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Abstract

Background: The initial doses of levothyroxine (LT4) replacement
therapy in patients with hypothyroidism in clinical practice are usu-
ally empirical, perhaps because of the lack of data suggesting how
much hormone is needed in each patient’s situation. The aim of our
study is to evaluate the daily dose of oral LT4 needed to achieve
the TSH goals in patients with hypothyroidism caused by different
etiologies.

Methods: Patients were divided and analyzed according to the
etiology of the hypothyroidism. We retrospectively evaluated data
from 557 patients (501 women) with hypothyroidism who had nor-
mal serum TSH and free T4 (FT4) levels in at least two consecu-
tive appointments in which they were using the same levothyroxine
doses.

Results: The mean dose of levothyroxine in the total sample was
91.3 +£37.18 pg/day (1.39 + 0.63 pg/kg/day). Stratifying by group:
central hypothyroidism 53.94 + 28.07 pg/day (0.82 + 0.48 pg/kg/
day); primary hypothyroidism (no intervention) 81.37 + 29.84 ug/
day (1.25 + 0.53 pg/kg/day); post radioactive iodine (I'*') 97.42
+ 28.32 pg/day (1.33 + 0.55 pg/kg/day); post-thyroidectomy for
benign causes 102.8 £+ 36.96 pg/day (1.54 &+ 0.59 pg/kg/day); post-
thyroidectomy for thyroid cancer 138.5 +35.25 pg/day (2.17 + 0.58

pg/kg-day).
Conclusions: The dose of LT4 required to stabilize the patient var-

ies according to different hypothyroidism etiologies.

Keywords: Levothyroxine; Primary hypothyroidism; Thyroidec-
tomy; Radioactive iodine; Central hypothyroidism

Manuscript accepted for publication April 15, 2013

“Departamento de Medicina Clinica, HUOL - Hospital Universitario
Onofre Lopes, UFRN, Natal, RN, Brazil

CEN - Centro de Endocrinologia de Natal, Natal, RN, Brazil
“Corresponding author: Josivan Gomes de Lima, Departamento de
Medicina Clinica, HUOL - Hospital Universitario Onofre Lopes,
UFRN, Natal, RN, Brazil. Email: josivanlima@gmail.com

doi: http://dx.doi.org/10.4021/jem165w

Introduction

Hypothyroidism is a condition defined by partial or total
deficit of thyroid hormone. It is a common condition and is
more prevalent in women, especially the most elderly [1].
The National Health and Nutrition Examination Survey III
(NHANES III) data estimates the prevalence of hypothy-
roidism in the American population at 0.3% [2]. Studies in
the United States, Europe, and Japan have reported the prev-
alence of hypothyroidism to be between 0.6 and 12 per 1,000
in women and between 1.3 and 4.0 per 1,000 in men [3].

A variety of functional or structural disorders can cause
hypothyroidism. Primary hypothyroidism is the inability of
the thyroid gland to supply a sufficient amount of the thyroid
hormone and can be caused by inherited biosynthetic de-
fects, deficient iodine supply, inhibition of hormonogenesis
by various drugs and chemicals, or, most commonly, auto-
immune dysfunction. Central hypothyroidism is due to in-
adequate stimulation of an intrinsically normal thyroid gland
resulting from a defect at the level of the pituitary (secondary
hypothyroidism) or the hypothalamus (tertiary hypothyroid-
ism). Hypothyroidism can also be caused by ablation with
radioactive iodine (I'*') or by thyroidectomy for benign or
malign conditions.

Hypothyroidism is preferably treated with thyroid hor-
mone replacement in the form of levothyroxine, due to its
prolonged half-life, absorption (80% intestinal, predomi-
nantly jejunal), and good oral availability. It should be ad-
ministered in a single daily dose, before the first meal, given
the fact that it is better absorbed in the fasting state [4].

In clinical practice, the goal of treatment is to keep nor-
mal serum levels of Thyroid Stimulating Hormone (TSH),
except in post-surgery thyroid cancer patients, in which the
goal is to keep TSH at suppressed levels; and in central hy-
pothyroidism patients, in which the goal is to keep serum
levels of Free Thyroxin (FT4) in the upper half of the nor-
mal range [5]. However, the necessary levothyroxine dose
to be complemented in order to normalize hormone levels
depends on several factors, including: etiology of the hypo-
thyroidism, age, weight, gender, duration and severity of hy-
pothyroidism, and associated comorbidities (heart disease,
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for example) [5].

For the complete hormone replacement in young adults
with no active thyroid tissue, some authors defend that the
expected daily dose required to fulfill the goals above vary
from 100 to 150 pg for women or 125 to 200 pg for men. If
calculated by kg, the dose varies from 1.6 to 1.8 pg/kg/day.
However, this has not been well characterized yet [5]. Never-
theless, for newly diagnosed patients with hypothyroidism, it
is difficult to predict the final dose each patient will require,
so that often the dose is started empirically and adjustments
are performed according to TSH and/or FT4 results. Further-
more, beyond the factors previously described, it is possible
that regional or ethnic factors may play a role in the variation
of required levothyroxine dose. Therefore, studies in differ-
ent populations may help clarify these factors to help clini-
cians in choosing the closest initial dose of levothyroxine
required for patients with hypothyroidism, thereby reducing
the costs of hormonal dosages.

The aim of this study was to evaluate the required daily
dose of levothyroxine to achieve the goal of TSH according
to the etiology of hypothyroidism, gender, weight and age.

P value i
0.001
0.527
0.496

Post thyroidectomy (malign

causes)
58 (93.5)

534
26.2

Materials and Methods

Post thyroidectomy (benign

causes)
88 (95.7)

54.6
26.6

Data of 1324 patients with hypothyroidism were evaluated
retrospectively from June 2006 to January 2012. Inclusion
criteria were euthyroidism (TSH between 0.4 and 4.0 ng/dL,
FT4 between 0.5 and 2.2 ng/dL) in two consecutive visits,
on the same levothyroxine dose for both visits. An exception
was necessary regarding the patients who underwent thy-
roidectomy because of thyroid cancer, for which the normal
range was established as TSH < 0.4 ng/dL and FT4 between
0.5 and 2.2 ng/dL. The final eligible sample was 547 patients.

The patients were divided into the following groups ac-
cording to the etiology of hypothyroidism: primary hypothy-
roidism (n = 357), hypothyroidism post-ablation with radio-
active iodine (n = 20), post-thyroidectomy hypothyroidism
for benign causes (n = 92), post-thyroidectomy hypothyroid-
ism for malignant causes (n = 62), and central (pituitary or
hypothalamic) hypothyroidism (n = 16).

The entire sample was stratified by age into the follow-
ing groups: 20 years or younger, 21 to 30 years, 31 to 40
years, 41 to 50 years, 51 to 60 years, 61 to 70 years, and older
than 70 years. As there were no data regarding menopausal
status in women, the female sample was stratified into two
groups in order to evaluate some possible influence of estro-
gen on the levothyroxine requirement: 50 years or younger
and older than 50 years. The following variables were col-
lected: age, gender, weight, body mass index (BMI), type of
hypothyroidism, TSH, FT4, and levothyroxine dose at each
visit. BMI was calculated dividing the weight by the squared
height and the population was stratified into normal weight
(BMI < 25 kg/m?), overweight (BMI > 25 kg/m? and < 30 kg/

Post-I"*!
18 (90.0)
50.4
28.4

Central
Hypothyroidism
9 (56.3)

49.7

27.5

Primary
Hypothyroidism
321 (89.9)

51.7

26.8

Women n (%)
Age (Mean, years)
BMI (Mean, kg/m?)

Table 1. Baseline Characteristics of Eligible Population According to Etiology of Hypothyroidism

(F) P value for comparison between groups.
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Table 2. Mean Dose of Levothyroxine (ug) According to the Hypothyroidism Etiology

CH' PH? Post-I'*! Thyroidectomy Thyroidectomy P value®
(n=16) (n=357) (n=20) (benign) (n=92) (neoplasia) (n = 62)
Dose/day 53.94 81.37 97.42 102.8 138.5 <0.0001
SD 28.07 29.84 28.32 36.96 35.25 -
Dose/weight/day ~ 0.81 1.24 1.33 1.54 2.16 <0.0001
SD 0.48 0.53 0.55 0.59 0.58 -

'CH: central hypothyroidism. 2PH: primary hypothyroidism. Dose/day: ug/day. Dose/weight/day: ug/kg/day. SD: standard deviation. (*)
P value for comparison among the groups. Bonferroni’s post-hoc analysis: Hypothyroidism for malignant causes vs all other: P < 0.001;
CH vs PH: P = 0.008; CH vs Post-1"*": P = 0.001; CH vs post thyroidectomy: P < 0.001; PH vs Post I"*": P = 0.319; PH vs thyroidectomy
for benign causes: P < 0.001; Post I'*! vs thyroidectomy for benign causes: P = 1.0.

m?), and obese (defined as BMI > 30 kg/m?). Also collected
in the post-surgery group was the cause of surgery (benign
or malignant), and in the primary hypothyroidism group the
diagnosis of Hashimoto was based on the presence of thyroid
antibodies.

The analyses were performed using Graphpad Prism
4.0 and SPSS v.13 for Windows, with the data expressed as
mean = SD if the distribution is parametric or median (range)
if nonparametric. Chi-square tests, t-tests, and analysis of
variance were used for comparisons according to character-
istics of analyzed variables (parametric or non-parametric
tests for continuous variables and the y? test and Fischer ex-
act test for categorical variables). The ANOVA method was
used for multiple comparisons for continuous variables and
Bonferroni’s post-hoc analysis was also used when appropri-
ate. Linear regression was performed using coefficients of
the linear equation, involving independent variables in order
to predict the influence of the levothyroxine required dose
(dependent variable), using an enter model. The probability
(P value) less than 0.05 was considered statistically signifi-

cant and 95% confidence intervals (CI95) were calculated
when appropriate.

Results

In the total eligible sample, 90.1% (n = 494) were females.
Patients were 7 to 93 years old with mean of 52.3 + 16.2
years and there was no difference in age between the groups
stratified by etiology (Table 1) (for baseline characteristics
of population). The only difference was in gender, as in the
group of central hypothyroidism there was not a great pre-
ponderance of females.

In the total sample, the mean TSH and FT4 levels in the
second visit were 1.53 + 0.1 ng/dL and 1.39 + 0.34 ng/dL,
respectively. There was no difference among the groups, (P
=0.65 and P = 0.29, respectively) with the exception of the
post-thyroidectomy for the carcinoma group (mean TSH of
0.08 + 0.09 U/mL and FT4 1.8 + 0.5 ng/dL) and the central
hypothyroidism group (mean TSH of 1.4 = 0.7 U/mL and

Table 3. Mean Dose of Levothyroxine (ug) According to Age (Years)

<20 21-30 31-40

41-50

51-60 61-70 >70

Years =23) (=36) (m=53) (=119 (=148) (n=101) (m=62) T alue
Dose/day 7017 9829 90 97.82 92.45 84.61 9157  0.02
SD 3170 4742 37.87 3582 36.40 32.99 1.06 -
Dose/weight/day 1.66 1.49 1.4 1.41 1.41 1.27 1.37 0.24
SD 1.005 0.76 0.66 0.60 0.58 0.51 0.32 -

Dose/day: pg/day. Dose/weight/day: pg/kg/day. SD: standard deviation.
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Table 4. Linear Regression for Final Required Levothyroxine Doses (Depen-

dent Variable).
Variable P Coefficient P Value(¥)
BMI -0.112 0.165
Weight 0.229 0.004
Age -0.024 0.550
Gender 0.111 0.006
Etiology 0.492 <0.001

(*) a variable was considered independently significant only when the p value was
below the threshold for Bonferroni’s correction (in this case P value < 0.01).

FT4 1.1 £0.7 ng/dL).

In the primary hypothyroidism group, the Hashimoto
diagnosis was confirmed in 14% of cases (n = 50) based on
positivity of anti-thyroid autoantibodies. In 11.8% of pa-
tients (n = 42), this diagnosis was not confirmed (negative
antibodies). For the remaining (74.2%, n = 265), no data
were available.

The mean dose of levothyroxine for the total sample
was 91.2 + 37.1 pg/day and, adjusting by the weight, it was
1.39 + 0.63 pg/kg/day. The replacement dose of levothy-
roxine varied according to the etiology of hypothyroidism.
The mean daily doses of levothyroxine, adjusted per body
weight, were higher in the post thyroidectomy for the ma-
lignant cause group and lower in the central hypothyroidism
group. Table 2 shows an overall comparison among the re-
placement doses in the groups stratified by etiology. Accord-
ing to gender, there were no differences between women and
men, neither in the levothyroxine daily dose (90.7 £ 36.5 vs.
97.3 £42.5 pg/day, P=0.22), nor in the per kg dose (1.40 =
0.58 vs. 1.44 £ 0.82 pg/kg/day, P = 0.64).

Table 3 shows an overall comparison between the re-
placement doses among the groups stratified by age. The
group < 20 years old had the lowest daily dose, but the high-
est dose per corporal weight. This can be justified by the fact
that the youngest group presented the lowest mean weight
(46.8 kg). The 20 - 30 year-old group had the highest daily
dose, 98.29 pg/day (1.49 pg/kg/day). The total daily dose
decreased after age 50 (P =0.02), but there was no statistical
difference between the dose per body weight in any of the
groups (P =0.24).

In order to evaluate whether the body weight (BMI) also
influences the required dose, the total sample was stratified
by BMI. Interestingly, there were no differences in the le-
vothyroxine replacement dose among the groups of normal
BMI, overweight, and obese (P = 0.465). However, analyz-
ing multiple variables in a linear regression, using the re-
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quired levothyroxine dose as the dependent variable, the
weight (but not the BMI), gender, and etiology of hypothy-
roidism were independently associated with the final dose of
LT4 (Table 4) in the total sample, even considering a more
strict p value (by Bonferroni’s correction). Similarly, for the
primary hypothyroidism sample, both weight and gender
were associated with the required levothyroxine dose (P val-
ues 0.014 and 0.011, respectively).

Stratifying the female sample by age (< 50 years vs. >50
years), it was found that the mean dose/day (93.38 + 38 vs.
88.60 £ 35.4 pg/day, P = 0.14) and the mean dose/day ad-
justed by weight (1.44 £ 0.64 vs.1.35 + 0.58 pg/kg/day, P =
0.10) were slightly higher in the group < 50 years. However,
these findings were not statistically significant.

Discussion

In this study we found that the levothyroxine replacement
dose increases in the following order: central hypothyroid-
ism, primary hypothyroidism, post ablation with 1**! hypo-
thyroidism, post-surgery hypothyroidism (non-cancer), and
post-surgery hypothyroidism (cancer). An explanation for
such findings could be that patients with less residual func-
tioning thyroid tissue may require higher doses than those
with more residual tissue. These results are important in that
they can help physicians and endocrinologists in choosing
the initial dose of levothyroxine replacement in patients with
hypothyroidism.

The etiology of hypothyroidism influences the levothy-
roxine replacement dose, since it is inversely correlated with
the functionality of thyroid tissue. Patients who have had
a total thyroidectomy or radioactive-iodine ablation of the
thyroid may require higher doses than those with residual
functioning thyroid tissue [5].

The levothyroxine dose needed for suppression of TSH

www.jofem.org
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in patients with thyroid carcinoma has usually been reported
to be 2.2 ng/kg/day, but replacement doses needed for euthy-
roidism in athyreotic patients with thyroid carcinoma have
not been well characterized in a sizable population [6]. Other
authors described a mean levothyroxine dosage for post-thy-
roidectomy hypothyroidism for malignant causes between
2.04 and 2.11 pg/kg/day [5-7]. This dosage is similar to that
found in our study. In the post-thyroidectomy hypothyroid-
ism (non-cancer) group, the dose was lower. Patients who
underwent thyroidectomy for benign causes can have some
residual thyroid mass producing thyroid hormones, requir-
ing a lower dose of levothyroxine. Besides that, the goal of
hormone levels in the malignant group is the suppression of
TSH (TSH < 0.4), differently from the other groups, and for
that, a higher dose of levothyroxine is needed.

Gordon et al found that the dose needed for patients who
underwent ablation with iodine is 1.56 pg/kg/day [5], slightly
higher than that found in our study (1.33 £+ 0.55 ug/kg/day).
It is expected that these patients require less hormone than
the post-surgery group and more hormone than the primary
hypothyroidism group, as the I'*! ablation can leave more re-
sidual functioning thyroid tissue than surgery, but less tissue
than the causes of primary hypothyroidism. Interestingly, in
this study [5] the doses required to normalize TSH in be-
nign cases (excluding cancer) were lower than in other stud-
ies in different populations. This contrast could mean either
a difference in clinical therapeutic targets proposed by our
physicians or ethnic differences or even molecular variations
(deiodinases expression, for example). Obviously, method-
ological differences could also explain these results.

Gordon et al also showed [5] that the replacement dose
of levothyroxine for patients with central hypothyroidism
(CH) was significantly higher than that for the other groups
(150 pg/day); however, this was the dose needed to keep se-
rum levels of LT4 on the upper half of the normal range.
Ferretti et al [8] found the mean daily dose of 1.5 £ 0.3 pg/
kg for these patients, again a higher dose than that found
in our study. Another study found no difference between re-
placement doses in patients with central or primary hypothy-
roidism [9]. In our analysis we found that these two groups
required the lowest doses among all causes of hypothyroid-
ism, and there was a statistical difference between the daily
levothyroxine doses for body weight in these two groups
(P =0.01) with the CH group needing the smaller dose. In
general, no consensus has yet been achieved concerning the
evaluation of the adequacy of the FT4 replacement dose [8].

We found that there was no statistical difference among
TSH and FT4 levels in the different age groups. Previous
studies revealed that age was found to affect the dose of le-
vothyroxine needed for normalization of serum TSH. The
dose per kg of body weight was found to be inversely re-
lated to age [10]. Rosenbaum et al [11] found that elderly
patients with hypothyroidism need less daily levothyroxine
than younger patients. On the other hand, Franklyn et al sug-
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gested that increasing age alone does not significantly influ-
ence thyroid hormone measurements [12]. A more recent
study also suggested that age does not directly affect FT4
replacement requirements, and age-based differences in dos-
es are secondary to differences in body weight and gender
[13]. These findings correlate to the results of our categorical
analyses.

In the female patients, there was also no statistical differ-
ence between the doses on the supposed pre- and post-meno-
pausal groups. Although menopause does not bring marked
changes in thyroid function, it nevertheless tends to reduce
that function, especially when menopause occurs at the ex-
pected time [ 14]. Some studies have demonstrated influences
of estrogens on the development, physiology, and pathology
of the thyroid gland causing proliferation of thyroid tissue,
which contains a large number of estrogen receptors [15].
However, it was shown that the effects of estrogen in the
thyroid gland may be rather indirect, as a consequence of in-
creased serum levels of thyroxin-binding globulin (TBG) in
premenopausal women compared with those in menopause
[12]. Other data suggest that these hormones may act direct-
ly on the pituitary through the release of TSH.

The data presented above explain the findings of previ-
ous studies (13) in which doses of levothyroxine needed for
patients in menopause were smaller (1.49 pg/kg/day) than
those of premenopausal patients (1.51 pg/kg/day). In our
study, considering women under and over 50 years old, the
dose was higher for the younger patients (< 50 years), but the
difference was not statistically significant.

Our study had some limitations, but we do not believe
these compromised the final results. This was a retrospective
transversal study; therefore, we could only estimate but not
determine whether there were causality relations between
our variables. Although four different commercial prepara-
tions of levothyroxine were used for replacement, patients
did not change from one to another during the study. The
large number of patients and the fact that we considered two
consecutive normal tests to ensure the stability of the dose
of levothyroxine are strengths of our study, minimizing the
potential limitations.

The findings of this study may help clinicians and endo-
crinologists who deal with hypothyroidism care. Our study
reveals important characteristics of levothyroxine replace-
ment, demonstrating differences in mean doses required for
clinical management, according to the etiology of hypothy-
roidism. Furthermore, it was also observed that the etiology
of hypothyroidism and weight of the patient may play a role
in the total required levothyroxine daily dose. The initial lev-
el of TSH at diagnosis should also influence the dose needed
for TSH normalization because it describes an estimate of
the thyroid endogenous production.

In conclusion, the daily dose of levothyroxine required
by patients with hypothyroidism varies according to the dif-
ferent etiologies, being lower in patients with central hypo-
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thyroidism and higher in patients with post-thyroidectomy
due to thyroid carcinoma. There is no difference in the dose
per kg/day according to age, but younger patients require
smaller total doses per day. In addition, there is a linear asso-
ciation between the levothyroxine required dose and weight.
This information can help the practitioner in choosing the
initial replacement dose of levothyroxine.
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