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Abstract

Objective. To evaluate the status of euthyroidism achieved among Thai patients with post-ablative hypothyroidism and to 
examine the difference between various weight-based daily levothyroxine (LT4) replacement regimens in these patients.

Methodology. We conducted a retrospective review of Thai patients with Graves’ disease (GD) who developed 
hypothyroidism following radioactive iodine treatment from 2016 to 2020 at Theptarin hospital. Daily LT4 dose was 
calculated based on actual body weight (ABW), ideal body weight (IBW), and estimated lean body mass (LBM).

Results. We reviewed a total of 271 patient records. Of these, 81.2% were females with a mean age of 40.8±11.7 years, 
LT4 intake duration of 27.1±14.6 months, and LT4 dose/kg ABW of 1.4±0.5 μg/kg/day. At the final follow-up, 62.4% of 
patients achieved thyroid-stimulating hormone (TSH) levels within the reference interval, 15.5% had TSH levels over, 
and 22.1% had TSH levels under the reference range. Obese patients required a lower daily LT4 dose relative to ABW 
and higher daily LT4 dose relative to IBW to attain euthyroidism (ABW 1.1±0.4 μg/kg/day and IBW 2.0±0.8 μg/kg/day). 
Estimated daily LT4 dose based on LBM showed a constant dosage of 2.0 μg/kg/day in all BMI categories. 

Conclusions. Suboptimum LT4 replacement therapy was found in almost half of hypothyroid patients with GD treated 
with radioactive iodine. Estimated LBM was a better indicator for dosing calculation in these patients compared with ABW 
and IBW.
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INTRODUCTION 

Hyperthyroid Graves’ disease (GD) is managed by 
antithyroid drugs (ATD), radioactive iodine (RAI) or 
thyroidectomy. RAI is a favorable alternative in many 
patients who fail to achieve remission from ATD.1 

In our institute, one-fifth of all GD patients have been 
treated with RAI over a period of 35 years.2 Majority 
(97.1%) developed hypothyroidism due to prescription 
of a relatively high single fixed dose of RAI to aim for 
hypothyroidism. 

The complexity and challenges of maintaining biochemical 
euthyroidism in patients with lifelong levothyroxine (LT4) 
replacement therapy cannot be underestimated given the 
narrow therapeutic range of LT4.3-5 The level of TSH is an 
indicator for monitoring and adjusting the dose of LT4 
therapy. Initial dosing can vary greatly depending on 
the amount of residual thyroid. Most adult patients with 

overt hypothyroidism are provided a simple weight-based 
dose of LT4 at 1.6 µg/kg/day (equivalent to approximately 
100–125 µg/day).6-7 Lower doses of LT4 were suggested 
from Thai and Singaporean studies, on average 1.1 µg/kg/
day.8-10 After LT4 dose modification, it is recommended to 
recheck the serum TSH level every 6-8 weeks.1 

After achieving the optimum dose of LT4, TSH levels should 
be monitored every 6-12 months. Factors that may affect 
the dose of LT4 required to maintain euthyroidism include: 
a reduction in residual thyroid reserve, ageing, obesity, 
drugs and illnesses.11-12 Therefore, long-term monitoring 
is necessary to maintain LT4 replacement therapy. The 
danger of under-replacement is well recognized but the 
risks of over-treatment with LT4 (iatrogenic thyrotoxicosis) 
cannot be overemphasized.3,13 In patients with low-
normal or suppressed serum TSH levels, several studies 
consistently confirmed an increased risk of atrial fibrillation, 
osteoporosis, fracture and over-all mortality especially in 
elderly patients with underlying cardiac conditions.14-15 
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the reference range of 0.3-4.2 mIU/L. The out-of-range TSH 
group was further divided as over-treatment if the serum 
TSH level was < 0.3 mIU/L and under-treatment if the 
serum TSH level was > 4.2 mIU/L. Self-reported compliance 
with LT4 therapy was retrieved from medical records and 
categorized into three groups: missed <5% dose in the last 
1 month; missed ≥5% to <15% dose in the last 1 month; 
and missed ≥15% in the last 1 month. Patterns of LT4 
prescription were also collected and categorized as daily 
dose, alternate day dose, or segmented weekend dose. 

BMI was calculated by dividing weight in kilograms by 
height in meters squared. LBM was calculated based on 
ABW, height, and gender using the Hume formula24 and 
IBW was calculated based on height using the Devine 
formula (Supplement Table 1).25 The LT4 dose requirement 
was calculated as µg per kilogram ABW, LBM and IBW per 
day. This study was approved by the Institutional Review 
Board committee of Theptarin Hospital (EC No.02-2021).

Statistical analyses

Continuous variables were summarized as mean ± standard 
deviation (SD) or median (interquartile range, IQR) while 
categorical variables were summarized using counts 
and percentages. The t-test or analysis of variance was 
applied to compare differences in means among groups. 
The Chi-squared test was used to compare differences 
in percentages between groups. Univariate analysis of 
variance (ANOVA) was performed to test for differences 
among demographic parameters in patients with optimal 
serum TSH levels, patients with over-treatment, and 
patients with under-treatment. The post-hoc analysis 
was performed using the Dunnett test. A p-value of <0.05 
was considered statistically significant. All analyses were 
conducted using SPSS Statistical Package, version 20 (IBM 
Corp., Armonk, NY, USA).

RESULTS

A total of 418 charts were reviewed and 271 patients met 
the inclusion criteria (Figure 1). The baseline demographic 
data and patterns of LT4 prescription are presented in 
Table 1. In the cohort, the mean age was 40.8 ±11.7 years 
(8.5% were ≥ 60 years of age); females comprised 81.2%; the 
mean BW was 60.9±12.6 kgs, the mean BMI was 24.4±4.2 
kg/m2 and the mean duration of LT4 treatment was 27.1 
± 14.6 months. The mean weekly LT4 dose was 620±222 
μg/week. The mean daily LT4 dose/kg of ABW was 1.4±0.5 
μg/kg/day; mean daily LT4 dose/kg of LBM was 2.0±0.7 
μg/kg/day; and the mean daily LT4 dose/kg of IBW was 
1.6±0.6 μg/kg/day. Three percent (3.3%) of all patients 
report missing LT4 dose ≥15% of LT4 in the last month. 

Only 62.4% of the patients achieved normal serum TSH 
range at the last follow-up. Serum TSH levels were above 
the reference range (TSH > 4.2 mIU/L) in 15.5% and were 
under the reference range (TSH < 0.3 mIU/L) in 22.1%. 
The detailed distribution of thyroid status at the last visit 

Initial prescription with estimated weight-based dose of 
LT4 should be followed by a careful dose adjustment and 
periodic review of drug timing, adherence and concomitant 
drugs/illnesses that can affect LT4 absorption.16

Previous studies from Western countries showed that 
up to 40% of patients with hypothyroidism from various 
causes had abnormal serum TSH levels while on LT4 
treatment.13,17-18 In Thailand, there is a paucity of data on 
the status of serum TSH levels and practice patterns in 
patients with post-ablative hypothyroidism. LBM was 
superior to actual body weight (ABW) as a predictor of 
weight-based dosage from active LT4 pharmacokinetics 
in the lean body compartment, not in adipose tissue.19-21 
Using ABW to determine a starting LT4 dose in obese 
patients could lead to supra-therapeutic doses.22 Ideal body 
weight (IBW) using the Devine formula which is calculated 
based on height was also studied as an alternative dosing 
regimen.23 However, further validations are warranted 
to apply estimated LBM or IBW dosing regimens in 
hypothyroid patients with post-ablative hypothyroidism 
from RAI ablation. 

OBJECTIVES

The main objective of our study was to evaluate the status 
of achieved euthyroidism among Thai GD patients with 
post-ablative hypothyroidism. It also aimed to evaluate 
the difference between various weight-based daily LT4 
regimens (ABW, LBM, and IBW) according to body 
mass index (BMI) in patients with euthyroidism. 

METHODOLOGY

This was a retrospective study of RAI-treated hyperthyroid 
GD patients in Theptarin Hospital, Bangkok, Thailand 
from 2016 to 2020. Patients aged 15 years and above 
with primary hypothyroidism from RAI ablation were 
studied. Patients with transient hypothyroidism from RAI, 
repeated RAI treatment due to relapsed GD, pregnant 
women and lactating mothers, major illnesses which could 
affect LT4 absorption, changes in body weight ≥ 15% in 
the previous 6 months, and those receiving LT4 therapy 
less than 6 months were excluded from the study. 

In our hospital, a fixed dose of RAI (10-30 mCi) based on 
estimated thyroid size was prescribed individually to aim 
for hypothyroidism.2 In Thailand, there are two brands of 
LT4 medication available (Eltroxin®, GlaxoSmithKline, 
United Kingdom and Euthyrox®, Merck, Germany). 
Euthyrox® is available in 50 µg and 100 µg tablets. No 
generic drug of LT4 was used in our hospital during the 
study period. Serum TSH concentrations were measured 
by electro-chemiluminescent immunoassays (Roche 
Diagnostics, Indianapolis, USA) with a reference range of 
0.3 to 4.2 mIU/L.

Serum TSH levels at the last follow-up visit were retrieved 
and classified as in-range if a serum TSH value was within 
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dosing regimen; while 14.1% were on the alternate daily 
dosing regimen. There was no statistical significance found 
between patterns of LT4 prescription and in-range serum 
TSH levels. 

In the post-hoc analysis, the undertreated group was found 
to have a significantly lower actual body weight compared 
with the optimally-treated group (p = 0.007). Moreover, the 
undertreated group had a higher daily LT4 dose compared 

is summarized in Figure 2. The median serum TSH level 
in patients with optimal treatment was 1.45 mIU/L (0.79, 
2.41), in the undertreated it was 7.02 mIU/L (5.43, 12.68), 
while in the overtreated it was 0.09 mIU/L (0.03, 0.19). 

As shown in Table 1, 81.2% of patients adhered to their 
daily LT4 treatment in the last month. Regarding patterns 
of LT4 prescription, 43.5% were on the same daily LT4 
dosing regimen; 42.4% were on the segmented weekend 

Figure 1. Flow diagram of patients in the present study. Figure 2. Thyroid status of studied patients at the last visit.

Table 1. Baseline characteristics of the study population
Characteristics Total (n = 271) Optimal-treated 

group (n = 169)
Over-treated group 

(n = 60)
Under-treated group 

(n = 42) p-value

Present age (years) 40.8 ± 11.7 41.4 ± 11.7 39.5 ± 12.7 40.1 ± 10.4 0.527
< 40 years 52.0% 51.6% 51.7% 54.8% 0.994
40–59 years 39.5% 39.6% 40.0% 38.1%
≥ 60 years 8.5% 8.9% 8.3% 7.1%

Gender 0.046
Male 18.8% 14.8% 21.7% 31.0%
Female 81.2% 85.2% 78.3% 69.0%

Body weight (kg) 60.9 ± 12.6 60.0 ± 11.4 59.9 ± 12.9 66.3 ± 15.4 0.010
Body mass index (kg/m2) 24.2 ± 4.2 24.3 ± 4.1 23.8 ± 3.9 25.6 ± 4.7 0.092

< 18.5 3.0% 3.6% 3.3% 0 % 0.087
18.5 – 24.9 57.9% 57.4% 70.0% 42.8 %
25.0 – 29.9 29.5% 30.1% 20.0% 40.5 %
≥ 30.0 9.6% 8.9% 6.7% 16.7 %

Ideal Body Weight (kg) 54.7 ± 8.2 54.3 ± 7.9 54.0 ± 8.7 57.3 ± 8.3 0.073
Lean Body Mass (kg) 42.7 ± 6.8 42.1 ± 6.2 42.0 ± 7.2 45.6 ± 8.0 0.009
Duration of GD Before RAI (Months) 45.7 ± 63.6 45.3 ± 60.4 54.2 ± 72.7 35.3 ± 62.2 0.335
Dose of Radioactive Iodine (mCi) 19.0 ± 5.8 18.8 ± 5.9 19.1 ± 5.5 19.5 ± 6.0 0.825
Duration of Hypothyroidism before 
the start of LT4 therapy (months)

1.4 ± 2.0 1.3 ± 1.5 1.8 ± 3.3 1.1 ± 1.0 0.140

Nadir TSH before the start of 
LT4 therapy (uIU/mL)

38.4 ± 34.2 34.7 ± 30.2 46.8 ± 40.7 40.4 ± 36.4 0.070

Patterns of LT4 intake (%) 0.038
Same dose daily 43.5% 42.6% 35.0% 59.5%
Alternate day dose 14.1% 14.8% 10.0% 16.7%
Segmented weekend 42.4% 42.6% 55.0% 23.8%

LT4 dosage (mcg/kg of ABW) 1.4 ± 0.5 1.4 ± 0.4 1.4 ± 0.5 1.6 ± 0.5 0.045
LT4 dosage (mcg/kg of IBW) 1.6 ± 0.6 1.6 ± 0.5 1.5 ± 0.5 1.9 ± 0.6 0.004
LT4 dosage (mcg/kg of LBM) 2.0 ± 0.7 2.0 ± 0.6 1.9 ± 0.7 2.3 ± 0.7 0.010
LT4 dosage per week (mcg) 620.1 ± 221.6 605.9 ± 207.9 567.5 ± 185.1 752.4 ± 272.8 <0.001
Duration of LT4 (months) 27.1 ± 14.6 28.3 ± 14.8 25.7 ± 13.1 24.1 ± 15.1 0.165
LT4 compliance <0.001

Missed < 5% 81.2% 83.4% 81.7% 71.4%
Missed 5-14 % 15.5% 15.4% 16.7% 14.3%
Missed ≥ 15 % 3.3% 1.2% 1.6% 14.3%
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To determine the appropriate LT4 dosage in relation to the 
various categories of BMI, a subgroup analysis in patients 
with in-range serum TSH levels was performed (Table 2). 
Obese patients with BMI of ≥ 30 kg/m2 had significantly 
lower daily LT4 dose per ABW and IBW but not per 
LBM compared with the other BMI categories (p < 0.05). 
Patients who were more obese had lower daily LT4 dose 
with the LT4 dosing strategy based on ABW. All patients 
with BMI ≥18.5 kg/m2 (p = 0.815) had a constant daily 
dose of 2.0-2.2 μg/kg with the daily LT4 dosing strategy 
based on LBM. In contrast, obese patients required a 
higher daily LT4 dose with the LT4 dosing strategy based 
on IBW compared with lower BMI categories (p < 0.05). 
We found no gender difference in LT4 dose requirement 
based on LBM in each of the BMI stratum (Figure 4).

with the optimally-treated group (p < 0.05) regardless of the 
weight-based regimen. The number of patients who missed 
LT4 ≥ 15% in the last month was also found to be higher 
in the undertreated compared with the optimally-treated 
group (14.3% vs. 1.2%, p = 0.011). 

The comparisons of the percentages of patients with TSH 
levels out-of-reference range between BMI ≥30 kg/m2 
versus BMI 25-29.9 kg/m2, BMI ≥30 kg/m2 versus BMI 18.5-
24.9 kg/m2, and BMI ≥30 kg/m2 versus BMI <18.5 kg/m2 are 
shown in Figure 3. There was no statistically significant 
difference between percentages of serum TSH out of 
reference range between the two BMI categories. In obese 
patients with BMI ≥ 30 kg/m2, 26.9% had TSH levels under 
the reference range while 15.4% had TSH levels lower than 
the reference range. 

Figure 3. Percentage of out-of-reference range serum TSH 
values at the last visit in different BMI categories.

Figure 4. Comparison of gender differences in daily LT4 
dose requirement based on lean body mass (LBM), 
stratified by BMI category.

Table 2. Baseline characteristics grouped by body mass index (BMI) in participants who achieved euthyroidism after LT4 
replacement

Characteristics
Body mass index (kg/m2)

< 18.5 (n = 6) 18.5 – 24.9 (n = 97) 25.0 – 29.9 (n = 51) ≥ 30.0 (n = 15) p-value
Present age (years) 31.2 ± 3.5 41.1 ± 11.1 43.1 ± 12.2 41.1 ± 14.6 0.010
Gender 0.606

Male 0.0% 13.4% 17.6% 20.0%
Female 100.0% 86.6% 82.4% 80.0%

Body weight (kg) 46.1 ± 3.9 54.9 ± 7.5 66.3 ± 9.2 76.7 ± 13.1 <0.001
Ideal Body Weight (kg) 52.4 ± 6.8 54.3 ± 7.8 54.7 ± 8.4 53.8 ± 7.1 0.660
Lean Body Mass (kg) 37.1 ± 4.1 40.6 ± 5.4 44.2 ± 6.3 47.0 ± 6.7 <0.001
Duration of GD Before RAI (Months) 17.0 ± 15.1 47.7 ± 67.1 46.1 ± 51.1 38.4 ± 55.1 0.624
Dose of Radioactive Iodine (mCi) 18.3 ± 2.6 18.6 ± 5.9 19.0 ± 6.1 19.7 ± 6.9 0.790
Duration of Hypothyroidism before 
the start of LT4 therapy (months)

0.8 ± 0.8 1.4 ± 1.6 1.2 ± 1.4 0.9 ± 1.0 0.211

Nadir TSH before the start of 
LT4 therapy (uIU/mL)

37.4 ± 32.1 31.4 ± 27.9 40.8 ± 34.4 35.9 ± 30.3 0.876

Patterns of LT4 intake (%) 0.800
Same dose daily 50.0% 39.2% 45.1% 53.3%
Alternate day dose 0.0% 14.4% 17.6% 13.4%
Segmented weekend 50.0% 46.4% 37.3% 33.3%

LT4 dosage (mcg/kg of ABW) 1.8 ± 0.2 1.4 ± 0.3 1.3 ± 0.5 1.2 ± 0.5 0.002
LT4 dosage (mcg/kg of IBW) 1.6 ± 0.2 1.5 ± 0.3 1.7 ± 0.7 2.0 ± 0.8 <0.001
LT4 dosage (mcg/kg of LBM) 2.2 ± 0.3 2.0 ± 0.4 2.0 ± 0.8 2.1 ± 0.9 0.397
LT4 dosage per week (mcg) 575.0 ± 74.2 572.6 ± 140.7 636.9 ± 271.2 728.3 ± 300.7 <0.001
Duration of LT4 (months) 35.8 ± 18.7 29.6 ± 14.4 25.9 ± 15.6 25.6 ± 11.9 0.093
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When prescribing initial LT4 replacement therapy, 
calculate BMI and LBM to guide the dose. In patients 
with BMI ≥ 25 kg/m2, LBM is a better gauge to calculate 
daily LT4 dose than ABW or IBW. In patients requiring 
unusually high LT4 doses, investigate other factors apart 
from compliance and concomitant medications, including 
gastrointestinal tract malabsorption, concomitant food and 
drink, and Helicobacter pylori infection.26-28 

LT4 dose requirements decrease with age due to decreased 
LBM, thus, elderly patients are specially vulnerable to 
adverse events from over-treatment.29 Periodic monitoring 
is recommended in this particular age group with the 
aim of maintaining the serum TSH levels at the upper end 
of the reference range. 

Our study had several limitations. First, the retrospective 
nature of data collection has inherent weaknesses. Several 
relevant data were missing from the medical records, 
including concomitant food and drink, over-the-counter 
medications, menstrual status and undocumented chronic 
illnesses. Second, self-reported compliance could not 
be ascertained by more objective medication adherence 
assessment such as electronic pill counter or validated 
questionnaire. Third, only the latest serum TSH levels 
were used as a marker for euthyroidism. This might not 
reflect the dynamic process of clinical practices to adjust 
LT4 dose based on serum TSH levels. However, our 
study selected the patients who received LT4 for at least 
6 months after the initiation of LT4 replacement therapy 
and the duration of LT4 treatment was over 2 years. Also, 
our hospital provides only branded LT4 drugs to avoid 
the variable bioavailability of generic LT4 drugs.30 Finally, 
estimated LBM was calculated using the Hume formula, 
which was introduced over 50 years before sophisticated 
imaging was available to analyze body composition.24 

In conclusion, suboptimum LT4 replacement therapy was 
common in GD patients with post-ablative hypothyroidism. 
Our study showed that over-treatment of LT4 was more 
common than under-treatment. Estimated LBM was a 
better gauge to calculate doses compared with ABW and 
IBW. The complexity of maintaining biochemical and 
clinical euthyroidism in LT4-treated hypothyroid patients 
warrants more attention to dose adjustments, especially in 
populations at-risk for optimum therapy. 
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DISCUSSION

While LT4 replacement therapy seems to be straightforward, 
its optimal use can be challenging. As LT4 is usually 
administered over a patient’s lifetime, physicians need to 
understand the various factors that can affect LT4 dose and 
absorption. Apart from this, they will have to meticulously 
titrate the patient’s LT4 dose to prevent adverse effects of 
suboptimum therapy. In this study, almost 40% of patients 
with RAI-treated hypothyroidism had suboptimum LT4 
replacement. For initial dose estimation, lean body mass 
might be a better indicator for weight-based calculation 
in obese patients. No baseline parameter was found to 
be associated with in-range or out-of-range serum TSH 
levels. It is interesting that the percentage of over-replaced 
LT4 patients was greater than the percentage of under-
replaced patients. 

The main determining factors of LT4 requirement are the 
etiology of hypothyroidism, age, gender, body weight, 
and lean body mass.3,5 Generally, hypothyroidism due 
to Hashimoto’s thyroiditis or post-ablative treatment 
of GD require lower doses of LT4 compared to patients 
who completely lack thyroid tissue following total 
thyroidectomy. Unfortunately, most previous studies 
on dosing strategies did not specify the cause of hypo-
thyroidism or selected only post-thyroidectomy patients. 
The optimal daily LT4 dose was suggested to be 1.5-1.8 
µg/kg/day.6 In 2005, the seminal study from Italy found 
that LBM was a better predictor of the daily LT4 require-
ment than total body weight in thyroid cancer patients 
who underwent thyroidectomy and RAI remnant ablation.20 

The concept of LBM as a predictor of drug dosage has 
been studied much earlier where dual energy x-ray 
absorptiometry precisely evaluated body composition.19 
Recently, a study among Thai patients with various causes 
of hypothyroidism also demonstrated the usefulness 
of estimated LBM as calculated by the Hume formula in 
obese patients.10 The daily LT4 dose of 2.3 µg/kg of LBM/
day was suggested to shorten the time required to attain 
a stable LT4 dose. Our present study is aligned with 
this earlier one, but we provide more accurate dosing 
in GD patients with post-ablative hypothyroidism. Our 
study showed that a daily LT4 dose of 2.0 µg/kg of LBM/
day achieved euthyroidism in patients with BMI of 18.5-
29.9 kg/m2. This dosage corresponded to a daily LT4 
dose of 1.4 µg/kg of ABW, differing from the results of a 
previous study from Singapore (1.1 µg/kg of ABW)9 and 
a previous European study (1.6 µg/kg of ABW).7 

In many countries including Thailand, the limited 
available LT4 preparations pose a challenge to meticulous 
LT4 titration. Sophisticated regimens (alternate dosage 
or segmented weekend method) could be used in some 
patients but exercise caution with elderly patients or in 
those with polypharmacy. Moreover, both intrinsic and 
extrinsic factors which could affect LT4 dosage should be 
thoroughly reviewed before dose adjustment. 
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Supplement Table 1

Lean body mass (LBM) was calculated based on actual body weight (ABW), height, and gender using the Hume formula1:

Hume formula

Lean body mass (male) = ( (0.32810×BW,kg) + (0.33929×height,cm) ) – 29.5336
Lean body mass (female) = ( (0.29569×BW,kg) + (0.41813×height,cm) ) – 43.2933

Ideal body weight (IBW) was calculated based on height using the Devine formula2:

Devine formula

Ideal BW (male) = 50.0kg + 0.9(height,cm – 152)kg
Ideal BW (female) = 45.5kg + 0.9(height,cm – 152)kg

Sample cases

Female 40 yrs, height 160 cm, actual body weight 55 kg
Female 40 yrs, height 160 cm, actual body weight 65 kg
Female 40 yrs, height 160 cm, actual body weight 75 kg

No. of Subject Actual body weight (ABW) Ideal body weight (IBW) Lean body mass (LBM)
1. 55.0 52.7 39.9
2. 65.0 52.7 42.8
3. 75.0 52.7 45.8
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