus
point C, 0.83 + 0.16 g/cm2, P=.001) in the spine, respectively. At
point C, BMD in the hip and spine was greater in group 1 than in
group 2 subjects (each P < .001). The improvement in the BMD at
different time points during treatment of hyperthyroidism in group
1 and 2 are presented in Tables 2 and 3, respectively. At point C,
the percent increment in the BMD hip was 8.4% after TT versus
2.3% post-RAI and was 8.6% post-TT versus 0.9% post-RAI therapy
in the spine. The differences in age and sex were statistically sig-
nificant between the two groups, based on an independent ¢t test.
Moreover, the study design was unbalanced with unequal numbers
in each arm (ie, 127 subjects) in group 1 (TT) versus 30 subjects in
group 2 (RAI). Therefore, the general linear model was used to cor-
rect the unbalanced study design. Also, age and sex adjustments
were included in this model. The results are tabulated in Table 4.
The two-way repeated measures ANOVA with a Greenhouse-
Geisser correction revealed that the mean BMD in the hip and
spine increased from point A to point C in both groups (each
P < .001) and more pronounced in group 1 (TT), as shown in Figs 1
and 2. Post hoc tests, using the Bonferroni correction, revealed that
the two groups were different (P < .001). The use of a two-way or
two-factor repeated measures ANOVA was useful when we mea-
sured a dependent variable (BMD in our study) over two or more
time points, or when subjects had undergone two or more condi-
tions (ie, TT versus RAI therapy). The two factors are “time” and
“conditions.” Thus, we can conclude that TT elicited a greater in-
crement in BMD than in RAI therapy as early as 6 months after
definitive treatment of hyperthyroidism, both in the hip and spine.

Mean(SE)

Time of Diagnosis  Post treatment (6month)

Fig 1. The mean bone mineral density (expressed as g/sq cm) in the hip increased
significantly after treatment of hyperthyroidism with surgery compared with RAI
therapy.

BMD SPINE

Mean(SE)

Y
&

Post treatment(6month)

Time of Diagnosis

Fig 2. The increase in mean bone mineral density ([BMD] expressed as g/sq cm) in
the spine from the time of diagnosis of hyperthyroidism to 6 months posttreatment
was higher in subjects undergoing surgery compared with RAI therapy.
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Table 4

The two-way repeated measures ANOVA*.
Parameters Time points Group 1 (surgery) (n=30)  Group 2 (RAI) (n=30) P value
BMD hip in g/sq cm Point A 0.875 + 0.146 0.741 + 0.146 < .001
BMD hip in g/sq cm Point C 0.941 + 0.140 0.761 + 0.168 < .001
BMD spine in g/sq cm  Point A 1.011 + 0.165 0.823 + 0.158 < .001
BMD spine in g/sq cm  Point C 1.094 + 0.167 0.830 + 0.159 < .001

Point A-At the time of diagnosis.

Point C-At 6 months after definitive treatment for hyperthyroidism.
* Using the general linear model. The Bonferroni method measured the dependent variable bone mineral
density (BMD) between groups 1 and 2 over 2 time points

Age correlated inversely with BMD in the hip (r=-0.459,
P=.001) and spine (r=-0.497, P=.001). TSH (r=0.238; P=.002)
and weight of the patient (r=-0.32; P=0.001) correlated with pre-
operative BMD. Sex, duration of hyperthyroidism, and 25-OH vita-
min D levels did not correlate with BMD.

Discussion

The present study demonstrated that the BMD was decreased
in subjects with untreated hyperthyroidism and all forms of treat-
ment, including ATDs, RAI therapy, and TT, were associated with
significant recovery of BMD in the hip and spine. The extent of
recovery of BMD was greater after operative treatment with TT
compared with RAI therapy for hyperthyroidism. At 6 months after
TT, the percent increment of BMD was greatest in the lumbar ver-
tebrae at 8.6%, followed by the femur at 8.4%. This improvement
is consistent with our previous report,'" which demonstrated the
greatest recovery of BMD in the lumbar vertebrae (8.3%), followed
by hip (7.6%) and forearm (3%) in subjects with overt hyperthy-
roidism within 6 months after TT. In contrast, group 2 subjects
at 6 months post-RAI therapy displayed smaller increases in the
BMD at the hip (2.3%) and a marginal increment of 0.9% in the
lumbar vertebrae. Vestergaard et al? and others 312~ had demon-
strated persistence of an increased risk of fracture in subjects who
received RAI therapy alone for hyperthyroidism, which agrees with
our observation; however, there is a paucity of evidence regard-
ing improvement of BMD after RAI therapy among Indian subjects
with hyperthyroidism. In the present study, there was a greater
incidence of thyroid dysfunction after RAI therapy and 77% de-
veloped subsequent hypothyroidism. Evidence supports a tempo-
ral decrease in BMD in hypothyroidism,> and a lag time of 5 years
or more is required for return of normal bone turnover and full
restoration of BMD.

The rapid and near complete recovery of BMD after TT may be
explained by the fact that complete remission is achieved within
a few days after surgery. With the return of the euthyroid mi-
lieu, normal bone turnover resumes, and bone remodeling space
expands with subsequent increases in BMD to normal levels. In
contrast, remission is delayed by several months after RAI therapy.
The release of preformed thyroid hormone after RAI therapy from
the damaged thyroid follicles for a variable duration of time re-
sults in the persistence of the thyrotoxic milieu, and subsequently
hypothyroidism. In addition, calcium and vitamin D supplementa-
tion in 36.2% of group 1 subjects postoperatively may be a reason
for improved BMD.

The lumbar vertebra, being a trabecular bone, has a greater ac-
tivation frequency and a larger number of bone remodeling units
and, therefore, reflects the changes in the bone turnover.”” This
could be a plausible explanation for the observed differences be-
tween the groups (ie, rapid and full restoration of lumbar BMD af-
ter TT and a smaller increment post-RAI therapy).

Mosekilde et al'?> and others® showed that hyperthyroidism
aggravated age-related bone loss. The decrease in BMD with in-
creasing age may be attributed to the irreversible bone loss at-

tributable to a net negative bone balance per remodeling cycle in
elderly subjects with smaller anabolic reserve (estrogen and, per-
haps, growth hormone). Thus, inclusion of older subjects, espe-
cially postmenopausal women, could have contributed to the lesser
BMD values observed in group 2 at all the time points compared
with group 1, which comprised young men and premenopausal
women. In support of this observation, many investigators'®!” have
reported greater bone loss with advancing age in postmenopausal
women than in premenopausal women.

Our study has some limitations. Our study design was unbal-
anced, with unequal numbers in each arm. Wide availability of sur-
gical expertise (free of cost in government health schemes), less
frequent visits and testing for thyroid profile monitoring, and lim-
ited availability of RAI therapy (except in a few designated cen-
ters) combine to make TT a cost-effective and logistically appeal-
ing option for young economically productive patients. In contrast,
elderly subjects who have comorbidities often preferred nonoper-
ative management with RAI Differences in the age and sex of the
study subjects could have contributed to the observed variations
between the groups; however, adjustments for age and sex were
made in the general linear model of statistical analyses. Our study
was short-term, with a follow-up of 6 months only. A long-term
prospective follow-up of 4 years or more after remission may re-
veal more recovery of bone indices after RAI therapy. The study
examined only the hip and spine. Inclusion of the forearm radius,
a cortical bone, would bring out the difference in the recovery be-
tween cancellous and cortical bone. A large-scale, randomized con-
trolled trial with three arms, including hyperthyroid subjects on ei-
ther ATDs alone, RAI therapy, and TT with long-term follow up of
1 to 4 years would uncover the true differences in the rate and
extent of BMD recovery with each form of treatment. Differences
in the ethnicity, vitamin D status, and patient’s preference for TT
versus RAI therapy may be specific to our population and could
have contributed to some of the observation. Therefore, a similar
validation in other worldwide populations may be required. Eval-
uation of BMD Z scores, which is units of standard deviation from
age-, sex-, height-, and weight- adjusted means may produce more
accurate results and may help decrease bias.

In conclusion, our study demonstrated that BMD improved sig-
nificantly after all forms of treatment of hyperthyroidism. The re-
covery of BMD was greatest in subjects undergoing TT, especially
in the lumbar vertebrae. Rapid and near complete recovery of BMD
as early as 6 months after TT supports TT as the definitive treat-
ment of choice for hyperthyroidism. Incomplete recovery of BMD
post-RAI therapy needs further long-term evaluation.
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Discussion

Dr David Schneider (Madison, WI): 1 was surprised that you
saw a difference in the bone density as early as 6 months.

How did you handle patients that had either transient or per-
manent hypoparathyroidism? And would your results have been
even more dramatic if you had excluded anyone that had even just
transient hypocalcemia?

Dr Poongkodi Karunakaran: Yes. Our study showed that bone
mineral density improved significantly within 6 months after total
thyroidectomy compared with RAI therapy, in subjects with hyper-
thyroidism.

We found that 18.5% of the subjects who underwent total
thyroidectomy developed transient hypoparathyroidism and were
treated with calcium supplements and calcitriol for 2 to 3 weeks.
Among subjects who underwent radioactive iodine therapy, 10%
had hypocalcemia and were also treated with calcium supple-
ments. All of them were included. In addition, the level of 25-
hydroxy vitamin D was in the insufficient range, among 80% of the
subjects in both the groups. We had corrected vitamin D deficiency
with weekly doses of 60,000 IU of cholecalciferol for 8 weeks in
both the groups in the early phase of the study. Therefore, that
should not have contributed to the observed variation.

Dr David Schneider (Madison, WI): For those patients, there
was no difference in the bone density response? You excluded
those?

Dr Poongkodi Karunakaran: Almost 80% of the subjects en-
rolled in our study had vitamin D deficiency and we had corrected
that with vitamin D in the early part of the treatment. They were
not excluded.

Dr Mark Cohen (Ann Arbor, MI): Very nice talk and very inter-
esting study. Did you look at whether you had a complete ablation
in the patients that had radioactive iodine? If you didn’t have com-
plete ablation, maybe that could be contributing to why your BMD

L))

Crcates.
improvement was not as robust as with total thyroidectomy. Did
you measure any thyroglobulin levels postablation?

Also, the elderly nature of the patients receiving the radioactive
iodine could have contributed to their lag in BMD recovery com-
pared to the younger cohort.

Dr Poongkodi Karunakaran:

Yes, I agree with you. Subjects included in group 2, who under-
went RAI therapy, were often elderly female subjects. This is one
of our limitations. Advancing age could have definitely contributed
to this lag in BMD recovery, although we included age adjustments
in our statistical analysis.

Dr Mark Cohen (Ann Arbor, MI): Are you sure you had com-
plete ablation with radioactive iodine?

Dr Poongkodi Karunakaran: Yes. Our Indian subjects are rela-
tively thinner and smaller when compared with the Western pop-
ulation. We used high-dose radioiodine ablation, and 22% of our
subjects developed hypothyroidism within 3 months’ time. None of
them had a relapse of hyperthyroidism nor they did they require
a second dose. However, many subjects still required antithyroid
drugs for 3 to 6 months after RAI therapy.

Dr Christina Maser (Fresno, CA): Was there a difference in the
time to euthyroidism between the two groups?

Dr Poongkodi Karunakaran: The subjects who underwent thy-
roidectomy were started on a replacement dose of thyroxine on the
second postoperative day. So, they achieved euthyroidism quickly.
On the other hand, the time to achieve euthyroidism was relatively
prolonged in those undergoing radioactive iodine therapy. Many of
them required antithyroid drugs for 3 to 6 months even after RAI
therapy, thus the duration of hyperthyroidism was more prolonged
in these cases. That could be a reason for the lag in BMD recovery
after RAI therapy.
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