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Objective: The objective of this study was to optimize dose of levothyroxine (LT4) based on lean body mass (LBM) in young
athyrotic patients with differentiated carcinoma of thyroid (DCT) which has not been properly addressed in Bangladesh before.
Materials and Methods: Sixty patients with DCT (age, range: 20-39 years) having total thyroidectomy followed by radioiodine
ablative therapy (RIT) and 23 euthyroid volunteers were recruited. Clinical, biochemical parameters were obtained from all patients
after 2 months of RIT and on LT4 replacement at a dose of 200 pg/day as first follow up visit and also from control subjects. Then
60 patients were divided into two groups consisting of 30 patients each. Patients of Group-| received LT4 replacement based on
LBM measured by dual energy X-ray absorptiometry (DXA) and Group-Il continued LT4 replacement in conventional dose. Patients
of both groups were assessed again for same parameters at 6 to 12 months at the second visit. Results: Optimized dose of LT4
based on LBM by DXA (131 + 23 pg/day) significantly reduced thyroid hormones and kept thyroid stimulating hormone (TSH) in
expected levels in patients of Group-| at the second visit compared to patients of Group-Il who continued conventional LT4 dose
(200 pg/day). Hyperthyroid symptom scale (HSS) was significantly reduced to 2 + 1 in patients of Group-I but not in patients of
Group-Il, HSS, 8 £ 1 (P < 0.001). Conclusion: Optimization of LT4 dose based on LBM can avoid chronic exposure of mild excess

of thyroid hormone in young patients with low risk DCT.
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INTRODUCTION

Patients with differentiated carcinoma of thyroid (DCT)
receive lifelong levothyroxine (LT4) replacement
therapy after undergoing total thyroidectomy and
subsequent radioiodine therapy (RIT). LT4 is given in
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thyroid-stimulating hormone (TSH) suppressive dose to
keep the patients in subclinical hyperthyroid state because
low-level TSH prevents development of metastases by
lowering the stimulus for cellular growth.!" Long-term
administration of LT4 in TSH suppressive dose in
patients with DCT has some ill effects on heart, impairs
quality of life and psychometric functionality.?"l In a
study, it has been shown that individual requirement
of LT4 supplement is mostly dependent on lean body
mass (LBM) rather than total body weight as fat mass
of body does not contribute in T4 metabolism.I'"*!]
The objective of the present study was to optimize the
dose of LT4 depending on LBM and thereby reducing
the side effects of chronic overdose of LT4 therapy on
patients with DCT of the low-risk group.
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MATERIALS AND METHODS

Sixty patients with DCT of the low-risk group
(T1, NO, and MO)!" between the age range of 20 and
39 years were consecutively enrolled in this prospective
case-control study. All patients were diagnosed as papillary
carcinoma of thyroid on histopathological examination.
Patients with any signs of metastases, previous cardiac
problems, and chronic disease were excluded. All patients
had undergone total thyroidectomy and then received
about 100 mci RIT and subsequently 200 ug LT4 daily
for initial 2 months. Age, weight, height, body surface
area (BSA), body mass index (BMI), and life style-matched
23 healthy euthyroid volunteers were also recruited as
the control group. Each participant of the study was
explained about the risk and benefit of the present study
before participation and informed consent was collected
in Bangla language. Clinical and biochemical parameters of
control subjects were obtained to compare with patients
with DCT after 2 months of RIT and on LT4 replacement
on conventional 200 ug/day at first follow-up visit. Then
60 patients were divided into Group-I and Group-11, each
group consisting of 30 patients. Thirty patients of Group-I
had undergone dual energy X-ray absorptiometry (DXA)
investigation to estimate their LBM (GE Health care,
Lunar Prodigy Advance PA + 301470 at whole body
version) at first follow-up visit. The study subject’s body
weight and height were measured. BMI was calculated by
weight/ (height) *(kg/m?). (Calculation of BSA =Total body
weight (kg) 0.425 X Ht (m) 0.725 % 0.007184)." Then, total
body mass is calculated by DXA as follows: Total body
weight (TBW) = total bone mineral concentration (BMC)
+ total fat mass (FM) + total lean mass. Thereby, lean body
mass (LBM) = the total body mass —(total fat mass + total
BMC) was obtained by above formula [Figure 1].1+17%)
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Figure 1: Whole body DXA for lean body mass of a 25-year-old female
patient with DCT

After 2 months of RIT, the patients of Group-I received
LT4 dose depending on LBM (mean, 131 + 23 pg/day,
3.5-4.0 ug/kg/LBM/day). After 3 months of this dosing,
hormone assessment were done to see the adjustment.
However, patients of Group-II continued the conventional
fixed dose of LT4 (200 pg/day). Thereafter, patients
of both groups were assessed by hormone estimation.
Serum TSH concentration was measured by ultra-sensitive
immunoradiometric IRMA). Normal reference value of
serum TSH is 0.3-5.0 mIU/L. Serum FT3 was measured
by the radioimmunoassay (RIA) method. The euthyroid
reference range of FT3 is 2.8-9.5 pmol/L. Serum FT4
was determined by RIA. The normal range of FT4 is
9.5-25.5 pmol/L.

Hyperthyroid symptom scale (HSS) is a potentially
useful scale to assess the severity of known hyperthyroid
symptoms and their response to therapy. HSS is an observer
rated scale, which includes 10 items of clinical features of
hyperthyroidism.”” Every control subjects and patients were
evaluated according to HSS and biochemical parameters
were obtained at the first visit and patients of both groups
were evaluated after 6-12 months at the second visit.

Statistical analyses

Two-tailed unpaired Student’s 7 test was used to compare
basal data between control subjects and patients. One-way
ANOVA was used to compare all the clinical and hormone
data between patients of Group-I and Group-II at the
first visit and the second visit and between two visits. The
post hoe covariates were analyzed at Tukey’s HSD (honestly
significant difference) test. Statistical analysis was performed
by using SPSS, version 13 software packages for windows.
Data were expressed as mean £ SD. A probability (P) value
less than 0.05 was considered statistically significant.

REsuLTs

There were no significant differences between patients
and control subjects in terms of age, height, weight,
BSA, and BMI (P > 0.05) [Table 1]. The mean age of
control subject was 30 £ 5 yrs (range, 20-39 yr), which did
not differ significantly with patient group of 28 * 6 yrs
(range, 20-39 yrs) (P> 0.05) [Table 1].

Subjects of the control group had height ranging from
145 to 168 cm and in the patient group ranging from 139
to 170 cm. Control subjects and patients had comparable
mean weight in the present study, the control group, range:
40-63 kg and in the patient group, range: 33-70 kg, Control
subjects and patients had similar sedentary lifestyle. Control
subjects had BMI, range: 17-26 kg/m? and the patient group
showed similar BMI, range: 15-31 kg/m* Comparable
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weight and height in control subjects and patients groups
in the present study showed similar BSA (control subjects,
range: 1.32-1.72 m? patients, range: 1.18-1.8 m?).

LBM was measured in each patient of Group-1. Comparative
TBW and LBM of patients of Group-1 were shown in
Figure 2. Control subjects showed serum FT3, FT4, and
TSH within normal reference ranges. All patients who
received LT4 on conventional dose (200 Mg/ day for initial
2 months) showed high FT3, FT4, and suppressed TSH.
Significant differences (P < 0.001) were noted where
hormone status compared between control subjects and
patient groups [Table 2].

For keeping the patients with DCT at low TSH level
(0.04-0.1 mIU/L) and within normal ranges of FT3
and FT4, the dose of LT4 was optimized on the basis
of LBM of each patient of Group-I after the first visit.
After 3 months, the repeat hormone assay of Group-I
patient showed normal thyroid hormone levels and
expected TSH level (0.1 £ 0.01 mIU/L). The mean
dose of LT4, 131 £ 23 ug/day, range: 120-220 pg/day,
3.5 to 4 ug/kg/LBM was found optimum. Patients of
Group-1 showed high serum FT3, FT4, and low TSH
when they were on conventional dose of L'T4 at the first
visit. After optimization of dose of LT4, hormone levels
became normal and the TSH level was increased in patients
of Group-l at the second visit. Serum FT3 and FT4
values were higher and TSH was suppressed in patients
with DCT of Group-II, who continued conventional
LT4 dose (200 pg/day) compared to healthy control
subjects and patients with optimized dose of LT4 of
Group-I at the second visit [Tables 1 and 3]. Significant
differences (P < 0.05) were noted in hormone levels of
Group-I and Group-II at the second visit.

Regarding HSS, score was significantly higher in patients
with DCT compared to control subjects. HSS and heart
rates were significantly higher in Group-1I compared
to control subjects and patients of Group-l at the
second visit [Table 1]. HSS showed a significant clinical
improvement of patients who received optimized dose of
L'T'4 at the second visit [Table 3].

DiscussioN

DCT are potentially curable cancers. Properly
treated patients with DCT have almost normal life
expectancy.'>*?? In young patients with DCT, total
thyroidectomy and RIT may ensure a survival rate of
more than 95% at 30 years.”) Subsequent follow up
strategies and prognosis vary according to the patient’s
individual risk. LT4 replacement protocol differs among
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Figure 2: Lean body mass and total body weight in patients of Group -I

Table 1: Biophysical characteristics of control subjects
and patients

Parameters Control (n=23) Patients (n=60)
(F/M-13/10) mean=SD (F/M-55/5) mean+SD

Age (years) 3015 28+6

Weight (kg) 5516 53+10

Height (cm) 15616 15315

BSA (m?) 1.53+0.10 1.48+0.14

BMI (kg/m?) 2342 23+4

P>0.05 Control versus patients (no significant difference), P<0.05 is considered
significant difference, BSA: Body surface area, BMI: Body mass index

Table 2: Clinical characteristics and hormonal status of
control subjects and patients at first visit

Parameters Control (n=23) m+SD Patients (n=60) m+SD
Pulse (bpm) 7615 94+12*

SBP (mmHg) 117£6 11548

DBP (mmHg) 72£3 76£10

HSS 1£1 8+1*

FT3 pmol/L 5.31£1.04 9.5+0.66*

FT4 pmol/L 17.13£3.12 28.55+2.56*

TSH (mIU/L) 1.95+0.42 0.08+0.017*

*P<0.05 Control versus patients, TSH: Thyroid stimulating hormone,
HSS: Hyperthyroid symptom scale

Table 3: Clinical characteristics and hormonal status
of patients of group-l and group-Il at first and second
visits

Parameters Group-l (n=30) Group-Il (n=30)
mean+SD mean+SD
At first At second At first At second
visit visit visit visit

Pulse (bpm) 95411 87+14* 93+12 100£207
SBP (mmHg) 11617 11447 11419 11948
DBP (mmHg) 7715 7547 76%5 784
HSS 8+1 2+1* 8+1 8+ 1t
FT3 pmol/L 9.4+0.7 5.5+1.3* 9.6%0.6 10.1£0.7¢
FT4 pmol/L 29.5%£2.9 17.9+1.9* 27.56+1.6 27.4+0.94%
TSH(mIU/L)  0.08+0.04 0.1+0.01* 0.08+£0.05 0.09+0.05*

*P<0.05 Group-| vs Group-I between first and second visits; YP<0.05 Group-Il vs
Group-II between first and second visits; {P<0.05 Group-I vs Group-ll at second
visit, HSS: Hyperthyroid symptom scale, TSH: Thyroid stimulating hormone
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institutes of different countries considering the different
recommendations of international guidelines. American
Thyroid Association (ATA) and other authors advocated
that maintenance of the TSH at or slightly below the lower
limit of normal (0.1-0.5 mIU/L) is appropriate for low risk
patients with DCT.P52"%2 This recommendation has not
been followed uniformly in different institutes throughout
the world. Patients with DCT with high and low risk are
usually kept in subclinical hyperthyroid state irrespective
of risk of metastases.™™ The objective of the present
study was to optimize the dose of L'T4 based on LBM to
prevent over exposure to it and thereby reducing the signs
and symptoms of hyperthyroidism and deleterious effect
on heart and quality of life.

Biophysical characteristics regarding female to male ratio
in patients of the present study population have reflected
the incidence of sex pattern of the disease. There female
to male ratio is 9:1.% In previous studies, similar sex
patterns had been observed by other researchers.['>*4]
The patients and control subjects were matched for age,
height, weight, BSA, and BMI in the present study. Patients
with DCT were consecutively recruited from the younger
age group. Other reasons to select the younger age groups
were to avoid any existing cardiac problems and also to
avoid chronic diseases and any kind of disability affecting
the different parameters of the present study. Biondi,
et al., (1993), also recruited the patients of the younger age
group having mean age of 36 £ 11 year. In contrast, other
authors studied LT4 requirement in population of higher
age group with the mean age of 45 * 17 year, ranging
from 22 to 85 years.” Regarding height and weight of the
population of the present study, they were lower compared
to other studies where their people were taller and having
more weight.P7**#] Subjects of the control group and
patients with DCT were recruited from similar lifestyle,
all had sedentary life style. During selection of control
subjects, persons engaged in significant physical activity
had been deliberately avoided because they could have
differed in their muscular build."*"* In a study, the mean
BSA of Japanese men between age group 20 and 39 years
was 1.8 £ 0.1 m® and that of women was 1.5 £ 0.1 m?.*
The mean BSA of female control subjects of the present
study was comparable to Japanese healthy adult female.

It is a matter of great concern; the physicians of our
country have been practicing I.T4 at dose of 200 pg/day
in post-radioiodine-ablated patients with DCT. This dose
pattern does not consider age, sex, body weight of patients,
and classification of DCT. This dose appears higher in the
low-risk group of DCT, especially young patients having
relatively low body weight. In our neighboring country
India, physicians have been practicing 300 ug/day dose

of LT4 as initial dose, however, 100 pug dose reductions
(200 ug/day) is advised for older patients with DCT having
cardiac problems.”! There are several recommendations
about requitement of daily dose of LT4.57**3 However,
LBM measurement is superior to other measures of
body size descriptor for dosage of many drugs, especially
for those which are hydrophilic and used for lifelong.
Pharmacokinetic parameter such as clearance is mostly
dependent on LBM of an individual. Success rate of
drug administration increases when given considering
LBW rather than TBW.["*) L'T4 is water soluble and its
pharmacokinetics is dependent on lean portion of body.
LT4 is deiodinated to T3 (active form of hormone) in
muscle, kidney, and liver. T4 is deiodinated to T3 (reverse
T3, inactive form) in skin. Fatty tissue has no role in
metabolism of LT4.[""" Comparative TBW and LBM were
shown in patients of Group-1 [Figure 2]. Regarding dose
of LT4, it was optimized on the basis of LBM of ecach
patient of Group-I at the first visit. After 3 months, the
repeat hormone assay of Group-I patients were done. The
dose of L'T4 131£23 p gm/day (ranging from 120 to 220
ug/day) i.e., 3.5 to 4 ug/kg/LBM was found optimum to
obtain normal thyroid hormone levels and expected TSH
level (0.1 £ 0.01 mIU/L) in this group. This dose was
comparable to T4 dose calculated depending on LBM
by DXA in a previous study."”!

Daily dose of LT4 based on TBW ranged from 2.2
to 3.0 nug/kg in different previous literatures.>"*?
Regarding dose of LT4 calculation depending on TBW;
arbitrarily it would have varied from 111 to 210 pg/day
(mean, 156 £ 27 pg/day) in patients of Group-1 of the
present study, if 3 ng/kg/TBW /day were considered. This
mean dose of LT4 is quite high compared to daily dose
depending on LBM used in the present study [Figure 3] and
also in a previous study by Santiny, ez 4/, (2005), in which
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Figure 3: Daily dose requirement of LT4 in each patient of Group-I to attain
TSH level range 0.04-0.1 m IU/L based on lean body mass and different
recommendations based on total body weight
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daily dose of LT4 was calculated on the basis of LBM.
The dose of LT4 based on TBW increases linearly with the
increment of TBW!" shown atbitrarily in Figure 3 in patients
of Group-1. BMI always depends on fat accumulation.['>'*!
LBM does not increase lineatly with the increase of body
weight rather depends mainly on muscular activity and
individual body build."*** Dose of T4 increased lineatly
with the increase of TBW/BMI, but calculated dose based
on LBM did not increase linearly. In Figure 3, remarkable
nonlinearity/fluctuations of doses of LT4 were noted in
LBM based dose pattern with a small difference of TBW.
If 25 ug/day have been minimized from the daily total
dose of I.T4 based on .LBM, several adverse effects would
have been avoided.P'** If 2.5 ug/kg/TBW of LT4 were
considered for patients of Group-I, then dose would have
vatied from 93 to 175 pg with a mean dose 130 £ 22 ug/day,
which also has increased linearly corresponding with
body weight. A study!” recommended that patients with
higher body weight comparatively are to be prescribed
low dose (1.8 pug/kg/TBW) compated to patients with
low body weight (2.56 * 0.5 pug/kg/TBW) considering
high fat accumulation in obese patients (analyzed by DXA
whole body composition). Patients having different TBW
may need the same dose of LT4 to attain same TSH value
because of having same LBM. In this context, LBM appears
as the best correlate of LT4 daily requirements, in which
fat mass has little or no effect.!"”)

HSS was found as a good assessor to follow up hyperthyroid
state after treatment.””"! HSS showed a significant clinical
improvement in patients with DCT who received optimized
dose of LT4 at the second visit [Table 3] compared to
the patients who received conventional dose of LT4 at
first and second visits. Tachycardia, palpitations, heat
intolerance, anxiety tremor, and nervousness were more
evident features among patients with DCT on conventional
LT4 dose and these symptoms are similar to those present
in hyperthyroid state.

Optimization of LT4 produced expected influence
on blood levels of FT3, FT4, and TSH evidenced
by normal levels of FT3 and FT4 and low level of
TSH. After optimization of LT4, moreover, signs and
symptoms of hyperthyroid state were reduced in patients
of Group-1 [Table 3|. These findings of the current
study were comparable to Biondi, ¢ a/, (2000), where
the study population was in endogenous subclinical
hyperthyroid state for atleast 6 months. This study is also
in agreement with another study by the same author.
Excessive LT4 replacement produce signs and symptoms
of hyperthyroidism and patients continually suffer from
impairment of emotional and physical health.l” It is now
clear from previous published data and from the present

study that TSH suppressive dose of LT4 inevitably
deteriorates patients condition worsening their quality
of life.l**!

Strength of the present study includes selection of young,
low-risk group of patients with DCT who had comparable
BMI along with healthy volunteers without having any
cardiac problems. DXA has been found as a precise
and reproducible method to measure body composition
including measurement of LBM.

Limitation of the present study was comparatively short
follow-up time after administration of high I'T4 dose and
optimization of dose of LT4 in one group of patients
with DCT.

Further studies are recommended by consuming extended
period of time for evaluation of quality of life in patients
with DCT. Patients with DCT of the low-risk group are
recommended to give replacement of LT4 depending on
measurement of LBM (dose, 3.5-4 ug/kg/LBM). This will
ensure expected replacement of L'T4 especially in young
patients with DCT. It will also cover the low-risk group
and patients with diverse ethnicity irrespective of weight
and BMI. Thereby, untoward side effects from chronic
exposure to mild overdose can be avoided. This study
documents that suppressive dose of thyroxine following
thyroid carcinoma could be different in other ethnic groups
with variations in body mass index. Therefore, the dose
requirement obtained in the present study can be employed
as a guide for determining compatable doses in individuals
with similar body structure and weight.

CONCLUSION

Expected therapeutic suppression of TSH with LT4
replacement in athyrotic patients with DCT of the low-risk
group requires optimization of T4 dose. LBM-based T4
therapy (3.5-4 ug/kg/LBM/day; 131 £ 23 pg/day) keeps
the TSH in desired level. LT4 replacement used in the
present study improves quality of life by reducing signs
and symptoms of hyperthyroid state in patients with DCT.
It prevents chronic exposure of mild overdose of LT4.
Thereby statistically significant improvement of HSS of
patients initiated among those who received optimized dose
of LT4 compared to patients with DCT on conventional
dose of LT4.

REFERENCES

1. Mazzaferi EL, Kloos RT. Clinical Review 128: Current approaches
to primary therapy for papillary and follicular thyroid cancer. J Clin
Endocrinol Metab 2001;86:1447-63.

Indian Journal of Endocrinology and Metabolism / Mar-Apr 2013 / Vol 17 | Issue 2



10.

11.

12.

13.

14.

15.

16.

Begum, et al.: Levothyroxine replacement

Thyroid Neoplasia. In: DeGroot LJ, Larsen PR, Henneman G,
editors. The Thyroid and Its Diseases, 6% ed. New York: Churchill
Livingstone; 1995. p. 635-96.

Cooper DS, Deherty GM, Haugen BR, Kloos RT, Lee SL, Mandel Sd,
et al. Management guidelines for patients with thyroid nodules and
differentiated thyroid cancer. Thyroid 2006;16:109-42.

Cooper DS, Deherty GM, Haugen BR, Kloos RT, Lee SL, Mandel SJ,
et al. Revised American Thyroid Association Management Guidelines
for patients with thyroid nodules and differentiated thyroid
carcinoma. Thyroid 2009;19:1167-214.

Biondi B, Palmeiri EA, Fazio S, Cosco S, Nocera M, Sacca L.
Endogenous subclinical hyperthyroidism affects quality of life and
cardiac morphology and function in young and middle-aged patients.
J Clin Endocrinol Metab 2000;85:4701-5.

Hoftijzer HC, Heemstra KA, Corssmit EP, van der Klaauw AA,
Romijn JA, Smit JW. Quality of Life in Cured Patients with Differentiated
Thyroid Carcinoma. J Clin Endocrinol Metab 2008;93:2000-03.
Biondi B, Fazio S, Carela C, Amato G, Ciattadini G, Lupoli G, et al.
Cardiac Effects of Long Term Thyrotropin Suppressive Therapy with
Levotyroxine. J Clin Endocrinol Metab 1993;77:334-8.
Botella-Carretero JI, Galan JM, Caballero C, Sancho J,
Escobar-Morreale HE Quality of life and psychometric functionality
in patients with differentiated thyroid carcinoma. Endocrine Related
Cancer 2003;10:601-10.

Klein I, Danzi S. Thyroid disease and the heart. Circulation
2007;116:1725-35.

Ladenson PW. Recognition and management of cardiovascular
disease related to thyroid dysfunction. Am J Med 1990;88:638-41.
Ladenson PW. Thyrotoxicosis and the Heart: Something old and
something new. J Clin Endocrinol Metab 1993;77:332-3.
Botella-Carretero JI, Gomez-Bueno M, Barrios V, Caballero C,
Garcia-Robels R, Sancho J. Chronic thyrotropin-suppressive therapy
with levothyroxine and short-term overt hypothyroidism after
thyroxine withdrawal are associated with undesirable cardiovascular
effects in patients with differentiated thyroid carcinoma. Endocrine
Related Cancer 2004;11:345-56.

Sawka AM, Goldstein DP, Brierley JL, Tsang RW, Rotstein L,
Ezzat S, et al. The impact of thyroid cancer and post surgical
radioactive iodine treatment on the lives of thyroid cancers survivors:
A qualitative study. PLoS One 2009;4:e4191.

Green B, Duffull SB. What is the best size descriptor to use for
pharmacokinetic studies in the obese? Br J Clin Pharmacol
2004;58:119-33.

Santini F, Pinchera A, Marsili A, Ceccarini G, Castagna MG,
Valeriana R, et al. Lean body mass is a major determinant of
levothyroxine dosage in the treatment of thyroid diseases. J Clin
Endocrinol Metab 2005;90:124-7.

Lang BH, Lo CH, Chan WE, Lam KY, Wan KY. Staging systems for
papillary thyroid carcinoma. A review and comparison. Ann Surg

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

2007;245:366-78.

Stikkelbroeck NM, Oyen WJ, van der Wilt GJ, Hermus AR, Otten BJ.
Normal Bone mineral density and lean body mass, but increased
fat mass, in young adult patients with congenital hyperplasia. J Clin
Endo Metab 2003;88:1036-42.

Andreoli A, Scalzo G, Masala S, Tarantinu U, Guglielmi G. Body
composition assessment by dual-energy X-ray absorptiometry (DXA).
Radiol Med 2009;114:286-300.

Linda MB. Dual energy X-ray absorptiometry. In: Grainger RG,
Allison D, Adam A, Dixon AK, editors. Diagnostic Radiology: A
Textbook of Medical Imaging. London: Churchill Livingstone;
2001. p. 185-95.

Klein I, Trzepacz PT, Roberts M, Levey GS. Symptom Rating Scale
for Assessing Hyperthyroidism. Arch Intern Med 1988;148:387-90.
Jana S, Abdel-Dayem HM, Young I. Nuclear Medicine and thyroid
cancer. Eur J Nucl Med 1999,26:1528-32.

Burmeister LA, Goumaz MO, Mariash CN, Oppenheimer JH.
Levothyroxine dose requirements for thyrotropin suppression in the
treatment of differentiated thyroid cancer. J Clin Endocrinol Metab
1992;,75:344-50.

Maitra A, Abbas AK. The Endocrine System. In: Kumar V, Abbas AK,
Fausto N, editors. Robbins and Cotran. Pathologic Basis of Disease.
7" ed. India: Elsevier; 2004. p. 1156-83.

Pujol P, Daures JP, Nsakala N, Baldet L, Bringer J, Jaffiol C. Degree of
thyrotropin suppression as a prognostic determinant in differentiated
thyroid cancer. J Clin Endocrinol Metab 1996;81:4318-23.

Biondi B, Fazio S, Cuocolo A, Sabatini D, Nicolai E, Lombardi G, et al.
Impaired cardiac reserve and exercise capacity in patients receiving
long-term thyrotropin suppressive therapy with levothyroxine. J Clin
Endocrinol Metab 1996;81:4224-8.

Daimon S, Watanabe H, Abe Y, Hirata K, Hozumi T, Ishii K, et al.
Normal values of echocardiographic parameters in relation to
age in a healthy Japanese population — The JAMP Study. Circ J
2008;72:1859-66.

Samuel AM. Thyroid Hormone Suppression Treatment. In: Shah DH,
Samuel AM, Rao RS, editors. Thyroid Cancer an Indian Perspective.
Mumbai: Quest Publications; 1999. p. 320-8.

Jonklaas J, Davidson B, Bhaghat S, Soldin SJ. Triiodothyronine
Levels in Athyreotic Individuals during Levothyroxine Therapy.
JAMA 2008;299:769-77.

Cite this article as: Begum F, Ahmed CM, Afroz S, Kabir E, Alam F, Banerjee
S, etal. Lean body mass-based levothyroxine replacement in young athyrotic
patients with differentiated carcinoma of thyroid. Indian J Endocr Metab
2013;17:254-9.

Source of Support: This research work was approved and funded by
Committee for Advanced Studies and Research (CASR) of Bangladesh
University of Engineering and Technology (BUET), No: DAERS/CASR/R-
01/2008/D-1321/114, Conflict of Interest: None declared.

Indian Journal of Endocrinology and Metabolism / Mar-Apr 2013 / Vol 17 | Issue 2



