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Abstract
In the treatment of hypothyroidism, thyroid-stimulating
hormone (TSH) and thyroid hormones are measured and
the levothyroxine dose is adjusted in order to achieve a
euthyroid state. The initial dose is calculated according to
weight, but other factors can influence the dose required to
stabilize TSH.

Objective: To estimate the percentage of patients who
achieve good control of TSH over a 4-year follow-up period;
to assess the factors associated with TSH instability.

Design: Retrospective population-based cohort study of
patients treated for hypothyroidism in a health region in
Catalonia, Spain (2010-2014). The data were obtained from
the pharmacy drug dispensation register included in the
computerized medical records of the regional health
system.

Setting: Lleida health region (Catalonia, Spain).

Participants: All patients who had an initial normal TSH
value (0.27-5.0 mU/L) or had received levothyroxine were
selected.

Main measurements: The variables analyzed were: TSH
values during follow-up, estimated time with normal TSH,
age, sex, body mass index, and compliance with treatment.

Results: Of the 2,630 patients with hypothyroidism, 90.3%
were women. Mean age was 59.6 years and the treatment
compliance rate 84.9%. Patients taking a medium dose of
levothyroxine (75-125 mcg) and older patients had higher
TSH stability and maintained normal TSH levels for longer
(p<0.05).

Conclusions: A fifth of patients with hypothyroidism had
inadequate thyroid hormone replacement in the first year.
Factors associated with TSH stability were levothyroxine
dose in the medium range and older age.

Keywords: Hypothyroidism; Thyroxine dosage; Thyroid-
stimulating hormone

Introduction
Primary hypothyroidism, one of the most common endocrine

diseases, is caused by a thyroid hormone deficiency due to
alterations in the thyroid gland. The prevalence of
hypothyroidism in the general population ranges from 3.8% to
4.6% [1-3]. A study carried out in our setting based on the
prescription of thyroid hormones established its prevalence to
be 8.4 cases per 1000 inhabitants, with a mean age of 60 years
[4].

The clinical manifestations of hypothyroidism vary widely
depending on the age of onset, duration, and the severity of the
thyroid hormone deficiency. Common symptoms include
fatigue, cold intolerance, weight gain, constipation, dry skin,
myalgia and irregular menstrual cycle [5]. Physical examination
often reveals goiter, especially in patients with iodine deficiency
or autoimmune thyroiditis (Hashimoto's thyroiditis),
bradycardia, hypertension, and an altered relaxation phase in
deep tendon reflexes. Most patients with chronic autoimmune
thyroiditis present elevated anti-thyroid peroxidase antibodies.
Other associated metabolic disorders are hypercholesterolemia,
macrocytic anemia, elevated creatine kinase and hyponatremia
[6].

Diagnosis of hypothyroidism is based on the clinical context
and the biochemical report. Measurement of thyroid-
stimulating hormone (TSH) is the primary test for thyroid
function evaluation, as it is the most sensitive indicator of early
thyroid disease. Laboratories have established reference ranges
for TSH from 0.4 or 0.5 mU/L to 4.5 to 5.5 mU/L [7]. Diagnosis
and treatment of hypothyroidism are often considered
straightforward and are performed in primary care services,
although many studies have stressed that its management may
be difficult. Many patients receiving thyroid hormone therapy
suffer either hormone over-replacement or under-replacement
[8-10]; indeed, in a study evaluating the prevalence of under- or
over-treatment of hypothyroidism in patients over 65 years of
age, 41% of those receiving thyroid hormones had low TSH and
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16% had elevated TSH. Patients with low weight or diabetes
present poorer control, and the risk of cardiovascular or skeletal
effects due to over-treatment should be taken into account [11].

After diagnosis of hypothyroidism and the initiation of
treatment, TSH levels are monitored between the sixth and
eighth week. The levothyroxine dose is adjusted in order to
achieve a euthyroid state. The initial dose is calculated according
to weight. Other factors that may influence the required dose
are age, pregnancy, malabsorptive states, and drugs such as
lithium or amiodarone [12-14]. Once TSH has stabilized within
the normal range [15], checks are recommended every 6 or 12
months.

However, these routine checks may not in fact be necessary.
The study by Pecina et al. [16] found that the best predictor of
normal TSH values ​​after  10 to 14 months was levothyroxine
maintenance dose; among patients receiving a dose <75 μg/day,
91% achieved normal TSH levels, compared to 77.5% who
received doses of ≥ 125 μg/day.

Inadequate hormone replacement may lead to cardiovascular
disease [17], arrhythmias [18], neurocognitive alterations [19],
and osteoporosis and fractures [20,21]. In this context, the aims
of the study were to establish the percentage of patients in
whom TSH levels remained within the normal range during a 4
year follow-up and to describe the factors associated with good
TSH control in this population. We hypothesized that a higher
levothyroxine maintenance dose, altered initial values of TSH
and poor compliance would be associated with less stable TSH
levels in future determinations.

Materials and Method
Longitudinal follow-up study of a retrospective cohort of

patients from 21 primary care centers with hypothyroidism over
a 5-year observation period. Data were obtained from the
pharmacy drug dispensation register in the computerized
medical records stored by the regional health system. Tracking
the dispensation of drugs in group H03AA of the Anatomical
Therapeutic Chemical Classification System [22], we identified
patients with hypothyroidism who were being treated by
primary care physicians and whose TSH levels were normal
(0.27-5.0 MU/l) during the year 2010.

The records were reviewed to confirm the diagnosis and
treatment and to identify patients who met the inclusion criteria
(Figure 1). The follow-up period lasted from the first
determination of TSH at the date of inclusion in 2010 until the
last value recorded, death, or transfer to another health region
before 31 December 2014. The research was authorized by the
IDIAP Jordí Gol clinical research ethical committee, code no
p15/138.

The variables recorded were: age, sex, body mass index and
weight at the time of inclusion, comorbidity, levothyroxine dose
and compliance with treatment [23]. All baseline variables were
recorded on the date of inclusion in 2010, when the patient had

a TSH value considered normal. The daily dose of levothyroxine
was classified as low (<75 mcg/day), medium (75-125 mcg/day)
and high (>125 mcg/day). Compliance with treatment was
assessed on the basis of the medication withdrawn from
pharmacies; patients who withdrew more than 80% of the drug
necessary for their treatment were defined as compliant [23].
The “time with normal TSH” was calculated from the date of
inclusion until the day the TSH value was found to be outside the
normal range. Failing that, the date of the last measurement of
TSH, death, or transfer prior to 31 December 2014 was used.

Figure 1 Statistical analysis of patients with hyperthyroidism.

Data analysis: We performed a descriptive analysis of
baseline variables, expressing qualitative variables as
frequencies and percentages and quantitative variables as
means and standard deviation (SD). The association of
treatment compliance with the baseline variables recorded was
examined by the Chi square test.

The time with normal TSH was estimated using the Kaplan
Meier method, both overall and by age groups. Crude and
adjusted hazard ratios of TSH alteration were estimated with
their 95% confidence intervals (95% CI) during follow-up by
fitting Cox proportional hazards regression models. In the
adjusted model, the clinically relevant and demographic
variables were introduced using the Enter method.

In addition, the survival curves of the time with normal TSH in
relation to thyroxine dose were estimated. The goodness of fit
and the proportional hazards hypothesis of the Cox model were
evaluated by Schoenfeld residual analysis. A p value <0.05 was
established as statistically significant. Data management and
analysis were performed using the SPSS statistical software (v17)
and STATA v11-IC packages.

Results
A total of 3,170 patients were initially treated with

levothyroxine. After applying the inclusion/exclusion criteria,
2,630 participants remained eligible for the study. The flowchart
(Figure 1) shows the distribution of the patients according to the
inclusion and exclusion, and Table 1 shows the characteristics of
the patients included.

Table 1 Baseline characteristics of the sample.
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Variable and Category

Sex Number Percentage (%)

Male 256 9.7

Female 2374 90.3

Comorbidities at baseline basal

CRF 155 5.9

Diabetes type 2 403 15.3

Diabetes type 1 32 1.2

IHR 85 3.2

Age group

<49 684 26

50-59 597 22.7

60-69 656 24.9

>70 693 26.3

Variable Mean ± SD

Age in years 59.6 ± 14.7

Weight in kg 71.5 ± 14.3

BMI (kg/m2) 28.5 ± 5.1

Thyroxine dose (mcg) 0.07 ± 0.01

SD: Standard Deviation; CRF: Chronic Renal Failure; IC: Ischemic Heart Disease

The final sample comprised 2,374 women (90.3%) and 256
men (9.7%). Mean age was 59.6 years (SD=14.7) (Table 1). The
rate of compliance with treatment in the year after inclusion
was 84.9% (n=2.232). Table 2 shows the compliance with
treatment in relation to the variables analyzed. Older subjects

maintained normalized TSH for longer.Patients receiving
medium doses of levothyroxine (75-125 μg/day) had a higher
rate of normal TSH during follow-up (p<0.05); this association
also maintained statistical significance (p=0.04) after adjusting
for the other variables analyzed (Table 3).

Table 2 Frequency (n) and percentage of treatment compliance according to variables analyzed.

Variable Category Compliance

N n % p value

Sex Male 256 204 79.70% 0.015*

Female 2374 2028 85.40%

Comorbidities at baseline basal CRF 155 141 91.00% 0.029*

Diabetes type 2 403 356 88.30% 0.035

Diabetes type 1 32 26 81.30% 0.566

Ischemic IHR 85 82 96.50% 0.002*

Smoking 328 269 82.00% 0.123

Age group (years) ≤ 50 684 519 75.90% <0.001*

50-60 597 503 84.30%

60-70 656 585 89.20%

≤ 70 693 625 90.20%
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After one year, more than 80% of patients maintained normal
TSH levels regardless of thyroxine dose (i.e., TSH was normal in
80% of those taking low doses, 83% of those at medium doses
and 84% of those at high doses). In the second year, 60% of the
patients had normal TSH values, while in the third year 49% of
those taking the low dose had normal TSH, 54% of the patients

who took the medium dose and 44% of those who took the high
dose. After four years, 35% of patients with medium and low
doses of thyroxine had normal TSH, but only 26% of patients
taking high doses. Table 4 shows the estimated median duration
of normalized TSH according to age group.

Table 3 Risk of alteration of TSH during follow-up according to variables analyzed using crude hazard ratios in an adjusted Cox model.

Variable Crude HR Adjusted HR

(95%CI) P (95%CI) P

Female (Ref=Male) 1.08 (0.91-1.28) 0.409 1.11 (0.88-1.40) 0.373

Compliers 0.85 (0.74-0.98) 0.027 0.9 (0.76-1.07) 0.24

Age (years) 1 (0.99-1.00) 0.065 0.99 (0.98-1.00) 0.043*

Smoking 1.11 (0.95-1.29) 0.18 1.13 (0.95-1.36) 0.172

Diabetes type 2 1.02 (0.89-1.18) 0.759 1.03 (0.88-1.21) 0.722

Weight (kg) 1 (1.00-1.01) 0.325 1 (0.99-1.01) 0.32

BMI (kg/m2) 1.01 (0.99-1.02) 0.397 1.02 (0.99-1.04) 0.15

Thyroxine dose Reference

Low: <75 mcg - - - - - -

Medium: 75-125 mcg 0.93 (0.84-1.03) 0.141 0.88 (0.78-0.99) 0.04*

High: >125 mcg 1.09 (0.74-1.60) 0.665 0.99 (0.65-1.51) 0.965

95%CI: 95% confidence interval; P: p value; HR=hazard ratio; *p value<0.05

Table 4 Estimation of the median time of normalized TSH according to age.

Age group Median estimation (days) 95%CI

Lower limit Upper limit

≤ 50 974 832 1116

50-60 1187 1039 1334

60-70 1197 995 1399

>70 1246 1095 1397

Overall 1163 1076 1250

Discussion
Patients receiving a medium dose of levothyroxine (75-125

mcg/day) were more likely to have normal TSH in the long term
than patients with high doses (>125 mcg/day). The rate of
patients with normal TSH at one year was above 80%, while at
five years it was 35% among those taking a medium or low dose
and 25% among those on a high dose. Older patients had
normal TSH values for longer periods. The study by Okosieme et
al. [24] assessed treatment with thyroid hormones in primary
care and the factors associated with inadequate hormone
replacement in the population. Although most levothyroxine
users underwent dose adjustments after monitoring of TSH, in a
large proportion (37.2%) the TSH remained altered after five
years. In a study in Tayside, Scotland, between 1993 and 2001,

TSH levels were unstable in 38.4% of patients taking
levothyroxine after eight years of follow-up [18].

Among the factors we associated with TSH stability was
thyroxine dose. Pecina et al. [16] considered that annual
monitoring of TSH would be justified in patients receiving doses
higher than 125 mcg/day, whereas in patients with doses lower
than this figure it should be reviewed every two years. However,
in our study, only 60-65% had controlled TSH at two years, and
so annual monitoring should be maintained.

In our study, older patients presented higher TSH stability
although we did not know whether this group had undergone
more controls than the younger patients. In a study of patients
with a mean age of 50.9 years which assessed the number of
changes in thyroid treatment dose over a mean period of 16.2
years (range: 10-30), Viswanath et al. [25] reported that patients
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older than 60 years had more dose changes than patients below
this age.

Two studies by Jonklaas et al. [26] and Devdhar et al. [27]
suggest that the levothyroxine dose required by pre- and post-
menopausal women disappear are the same if they are assessed
using ideal weight, rather than using current body weight. These
authors attributed the alterations that occur during aging to the
change in weight.

Compliance with treatment was not associated with TSH
stability. It is possible that, immediately prior to analyses,
patients with generally poor compliance may temporarily
adhere to their treatment schedule, and thus present normal
TSH values. Nor did we find an association between diabetes
mellitus and TSH values, although the study by Okosieme et al.
[24] unexpectedly found an inverse association between
diabetes status and low TSH levels. The relationship between
thyroid function and diabetes is complex and is expressed
through multiple metabolic and cellular pathways [28]. In any
case, the impact of diabetes on levothyroxine requirements in
patients with hypothyroidism is unclear. Flynn et al. [18] showed
that diabetic patients tended to be less over-treated than non-
diabetic patients, but the relationship between diabetes and
levothyroxine requirement needs to be clarified in prospective
studies.

Our study may have potential limitations. The use of clinical
records from a population database entails an implicit reporting
bias. To minimize this limitation, we selected only patients who
were treated for hypothyroidism and for whom TSH
measurements were available. In addition, the time with normal
TSH values may be over-estimated in patients with only a few
measurements or with long intervals between measurements.
As for the evaluation of treatment compliance, the analysis was
based on pharmacy drug dispensations, which is an indirect
record of patients’ consumption. Finally, we could not analyze
the etiology of hypothyroidism since in most cases this
information was not present in the clinical history; nor did we
include the presence of antibodies as a variable, which would
have allowed us to determine whether the hypothyroidism had
an autoimmune origin.

Conclusions
One-fifth of the patients with hypothyroidism had inadequate

thyroid hormone replacement and therefore had an increased
risk of complications. TSH stability was associated with medium
levothyroxine dose and advanced patient age. Only between
26-35% of patients had good control after four years of follow-
up.

Health professionals should focus on the variables that may
alter TSH values, such as compliance, interactions with other
medications or problems with intestinal absorption [29]. Finally,
even when TSH levels are routinely checked, thyroid hormone
replacement in patients with hypothyroidism is suboptimal in a
proportion of the population. After the first year of our study,
20% of the patients had poor TSH values, a finding that makes
annual controls mandatory.

Future studies should evaluate the factors associated with
TSH instability, in order to focus more closely on this population
and to help design health education interventions that favor
compliance with treatment and thus increase the percentages of
patients with good hormonal replacement.
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