European Archives of Oto-Rhino-Laryngology (2019) 276:2559-2564
https://doi.org/10.1007/500405-019-05523-4

HEAD AND NECK q

Check for
updates

Optimal levothyroxine dose in post-total thyroidectomy patients:
a prediction model for initial dose titration

Saleh F. Al-Dhahri'2 - Samiah S. Al-Angari' © - Jabir Alharbi® - Mohammed AlEssa’

Received: 26 March 2019 / Accepted: 15 June 2019 / Published online: 27 June 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Purpose As the lack of consensus in the initial levothyroxine (LT4) dose titration following total thyroidectomy exists, the
aim of this study was to identify and quantify predictive factors for LT4 dose replacement.

Methods A retrospective analysis of a prospectively gathered data of 234 patients who underwent total-thyroidectomy at two
institutions between November 9, 2009 and January 1, 2016 was conducted. Outcome variable was the clinically observed
optimal LT4 dose. Linear and polynomial regression methods were used for prediction. Continuous variables were tested
for mean differences using Student’s #-test and association using Pearson’s correlation.

Results We identified Body Surface Area (BSA) as the most significant predictor. We propose a model that titrates LT4 dose
based on BSA (1.4 ug /kg/day for BSA>1.79 m? vs. 1.7 ug /kg/day for BSA < 1.79 m?; P=0.00). Men required higher doses
than women and no differences were noted based on DM status or pathological diagnosis.

Conclusions Our analysis shows BSA as an independent predictor of LT4 dose post total thyroidectomy. Despite the possibil-
ity of generating different equations for predicting LT4 post total-thyroidectomy, finding a practical and clinically relevant
prediction model is yet of limited efficiency.
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Introduction

Levothyroxine (LT4) dose replacement has long been the
mainstay monotherapy for patients with hypothyroid-
ism and post-total thyroidectomy patients. Although a
combination of triiodothyronine (T3) and thyroxine (T4)
has been historically proposed in the literature, LT4 still
holds a strong and reproducible basis for thyroid hor-
mones replacement with a margin of safety that renders it
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a superior choice. In addition, and as LT4 is well-studied
and vastly prescribed, the challenge in prescribing the
proper dose for each patient after total thyroidectomy sur-
geries is based on patients’ individual and general char-
acteristics. Many studies have examined and/or proposed
a dosing strategy for LT4 replacement, providing a broad,
non-specific ground that merely differs based on differ-
ent presumed variables such as age, gender, body weight,
body surface area (BSA), lean body mass (LBM), body
mass index (BMI), drug-drug interactions, absorption, bio-
availability, and co-morbidities. Moreover, the nature of
the disease may dictate a different treatment strategy (i.e.
benign vs. malignant). The substitution dose traditionally
follows a general arbitrary approach or uses 1.6 ug/kg/day
[1] formula that was mainly designed for hypothyroidism
cases. Consequently, the resultant dose may serve as the
ideal dose or proves to be over- or under-compensating
thyroid function after future assays. The drawback of both
approaches, however, can simply be tied to the number of
unnecessary future visits for patients and the probability of
over- or under-substitution, with the risk that it holds espe-
cially in elderly patients. Given that context, providing a
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prediction formula for calculating the proper initial LT4
dose may help decrease the level of uncertainty in LT4
dose replacement and prove to be economically valu-
able. The aim of this study was to identify and quantify
factors that would predict LT4 dose following thyroidec-
tomy. As the lack of consensus in the initial optimal LT4
dose in patients following total thyroidectomy exists, the
necessity stands for finding a prediction model for LT4
dose based on primary predictors in the clinical practice.

Methods

We retrospectively reviewed a prospectively gathered data
of a cohort of patients who underwent total thyroidectomy
between November 9, 2009 and January 1, 2016 at two
tertiary academic hospitals in Riyadh, Saudi Arabia. The
primary endpoint of the study was patients reaching the
optimal dose of LT4 that maintained thyroid stimulating
hormone (TSH) levels between (0.26—4.4 mIU/L). LT4
dose was considered optimal after 6 months of therapy
monitoring that is receiving the measurements of two nor-
mal TSH levels with 3 months apart. The determination
of patients’ demographic characteristics, past medical his-
tory, medications, height, weight, and laboratory results
was based on electronic medical records and office-based
interviews. BMI was calculated using: [actual body weight
(kg)/height2 (m)], and body surface area (BSA) was cal-
culated using Mosteller’s formula [2]. Both were treated
as continuous variables in regression models. In addition,
BSA was transformed into a dichotomous variable defined
by the sample median of 1.79 m? for two group compari-
sons. The study was conducted in accordance with the Hel-
sinki Declaration, as revised in 2013. It was also approved
by the Institutional Review Board of King Fahad Medical
City (KFMC-IRB #18-245). Patients who were compliant
with treatment were included in the study irrespective of
age or gender. Patients who underwent total thyroidectomy
due to malignant pathology and required suppressive doses
of LT4 were excluded.

Statistical analysis

Statistical analysis was performed using R version 3.3.1 (R
Core Team (2016). R: A Language and Environment for
Statistical Computing. R Foundation for Statistical Com-
puting, Vienna, Austria. https://www.R-project.org/). Con-
tinuous variables were tested for mean differences using
Student’s ¢-test and association using Pearson’s correlation.
To predict a model for the optimal daily LT4 dose, multiple
linear and polynomial regression methods were utilized for
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Table 1 Basic Characteristics of the 234 subjects who matched the
inclusion criteria

Characteristic N (%) or mean + (SD)
Female sex 203 (86.75)
Age (years) 41.36+(12.36)
BMI (kg/m?) 30.98 +(6.9)

Underweight 4(1.7)

Normal 40 (17.1)

Overweight 65 (27.8)

Obese 125 (53.42)
Weight (kg) 771.3+(17.4)
Height (cm) 158.12+(8.47)
BSA (m?) 1.8+(0.22)
History of DM 43 (18.38)
Pathology (benign) 133 (56.84)
Optimal LT4 dose (ug/day)

Overall 117.24+(26.2)

Male 132.66 +(26.9)

Female 114.89 +(25.34)

the combination of categorical and continuous predictors.
Values of (P <0.05) were considered significant. Descrip-
tive analysis was interpreted using mean + SD or counts with
percentages.

Results

Of the 902 subjects initially enrolled, 234 matched our
inclusion criteria. Patients were routinely started on empir-
ical 100 pg of LT4 postoperatively (Day 01). The major-
ity of our subjects were women. Most of the patients had
benign thyroid pathology and were not diabetics. Over half
of our sample (n =125, 53.42%) were obese (BMI > 30)
followed by overweight subjects (n =65, 27.78%)
(Table 1). The overall mean dose per body weight required
to achieve a normal thyroid function was 1.5+0.5 pg/
kg (range 0.93-6.55). Upon further stratification, male
patients had a narrower range than female patients (range
0.93 — 2.7). However, when calculated per BSA, the mean
dose was 64.5 pg/m>. The minimum follow-up period was
24 months.

LT4 dose was tested for the mean differences in gen-
der, diabetes mellitus (DM) status, pathological diag-
nosis (benign vs. malignant), and BSA independently.
Men required higher doses than women (P =0.0004) and
patients who had larger BSA (> 1.79 m?) required higher
doses than those with lower BSA (P =0.00) (Fig. 1).
The optimal LT4 dose was not different when compared
based on DM status (P =0.32) or pathological diagnosis
(P=0.25) (Table 2). Optimal LT4 dose was weakly but
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Fig.1 Final daily LT4 dose by BSA in the 234 patients enrolled in
the study. Median (horizontal line), 25th and 75th percentiles (box),
and range (whiskers) of optimal LT4 dose by BSA of the subjects
enrolled stratified by the median

Table2 Mean differences in LT4 dose based on different variables
using Student’s ¢ test (n=234)

Characteristic Mean difference 95% CI tvalue P value
Gender 17.76 [8.05, 27.47] 3.61 0.0004*
DM —4.44 [— 13.15, 4.27] - 1.00 0.32
Pathology® -39 [—10.7,2.89] —-4.95 0.25
BSAP —16.16 [—22.59, — 9.73] 524 <0.0001*

CI confidence interval
#Pathology, benign vs. malignant
"BSA>1.79 vs. <1.79 m?

positively correlated with BMI (r=0.236, P=0.0003),
BSA (r=0.33, P<0.0001), and weight (r=0.32,
P <0.0001) and inversely correlated with age (r=-0.132,
P=0.04).

Multi-predictor regression models

To predict the continuous numerical outcome that is, opti-
mal LT4 dose, we initially considered 2 models to enter
the selection criteria for the best fit model based on 4 and
6 predictors. The first model’s independent predictors were
age and BMI as continuous variables, and gender and DM
as nominal variables. We added two more predictors to the
second model which were BSA and actual body weight.
The highest R? values that were obtained from the mul-
tiple linear regression models of the 4 and 6 predictors

were 0.194 and 0.21, respectively. Moreover, and by using
polynomial regression for 14 predictors (Gender, DM,
Age, Age?, Age®, BMI, BMI%, BMI®, Weight, Weight?,
Weight®, BSA, BSA2, BSA®), the maximum R? was 0.24.

The presence of small R? values generally indicates that
the initial generated models did not fully explain the vari-
ability in the outcome, creating a notable difference between
the observed and predicted values, which would more or less
hinder the clinical application of such models. We attributed
that to the presence of many repetitive values (i.e. 100 ug) in
the observed outcome, which affected the prediction model
and in turn created a low R,

As all the above methods resulted in relatively small R?,
and using all subset regression method, an updated sam-
ple of 63 observations was found to be the most useful for
modelling. The best linear model was the 7-predictor linear
regression model of height (m), weight (kg), BMI, age, gen-
der, DM, and BSA with an R? that was equal to 0.47.

For the polynomial model, the best model with the largest
R? value was an initial polynomial model with 22 predictors
with an R? of 0.53. Considering that too many predictors
were introduced to the model, another polynomial model
with only 12 predictors was derived, but with an almost
equal R? value that was equal to 0.50 (P=0.00015).

The resultant equation of the cubic polynomial multi-
predictor model was:

Predicted LT4 Dose = —533.5 + (760.1 x Height)
+ (32 x BMI) — (0.445 x Age)
—(680.2 x BSA) — (51.36 x Height?)
+ (0.0919 x Weight?) — (0.00039 x Weight®)
—(0.676 x BMI?) + (0.00496 x BMI®)
—(1.203 x Gender®) + (33.99 x DM?)
—(14.63 x DM?)

The 7-predictor linear model equation was:

Predicted LT4 Dose = 148.569— (63.4 X Height)

—(0.618 x Weight) — (0.385 x BMI)

—(0.48 x Age) — (25.41 x Gender)

+ (1.13xDM) + (118 x BSA)
Based on the analytical observations from our cohort, bivar-
iate analysis between the mean values of optimal LT4 dose
(expressed in pg/kg/day) and BSA was performed showing
a statistical significance (P =0.00). A proposed algorithm
for this model is shown in (Fig. 2).

We tested the resultant predicted values from the three
above-mentioned models on the existing observed optimal
LT4 dose, in addition to the weight-based (1.6 pg/kg) model
for comparison purposes and assessment of models’ perfor-
mance. Given that 25 ug is the smallest incremental dose
in LT4 drug forms, and for consistency and practicality, we
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Fig.2 Proposed algorithm
of LT4 dose titration based
on BSA from a cohort of 234

Calculation of BSA using Mosteller’s formula

subjects

>1.79 m*

<1.79 m*

1.4 pg/ke/d

1.7 pg/kg/d

Table 3 Models performance
compared to the final LT4 dose

LT4 dose estimation

Model performance, n (%)

achieved in the 234 subjects Polynomial Linear BSA (overall) Weight-based
(1.6 pg /kg/
day)
Correct estimation 154 (65.8) 120 (51.3) 151 (64.5) 137 (58.5)
Underestimation 38 (16.24) 11 4.7) 41 (17.52) 36 (15.4)
Overestimation 42 (17.95) 103 (44) 42 (17.95) 61 (26)

Table 4 Detailed performance of BSA algorithm in the 234 subjects

LT4 dose estimation ~ Model performance, n (%)

BSA
>1.79 m <1.79 m?
Overall 1.4 ug/kg/day 1.7 ug/kg/day
Correct estimation 151 (64.5) 72 (61.5) 79 (67.5)
Underestimation 41 (17.52) 20(17) 21 (18)
Overestimation 42 (17.95) 2521 17 (14.5)

considered any prediction values (from all models including
the weight-based model) that fell within (+/-25 pg) of the
predicted dose as a correct estimation of the clinical opti-
mal dose. Consequently, the polynomial model had the best
performance in our sample (65.8%) followed by the BSA
algorithm (64.5%), then the weight-based model (58.5%),
and finally the linear model (51.3%) (Tables 3, 4).

Discussion

Prediction models that aim at finding an accurate initial dose
of LT4 post-total thyroidectomy have been published in the
literature. With their diversity in introducing different pre-
dictors to account for in their formulas, it is easy to deduce
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that there is a need for a universal formula that is charac-
teristically simple and at the same time highly accurate for
dose adjustment. The literature is abundant in identifying
dose adjustments in patients with hypothyroidism, with the
conventional dose of 1.6 ug/kg/day being the average LT4
replacement dose required to normalize elevated TSH val-
ues [1]. Yet still, patients who undergo total thyroidectomy
surgeries are certainly in dire need for replacement, but with
formulas that identify with the ensuing deficiency or the lack
thereof of thyroid hormones. Moreover, and as is the case
with those who have hypothyroidism, it is acknowledged that
such adjustments may be demographically and anthropo-
metrically influenced. Using multiple regression methods,
we were able to generate two formulas: one that is linear
with 7 predictors and the second, which was more fitting,
is polynomial with 12 predictors. Our interpretation relied
mainly on the latter model as it explained 50% of the vari-
ability in the model; a percentage that parallels other fitting
models in the literature [3].

Our results put BSA at the centre of LT4 dose modelling,
as opposed to other studies that used BMI [4—6] and actual
body weight [3, 7-10] as primary predictors of LT4 dose
adjustment. A finding that supports Sukumar and colleagues
[11] in which they found that BSA was more correlated than
body weight in their analysis.

BSA is thought to fare better in distinguishing body fat
from muscle mass, as muscle mass takes up less surface area
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than fat, providing a better estimate of obesity [12], unlike
BMI that lacks that distinction [13]. Furthermore, BSA was
found to be positively associated with thyroid nodules [14,
15], providing what seems to be an established association
between thyroid diseases and BSA. Consequently, we indi-
cate that it is favourable to consider BSA in LT4 dose calcu-
lation as is the case with chemotherapy dose titrations [16].

In conjunction with that, we found that men would require
higher doses than women. However, that difference seems
to be of a lesser important effect as the mean difference was
around 17 pg (Table 2). The similarity in LT4 dose in the
benign and malignant groups reaffirms that our sample was
homogenous and that those who had malignant pathology
were low risk patients who did not require dose suppression.

Baehr et al. used actual body weight as the main predic-
tor of LT4 replacement and factored in the status of malig-
nancy, gender, menopause, and TSH goals [9]. Our sample
was different in that we excluded patients who required
suppressive doses due to malignancy and accordingly, we
achieved a homogenous group that shared the same treat-
ment goal. Interestingly, and among the many models they
generated, Jin et al. came up with two prediction models that
distinguished LT4 dosing of total- from hemi-thyroidectomy
patients (1.5 ug/kg and 1.3 pug/kg respectively) [3]. Although
interesting in that a minute difference between the two mod-
els was demonstrated, we never felt that such distinction
would matter as thyroid lobectomy patients are fundamen-
tally subject to physiological compensation that plays a role
in dose replacement.

The fact that the most fitting model was polynomial in our
study turns our attention to the imperfect nature of predic-
tion models with LT4 titration. Hence, this may be attributed
to one of the two reasons. Firstly, that the titration of Levo-
thyroxine is inherently too complex with the coexistence
of different factors (e.g., physiological, pharmacological,
demographic, and anthropometric) that the use of empirical
dosage seems a pragmatic first-hand choice, or secondly;
the identification of the right set of predictors has not been
established yet. Moreover, the challenge of proper dose ini-
tiation has been steadily addressed in the literature.

The collective scholarly work shows tangible efforts
towards trials of dose estimation. Although few in number,
they provide ample insight into LT4 dosing using various
variables and cofactors. While insightful, the discordance
between statistical results and models performance in the
clinical practice is apparent and raises many questions at
the heart of methodology: Why is it that the performance
of these models has mediocre clinical application despite
the inclusion of logical and common predictors of LT4
in the practice? In order for us to overcome the statistical
constraints and come up with high performance models,
we must ask the right questions before moving into more
sophisticated methods. Another viewpoint is the schematic

statistical methods employed in predicting the optimal LT4
dose; statistical modelling no matter how robust or novel,
will still have limitations if the data itself is statistically
flawed. In conducting this study, we realize the need to re-
examine our conceptual understanding of LT4 dosing. We
argue that the nuanced LT4 titration is principally a condi-
tional outcome with different trajectories, which may in turn
reflect a reductionist and too simplistic approach in model-
ling that masks a deeper analysis. We are also inclined to
stress on interindividual variability and its weight in chang-
ing the model. This assessment is one with the aim of aiding
our quest to find a reproducible model.
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