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Demographic and Clinical Factors Associated With the
Appropriate Target Thyroid-Stimulating Hormone Values
in Patients With Primary Hypothyroidism Treated With
Levothyroxine
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Abstract

Background: Hypothyroidism control is inadequate in up to 30-40%
of patients. This study aimed to determine the control rate of primary
hypothyroidism and the demographic and clinical factors associated
with the hypothyroidism control.

Methods: An observational and retrospective study was conducted
between January 2014 and October 2015. Data were obtained from
174 medical records. Regarding hypothyroidism control analysis, pa-
tients were subdivided into two groups: the appropriate control group
and the inappropriate control group. Autoimmune and post-surgical
hypothyroidism secondary to benign nodular thyroid disease (BNTD)
was classified as of benign etiology, and differentiated thyroid carci-
noma (DTC) as of malignant origin.

Results: The majority of patients consisted of women (93.68%), with
a mean age of 55.53 + 14.13 years old. The most common etiology
was of autoimmune origin (41.95%). Adequate control of hypothy-
roidism was found in 55.17% of patients. Patients who had longer
disease duration (P = 0.002), who kept using the same brand of levo-
thyroxine (P = 0.001) and who were non-smokers (P = 0.004) had
better control, and hypothyroidism from benign etiology also tended
to be associated with better control (P = 0.08).

Conclusions: Primary hypothyroidism still has a high percentage of
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poor control seen worldwide, despite its relatively simple treatment.
In this study, almost 50% of the patients had inadequate control of
hypothyroidism. The factors associated with good control, both of be-
nign and malignant origin, were related to the use of the same brand
of levothyroxine and to not smoking, and the benign etiology group
tended to correlate with better treatment control.

Keywords: Primary hypothyroidism; Thyroid cancer; Autoimmune
hypothyroidism

Introduction

Hypothyroidism is one of the most common endocrine disor-
ders seen worldwide [1-5]. Its treatment aims to restore euthy-
roidism and to normalize metabolic alterations and risks asso-
ciated with uncontrolled disease [6]. The treatments are based
on thyroid-stimulating hormone (TSH) assessment, targeting
the normal range in cases of benign disease, or TSH suppres-
sion for the treatment of differentiated thyroid carcinoma
(DTC) [4, 7]. If under-treated, hypothyroidism may increase
the risk of coronary artery disease and DTC relapse [7-9]. Ad-
ditionally, if over-treated, there is an increased risk of atrial
fibrillation, left ventricular hypertrophy, ischemic heart disease
in adults over 65 years old and bone loss in postmenopausal
women [10-13].

Despite it being theoretically simple to treat hypothyroid-
ism with levothyroxine (LT-4), due to its convenient avail-
ability, low cost and simple dosage, hypothyroidism control is
inadequate in up to 30-40% of patients [1, 2, 14, 15], of which
15-29% of cases may be due to under-treatment and 18-24%
of cases due to over-treatment [1, 2]. The two major causes of
poor control are non-adherence to treatment [4] and the pres-
ence of factors adversely affecting LT-4 therapy [16, 17]. In a
Brazilian study by Bagattoli et al [18], 82% of patients failed
to comply adequately to medical advice, losing follow-up in
36% of cases or not following medical prescription in 66% of
cases, of which 28% ignored the need for the continued use of
LT-4.

Poor control predictors, studied in the population with
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primary hypothyroidism regardless of its origin, are diverse,
and include the use of fiber-rich diets, decreased gastric secre-
tion and the use of medications such as calcium carbonate [19-
22]. However, some recommendations are still controversial,
such as the use of proton pump inhibitor drugs, the change
in LT-4 formulations and the use of generic brands, since the
bioequivalence of the different formulations of LT-4 is contro-
versial [16, 23-29]. The use of LT-4 in a fasting state (30 - 60
min before breakfast), despite disagreement in the literature, is
recommended by the Latin American Thyroid Society (LATS)
Clinical Guidelines of 2013 and by the 2014 Guidelines of the
American Thyroid Association (ATA) [6, 30-33].

Given the high prevalence of primary hypothyroidism, re-
gardless of its etiology, its high rate of poor control and the
potential risks of under- or over-treatment, it is important to
know which predictors are associated with good control to
ensure adequate treatment and to reduce the potential risks
of overt hypothyroidism. Thus, the aim of this study was to
evaluate the control rate of primary hypothyroidism and the
demographic and clinical factors associated with hypothyroid-
ism control in patients followed up in a Brazilian public ter-
tiary hospital.

Materials and Methods

Study design and population

A retrospective study was conducted between January 2014
and October 2015, at the Endocrinology Section of Hospital
Federal da Lagoa (HFL). All patients were seen by one of
seven endocrinologists in this tertiary referral center. Inclusion
criteria were predefined as follows: patients aged older than
18 years old; diagnosed with hypothyroidism of autoimmune
origin, post-thyroidectomy secondary to DTC, or post-thyroid-
ectomy due to benign nodular thyroid disease (BNTD); who
were treated with LT-4 (for either clinical or subclinical hypo-
thyroidism); and who had at least one TSH and a free thyroxin
(FT4) assessment during the studied period. Exclusion criteria
included the following: younger than 18 years old, pregnant
women, use of amiodarone, ferrous sulfate, carbamazepine,
phenytoin or rifampicin and those with unavailable TSH and
FT4 measurement in the studied period.

Data collection

The following data were collected from data available in pa-
per-based or electronic medical records: patient’s age at the
last consultation (in years), gender (male or female), ethnic-
ity (Caucasians or non-Caucasians), education (illiterate; until
fourth grade of elementary school; until the eighth grade of ele-
mentary school; high school; or superior diploma), the family’s
monthly income (up to two minimum wages; or more than two
minimum wages), hypothyroidism’s etiology (autoimmune;
after thyroidectomy due to BNTD or after thyroidectomy by
DTC), the disease duration (in months), the most recent TSH
(mIU/L) and FT4 (ng/dL) values, the use of the same LT-4
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brand for the last 3 months prior to laboratory testing, the use
of LT-4’s name-brand or generic brand, the presence of comor-
bidities (dyslipidemia (if lipids above the upper limit of normal
range or the use of antilipemics drugs); type 2 diabetes mellitus
(T2DM, if fasting plasma glucose levels > 126 mg/dL in two
distinct occasions; 2-h plasma glucose level > 200 mg/dL dur-
ing a 75-g oral glucose tolerance test; random plasma glucose
> 200 mg/dL in a patient with classic symptoms of hypergly-
cemia; or the use of anti-diabetic medication), obesity (if body
mass index (BMI) > 30 kg/m?) or hypertension (whether sys-
tolic and/or diastolic blood pressure > 140 and/or > 90 mm Hg,
respectively, or the use of antihypertensive medications)) and
the presence of smoking (> 1 cigarette/day) or current alcohol
consumption (daily consumption reported in records) [34-36].

Patients were divided into separate groups to carry out two
types of analysis. For the hypothyroidism control analysis, pa-
tients were subdivided into two groups: the appropriate control
group and the inappropriate control group, based on the ap-
proach taken by the attending physician registered in medi-
cal records. Each of the seven endocrinologists used the latest
guidelines prevailing during the studied period (which were
ATA’s hypothyroidism guideline from 2014 and ATA’s DTC
guideline from 2009) [33, 37]. Patients were included on the
controlled group if no LT-4 dose adjustment was performed,
during the entire studied period, after analyzing several TSH
and FT4 values, while those in the uncontrolled group had
their LT-4 dose adjusted taking into account the patient’s age,
weight and the hypothyroidism’s etiology.

Briefly, for hypothyroidism of benign origin, adequate
control was defined as a TSH value within the reference range
(0.4 - 4.0 mIU/L) [33]. And for DTC, TSH-suppressive ther-
apy was sought for patients with persistent disease, in the ab-
sence of specific contraindications or for high risk disease pa-
tients clinically and biochemically free of disease (serum TSH
below 0.1 mIU/L indefinitely or of 0.1 - 0.5 mIU/L for 5 - 10
years, respectively). For patients with low risk for recurrence,
the serum TSH was kept within the low normal range (0.3 - 2
mlIU/L) [37].

In relation to disease duration, the estimated time of hy-
pothyroidism from a benign origin was considered to start at
diagnosis and from a malignant origin immediately after thy-
roidectomy was performed.

Regarding the etiology of primary hypothyroidism, those
of benign etiology were included in a group that consisted of
patients with autoimmune hypothyroidism or hypothyroidism
from thyroidectomy for BNTD, while another group, of ma-
lignant origin, was composed of patients with hypothyroid-
ism due to thyroidectomy for DTC. Patients were classified
as having autoimmune hypothyroidism if elevated anti-thyroid
peroxidase antibodies were present, and registered in medical
records; as having benign hypothyroidism post-thyroidectomy
if thyroidectomy was registered in health records for BNTD,
and pathological examination confirmed its benign origin; or
from malignant origin if thyroidectomy records were compat-
ible with thyroid carcinoma, along with a pathological descrip-
tion confirming carcinoma.

Serum TSH and FT4 values were collected in HFL’s labo-
ratory and were determined in all participants by a chemilumi-
nescent immune-metric assay (Diagnostic Products Corpora-
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Table 1. Demographic and Clinical Data

Variables Data*
Male/female, N (%) 11 (6.32%)/163 (93.68%)
Age (years) 55.53 +£14.13
Disease duration (months) 48 (3 - 600)
TSH value (mIU/L) 2.09 (0.004 - 40.50)
Free T4 value (ng/dL) 1.19 (0.41 -2.22)
Ethnicity (n=173)
Caucasians 112 (64.74%)

Non-Caucasians
Education (n=173)
Illiterate
Until fourth grade of elementary school
Until eight grade of elementary school
High school
Superior diploma
Monthly income (n = 168)
< 2 minimum wages
> 2 minimum wages
Etiology (n = 174)
Autoimmune
Thyroidectomy due to cancer
Thyroidectomy due to BNTD
Overall etiology (n = 174)
Benign

Malignant

61 (35.26%)

28 (16.18%)
48 (27.75%)
38 (21.96%)
43 (24.86%)
16 (9.25%)

99 (58.93%)
69 (41.07%)

73 (41.95%)
51 (29.31%)
50 (28.74%)

123 (70.69%)
51(29.31%)

*Data are presented as N (%), mean + SD or median (min. - max.), according to the variable. “N”

indicates the number of patients.

tion, Automatic Instrument Immulite 2000%), with reference
values ranging from 0.4 to 4.0 mIU/L and 0.8 to 1.9 ng/dL,
respectively.

Statistical analysis

The statistical analyses were performed using SPSS version
20.0 for MacOS (SPSS Inc., Chicago, IL). Most of the varia-
bles except age were not found to follow a normal distribution
using the Kolmogorov-Smirnov test. For the descriptive analy-
sis, categorical variables were expressed as the percentage and
frequency, and numerical variables were expressed as mean +
SD or median (minimum - maximum) according to their dis-
tribution pattern. Student’s #-test or the Mann-Whitney U tests
were performed to compare the numerical variables between
the two groups according to their distributions. Fisher’s exact
test and Chi-square test were used to compare categorical vari-
ables. A P-value < 0.05 was considered statistically significant.
P-values > 0.05 and < 0.09 were considered to indicate a ten-
dency towards statistical significance.
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A power calculator was used considering a local popula-
tion of 6 million in Rio de Janeiro and an overall prevalence of
1.5-9% of primary hypothyroidism [4, 6].

Results

Out of 216 selected patients with primary hypothyroidism, 42
were excluded for not having available TSH and/or FT4 as-
sessments, or for not having a well-defined hypothyroidism
etiology. Clinical and demographic data of the 174 patients
included in this study are shown in Table 1.

The majority of patients consisted of women (93.68%),
with a mean age of 55.53 + 14.13 years and of Caucasian eth-
nicity (64.74%). Most of the patients studied until fourth grade
(27.74%), and a minority had a superior education diploma
(9.25%). The median disease duration was 48 months (3 - 600),
with a median TSH value of 2.09 mIU/L (0.004 - 40.50) and
FT4 value of 1.19 ng/dL (0.41 - 2.22). The most common eti-
ology was of autoimmune origin (41.95%), followed by post-
thyroidectomy for DTC (29.31%) and post-thyroidectomy for
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Table 2. Data According to Overall Etiology

Benign Malignant P-value
Age (years) 57.37+13.73 51.08 £ 14.22 0.008
Disease duration (months) 60 (3 - 600) 24 (3 - 288) <0.001
TSH value (mIU/L) 2.56 (0.004 - 40.50) 0.89 (0.004 - 36.29) 0.010
FT4 value (ng/dL) 1.17 (0.57 - 1.83) 1.36 (0.41 - 2.22) 0.018

BNTD (28.74%).

Taken together, benign etiologies were the most frequent
hypothyroidism cause (70.69%), in which the mean age was
higher in the benign group compared to the malignant etiol-
ogy group (57.37 + 13.73 vs. 51.08 + 14.22, respectively; P
=0.008). The median disease duration was also higher in the
benign group (60 (3 - 600) vs. 24 months (3 - 288); P<0.001).
The median TSH level in the benign group was higher (2.56
(0.004 - 40.50) vs. 0.89 mIU/L (0.004 - 36.29); P = 0.01),
while the median FT4 value was lower in the benign etiol-
ogy group (1.17 (0.57 - 1.18) vs. 1.36 ng/dL (0.41 - 2.22); P=
0.018) (Table 2).

Regarding hypothyroidism control rate, 55.17% of pa-
tients achieved adequate control. The median disease duration
was higher in the controlled group compared to the uncon-
trolled group (48 (4 - 480) vs. 36 months (3 - 600), respec-
tively; P = 0.02), as opposed to the median TSH values (1.60
(0.01-31.31) vs. 6.83 (0.004 - 40.50) mIU/L, respectively; P
< 0.001). The mean age and median FT4 were not different
between the groups according to hypothyroidism control rate.

Statistically significant differences were observed with the
use of the same LT-4 brand, which was associated as a good
control of hypothyroidism, compared to patients who changed
the brand of LT-4 (P = 0.01). Additionally, smoking proved to
be associated with poor control, with adequate control only ob-
served in 0.01% of smokers (P = 0.04). A trend was observed
regarding adequate control in the benign etiology group, which
was higher, compared to the malignant etiology group (P =
0.08) (Table 3).

Current drinking, dyslipidemia, T2D, hypertension and
obesity were not associated with hypothyroidism control.

Discussion

In this study, the control rate of primary hypothyroidism, of
both benign (autoimmune and hypothyroidism from thyroid-
ectomy for BNTD) and malignant origin (post-thyroidectomy
due to DTC), was analyzed, as well as possible factors for good
control. This study represents real life in the treatment and
follow-up of patients with hypothyroidism. In the literature,
data comparing control rate to hypothyroidism from malig-
nant cases are scarce. Studies that determine hypothyroidism
control rates do not mention hypothyroidism from malignant
etiology, and only address cases of hypothyroidism from be-
nign origin. As opposed to these studies available, in this se-
ries, every group was taken into account, and no significant
difference was found in hypothyroidism control rate among
different etiologies. Adequate control rates were observed in

approximately 76% of patients in the benign origin group and
in almost 24% in the malignant group (P = 0.08). According
to the literature, the average control rate of primary hypothy-
roidism ranged from 60% to 70% [1, 2, 14, 15] and the main
predictors studied were of poor and not good control.

Our data revealed a good control rate of primary hypo-
thyroidism regardless of origin (55.17%) under international
studies’ average (60-70%), but similar to a Brazilian study
conducted by Vaisman et al (57.3%) [38]. One of the most
common causes of inadequate control is associated to poor
treatment adherence, with up to 28% of patients ignoring the
need for the continued use of LT-4 [4, 16].

The female population was more prevalent among patients
(93.67%) and also in the benign etiology group (72.39%), as
observed globally in which hypothyroidism is more common
in women, both of autoimmune etiology (6.2% in women and
1.2% men) and due to cancer (carcinoma is 2.5 times more
prevalent in women) [39]. Although some patients’ character-
istics, such as Caucasian ethnicity or education, were not as-
sociated with control of hypothyroidism in our study, similar
findings regarding adequate treatment were observed in EL-
SA-Brazil’s study [5], in which female and Caucasian patients
were the most adherent to treatment. Unlike this study, which
showed a higher prevalence of treatment in patients with high-
er income, in our study, the majority of patients had an income
of less than two minimum wages (58.92%), probably because
our hospital is a public institution whose attended population
has lower economic and social status.

In addition to the median disease duration (60 months), the
patient’s age was higher in the benign group, which is not sur-
prising since there is more urgency to perform thyroidectomy
in DTC compared with those undergoing surgery for benign
disease, although no generalization can be made regarding age
at diagnosis and, therefore, no comparison to data found in the
literature can be established. Furthermore, the TSH value was
higher and FT4 lower in the benign group, compatible with
the treatment’s objective for hypothyroidism of benign origin:
TSH and FT4 within normal range [6]; unlike suppressed TSH
sought in most treatments for DTC [7].

A statistical trend of adequate control was observed in
the benign etiology group compared to the malignant group,
which can be explained by the fact that since these patients
have presented greater disease duration, they could have had
more medical visits and LT-4 dose adjustments than in the
other group. Another explanation would be that the TSH treat-
ment target in this population is higher with a wider acceptable
range. No data were found comparing these findings in the lit-
erature. Regardless of hypothyroidism’s etiology, the disease
duration was a factor for good control, supporting the hypothe-
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Table 3. Patients Profile Based on Hypothyroidism Control and the Demographic and Clinical Factors Associ-

ated With Hypothyroidism Control

Adequate Inadequate P-value

Etiology 0.08
Benign 73 (76.04%) 50 (64.10%)

Malignant 23 (23.96%) 28 (35.90%)

Sex 0.96
Male 6 (6.25%) 5(6.41%)

Female 90 (93.75%) 73 (93.59%)

Ethnicity 0.78
Caucasians 63 (65.63%) 49 (63.64%)
Non-Caucasians 33 (34.37%) 28 (36.36%)

Education 0.99

Iliterate 16 (16.84%) 12 (15.38%)
Up to fourth grade of elementary school 26 (27.37%) 22 (28.21%)
Up to eighth grade of elementary school 20 (21.05%) 18 (23.08%)
High school 24 (25.26%) 19 (24.36%)
Superior diploma 9 (9.48%) 7 (8.97%)

Monthly income 0.28
< 2 minimum wages 52 (55.32%) 47 (63.51%)
> 2 minimum wages 42 (44.68%) 27 (36.49%)

Use of the same LT-4 brand 0.01
Yes 87 (90.63%) 59 (76.62%)

No 9 (9.37%) 18 (23.38%)

LT-4 brand 0.55
Generic 13 (14.94%) 11 (18.64%)

Name-brand 74 (85.06%) 48 (81.36%)

Fasting 0.22
Yes 92 (95.83%) 71 (91.03%)

No 4 (4.17%) 7 (8.97%)

Current smoking 0.04
Yes 1 (0.01%) 6 (7.69%)

No 95 (99.99%) 72 (92.31%)

sis already demonstrated that longer disease duration is a good
control factor in both malignant and benign etiology groups.
The use of the same LT-4 brand during treatment was asso-
ciated with adequate hypothyroidism control. These results are
in agreement with current recommendations for hypothyroid-
ism treatment, which suggest that, due to studies showing the
lack of bioequivalence between different LT-4 preparations, it
is more prudent to use the same brand during the entire treat-
ment [6, 33]. There was no difference between generic LT-4
brands and name brands regarding control rate, also observed
in studies conducted by Bagattoli et al [18] and Dong et al
[29]. Contrary to LATS and ATA’s latest recommendations on
the use of LT-4 in a fasting state (30 - 60 min before breakfast),
in our study no statistically significant difference was observed

in the administration of LT-4 with or without fasting.

Only few studies available in the literature compared
smoking to thyroid function modifications. The majority
shows that smoking decreases TSH levels [40, 41]. Only one
study revealed increased TSH value in smoking women who
used LT-4, compared to smoking women who did not use LT-4
[42], which corroborates with our data showing that smoking
is associated to poor control. Although low serum TSH also
reflects poor control, interestingly, 100% of smokers belonged
to the benign group.

Our study has some limitations. Since this study mirrors
real life, the groups analyzed were very heterogeneous. And
because this is a retrospective study, the assessment on proper
treatment was impaired, and the patient’s age at diagnosis was
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not analyzed. As well as disease duration from autoimmune or-
igin was not precise and could only be estimated at diagnosis.

In conclusion, primary hypothyroidism is a very common
disease with a high percentage of poor control seen world-
wide, despite its relatively simple treatment. In this study, only
55.17% of the patients achieved adequate control of hypothy-
roidism. Factors associated with good control were longer dis-
ease duration, the continued use of the same LT-4 brand and
not smoking, findings still not robustly reported in the litera-
ture. Prospective and controlled studies are needed to better
analyze these factors so that, in the future, poor control rates
can be lowered globally.
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