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Abstract

Objective: The variability of thyroid function tests (TFTs) during antithyroid drug

(ATD) therapy and its association with adverse health outcomes have not been

previously studied. The aim of this study was to evaluate the association of TFT

variability and cardiovascular morbidity during ATD therapy.

Design: Retrospective cohort study.

Patients and Measurements: Hyperthyroid patients (n = 394) treated with ATD

therapy at Tampere University Hospital between March 2016 and December

2018 were followed up for a median time of 1.5 years (interquartile range

0.8–2.0). The coefficients of variation (CVs) of the follow‐up thyroid‐stimulating

hormone (TSH), free thyroxine (fT4) and free triiodothyronine (fT3) measure-

ments were determined. The associations of TFT variability and baseline clinical

factors with cardiovascular disease (CVD) ‐associated hospital visits were

assessed with logistic regression analyses.

Results: In the multivariable analyses, age (odds ratio [OR]: 1.06, 95% confidence

interval [CI]: 1.03–1.09), male gender (OR: 2.33, 95% CI: 1.03–5.28) and fT4‐CV

(OR: 1.02, 95% CI: 1.01–1.04) were independent risk factors for cardiovascular

morbidity, whereas baseline positive thyrotropin receptor antibodies (TRAbs)

were associated with lower cardiovascular morbidity (OR: 0.29, 95% CI:

0.14–0.61). When the patients with baseline TRAb positivity were studied

separately, fT4‐CV was associated with cardiovascular morbidity (OR: 1.03, 95%

CI: 1.00–1.05).

Conclusions: During ATD therapy, fT4 variability is associated with an increased

cardiovascular morbidity. Although positive TRAbs are associated with a lower

cardiovascular morbidity compared with hyperthyroidism with negative auto-

antibodies, the variability of fT4 is associated with cardiovascular morbidity also

in patients with positive TRAbs.
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1 | INTRODUCTION

The clinical course of hyperthyroidism can vary significantly

depending on several factors, such as the cause and severity of

the disease, patient characteristics and response to the treat-

ment.1,2 Graves' disease (GD) is an autoimmune disease character-

ized by circulating antibodies against the thyrotropin receptor and

the most common cause (70%–80%) of hyperthyroidism in iodine

sufficient areas.3,4 Other common causes of hyperthyroidism

include toxic multinodular goitre and solitary toxic adenoma,

characterized by nodular autonomy.3,4

The three treatment options for hyperthyroidism include long‐

term ATD therapy, radioactive iodine (RAI) and surgery.1 In Europe,

ATD therapy is commonly preferred as the first‐line treatment of GD,

and if hyperthyroidism recurs, second‐line treatment with either RAI

or surgery is recommended.1,5,6 The recurrence rate of hyper-

thyroidism after ATD therapy is high (40%–60%), increasing the risk

of associated health problems, for example cardiovascular complica-

tions.7–9 As thyroid hormones have a major role in the regulation of

the cardiovascular system, acute cardiovascular manifestations are

common during hyperthyroidism and cardiovascular morbidity

remains increased for years even after restoring normal thyroid

function.2,10–13

In the treatment of hyperthyroidism, recent evidence highlights

the importance of rapid elimination of hyperthyroidism and early

definitive treatment with RAI or surgery, if remission with ATD

therapy is unlikely, as patients with poor biochemical control of

hyperthyroidism have an increased mortality.14–18 Rapid restoration

of euthyroidism has been shown to improve the survival of the

patients regardless of the treatment modality.14,18 The response to

ATD therapy, however, is difficult to predict and a substantial number

of patients will eventually need lifelong thyroid hormone replacement

regardless of the first‐line treatment option chosen.19,20 Several

studies with partly conflicting results have recognized factors that

predict the recurrence of hyperthyroidism after ATD therapy in

GD,8,21–26 whereas the response to ongoing ATD therapy regarding

thyroid hormone variability during the treatment and its clinical

relevance have not been studied previously.

The aim of this study was to evaluate the association of the

thyroid function test (TFT) variability with the risk of cardiovascular

morbidity after the initiation of ATD therapy. Furthermore, the aim

was to identify baseline clinical factors related to a high TFT

variability during ATD therapy.

2 | MATERIALS AND METHODS

In this retrospective study, all consecutive patients with a newly

diagnosed hyperthyroidism and treated with a first‐line ATD therapy

at the endocrinology outpatient clinic of Tampere University Hospital

between March 2016 and December 2018 were included and

followed up until March 2019 (Figure 1). A majority of the

hyperthyroid patients in our hospital district are treated at Tampere

University Hospital, as the regional clinical guidelines instruct primary

F IGURE 1 Formation of the study cohort.
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health care providers to refer all adult patients (age ≥ 15 years) with a

newly diagnosed hyperthyroidism to the endocrinology clinic of

Tampere University Hospital. The catchment population was 442,960

at the end of year 2018.27

First, a cohort was formed of patients with the first outpatient

visit to the endocrinology clinic due to a diagnosis code E05 or

H06.2*E05.9 according to the Tenth Revision of the International

Classification of Diseases (ICD‐10). Then, 73 patients who did not

have TFT results available over a minimum follow‐up period of 3

months after the first visit were excluded. Eighteen patients were

excluded, because they did not need any treatment for hyper-

thyroidism, or due to technical errors. Finally, after excluding 132

patients treated with first‐line RAI and 23 patients treated with first‐

line surgery, a study cohort of 394 patients was formed.

The patients of the study cohort and the clinical data on their

treatment were gathered from the hospital patient record system

of endocrinology (Endo registry), which is an electronic system

used in the endocrinology clinic aimed to support clinical practice.

The data obtained from the Endo registry included clinical

characteristics of the patients registered on the first endocrinol-

ogy clinic visit (Table 1) and follow‐up information on possible

second‐line treatments with RAI or thyroid surgery. Cardiovascu-

lar morbidity was evaluated based on hospital visits to Tampere

University Hospital due to a cardiovascular disease (CVD)

between the first visit to the endocrinology clinic and the end

of the follow‐up on March 31, 2019. The data on the

CVD‐associated inpatient and outpatient hospital visits were

obtained from the data administration services of the hospital.

The outpatient visits also included remote contacts. The cardio-

vascular diagnoses (ICD‐10 diagnosis codes I10‐99) were divided

into nine subgroups presented in Table 2 and a hospital visit was

included in the analyses, if the primary diagnosis or one of the two

TABLE 1 Clinical characteristics of the hyperthyroid patients treated with first‐line antithyroid drug therapy according to the cardiovascular
morbidity status during the follow‐up.

Cardiovascular morbidity during the follow‐up
All patients n = 394 No n = 337 Yes n = 57

pData available n/median %/IQR n/median %/IQR n/median %/IQR

Age, years 394 46 34–64 42 32–58 66 58–72 <.001a

Gender, male 394 86 22 63 19 23 40 <.001a

Body mass index, kg/m2 375 25.9 22.5–29.8 25.2 22.2–29.7 27.0 24.0–30.4 .045a

Systolic blood pressure, mmHg 373 131 121–146 130 121–142 142 125–155 .007a

Diastolic blood pressure, mmHg 373 80 73–86 80 73–86 82 74–87 .427

Heart rate, beats/min 368 76 68–85 76 68–85 74 64–87 .579

Smoking, current 377 79 21 72 22 7 13 .105

Smoking, current and ex‐smokers 377 133 35 115 36 18 33 .668

Previously diagnosed hypertension 371 100 27 68 21 32 62 <.001a

Previously diagnosed diabetes 372 39 11 25 8 14 26 <.001a

Previously diagnosed hypercholesterolaemia 361 47 13 29 9 18 36 <.001a

Family history of thyroid disease 363 106 29 98 31 8 16 .022a

Symptoms of hyperthyroidism 394 376 95 324 96 52 91 .158

Eye symptoms: 390 .048a

Mild 96 25 86 26 10 18

Severe 15 4 15 5 0 0

Baseline TSH, mU/L 378 0.01 0.01–0.04 0.01 0.01–0.03 0.01 0.01–0.12 .167

Baseline fT4, mU/L 377 18.0 13.3–25.5 17.8 13.2–24.8 21.1 14.7–31.8 .038a

Baseline fT3, mU/L 375 6.0 4.5–8.3 6.1 4.6–8.4 5.4 4.1–8.0 .164

TRAb positive 352 264 75 243 79 21 46 <.001a

TPOAb positive 357 202 57 187 60 15 32 <.001a

Abbreviations: ft3, free triiodothyronine; fT4, free thyroxine; IQR, interquartile range; TPOAb, thyroid peroxidase antibody; TRAb, thyrotropin receptor

antibody; TSH, thyroid‐stimulating hormone.
aStatistical difference between the patients with and those without cardiovascular morbidity during the follow‐up (Mann–Whitney U or χ2 test, as
appropriate).
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first secondary diagnoses of the visit was included in the above‐

mentioned subgroups.

2.1 | Thyroid laboratory tests

All theTFTs were analysed at Fimlab Laboratories. PlasmaTSH, fT4,

fT3 and thyroid peroxidase antibody (TPOAb) concentrations were

analysed by an electro‐chemiluminescence immunoassay (Elecsys

Cobas e immunoassay analyser, ECLIA; Roche Diagnostics).

A fluoroenzymeimmunoassay (EliA anti‐TSH‐R method, Phadia

AB) was used for the measurement of TRAbs. The reference

ranges for TSH, fT4 and fT3 values for patients over 20 years of age

were 0.27–4.2 mU/L, 11.0–22.0 pmol/L and 3.1–6.8 pmol/L, and

for 15–20‐year‐old patients 0.5–4.3 mU/L, 12.6–21.0 pmol/L and

3.9–7.7 pmol/L, respectively. Due to a change of the assay, the

reference range for TRAb measurements was 0–1 IU/L until

February 14, 2018, and since then 1–2.9 IU/L. The reference range

for TPOAb measurements was less than 34 kU/L.

It is noteworthy that according to the clinical practice in our

hospital district, ATD therapy is initiated already at the time of

diagnosing hyperthyroidism in primary health care and the first visit

to the endocrinology clinic is scheduled at 3–6 weeks after the

initiation of ATD therapy. Thus, the TFTs at the first endocrinology

clinic visit represent the initial response to ATD therapy, which is

mostly started with carbimazole 30mg per day 4–6 weeks before the

first visit, but adjusted individually based on the severity of the

disease. ATD adjustments were made by trained nurses, by using a

standardized protocol of adjusting the ATD dose according to theTFT

results and the ATD dose used during the previous 4–6 weeks.

The study was undertaken in accordance with the Declaration of

Helsinki. The ethics committee of the Pirkanmaa Hospital District

approved the study protocol (study number R18099).

2.2 | Statistical analysis

IBM SPSS Statistics version 27.0 was used in the statistical analyses.

A p‐value < .05 was considered statistically significant. Continuous

variables presented in Tables 1 and 3 were compared with the

Mann–Whitney U test and χ2 test was used to compare categorical

variables.

The visit‐to‐visit variability of thyroid hormone measurements

was evaluated by using the coefficient of variation (CV) as a statistical

measure. The CV provides information about the dispersion of the

measurements around the mean and it is commonly used, for

example, in the clinical practice of diabetology to assess glycaemic

variability.28–30 The CV is a dimensionless number, commonly

presented as the percentage of the SD of the mean, and therefore

it allows the comparison of measurements with different reference

TABLE 2 Types of cardiovascular morbidity diagnosed during
the follow‐up of the hyperthyroid patients treated with first‐line
antithyroid drug therapy.

Patients (n = 394)
n %

Any cardiovascular disease 57 14

All arrhythmias 38 10

Atrial fibrillation 30 8

Valvular diseases and cardiomyopathies 22 6

Hypertension 15 4

Coronary artery disease 9 2

Cerebrovascular diseases 5 1

Heart failure 5 1

Diseases of arteries and veins 3 0.8

Diseases of pulmonary arteries 2 0.5

F IGURE 2 Demonstration of three
patients in the study cohort with a similar
free thyroxine (fT4) mean 16 pmol/L, but
different fT4 coefficients of variation (CV):
fT4‐CV is 56% for Patient 1, 26% for Patient
2 and 7% for Patient 3.
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ranges. Figure 2 demonstrates three patients of the study cohort with

the same follow‐up fT4 mean but differing fT4‐CVs; the difference

between the patients in the biochemical course of hyperthyroidism

becomes apparent, when the fT4 variability is observed instead of the

mean fT4 value.

The CVs of the TSH, fT4 and fT3 measurements for each

individual patient were calculated by dividing the SD of the

measurements by the mean of the measurements. Then, the CV

was divided by the factor √[n/(n − 1)] to correct for the possible

impact the number of measurements (n) had on the variation, as the

variance would be wider, if only a few measurements were

available due to a shorter follow‐up period.29,30 All thyroid

hormone measurements starting 2 months before the first

endocrinology clinic visit until March 31, 2019 were included in

the calculations. For the sake of comparison, also the medians of

the TFTs measured during the follow‐up were calculated.

The associations of baseline clinical factors and thyroid hormone

variability with cardiovascular morbidity were assessed with binary

logistic regression analyses. The analyses were repeated including

only the patients with a baseline positive TRAb measurement, to

evaluate the above‐mentioned associations among GD patients and

to eliminate the possible effect of the aetiology of hyperthyroidism

on thyroid hormone variability or on cardiovascular morbidity. The

covariates entered in the analysis of cardiovascular morbidity were

age, gender, body mass index, smoking, previously diagnosed

hypercholesterolaemia, diabetes or hypertension, a need for a

second‐line treatment with RAI or surgery, baseline TRAb positivity

and, one at a time, the median or the CV of theTSH, fT4 or fT3 values

measured during the follow‐up. Cardiovascular morbidity due to

arrhythmias was evaluated separately. In addition, baseline clinical

factors were evaluated in relation to the median and CV of the TFTs,

to identify factors associated withTFT variability during ATD therapy.

3 | RESULTS

Of the 549 patients referred to the endocrinology clinic for

hyperthyroidism, 72% (n = 394) were treated primarily with ATD

therapy and were included in the analyses (Figure 1). During a

median follow‐up time of 1.5 years (interquartile range [IQR]:

0.8–2.0) a second‐line treatment was necessary for 23% (n = 92) of

the patients: 19% (n = 74) were treated with RAI and 5% (n = 18)

with surgery (Figure 1). Of the patients who received a second‐line

treatment, 64% (n = 52) were TRAb positive and 36% (n = 29) TRAb

negative (p = .011). There was no difference in the frequency of

second‐line treatments with RAI or surgery during the follow‐up

between the patients with cardiovascular morbidity (30%, n = 17)

and those without it (22%, n = 75) (p = .121). The median follow‐up

time was 1.6 (IQR: 1.0–2.1) years in patients with cardiovascular

morbidity and 1.4 (IQR: 0.8–2.0) years in patients without

cardiovascular morbidity (p = .270).

The clinical characteristics of the study cohort registered at the

first endocrinology clinic visit according to the follow‐up

cardiovascular morbidity status are represented in Table 1. The

median age of the patients was 46 years (IQR 34–64) and most of

them (78%, n = 308) were female. Seventy‐five percent (n = 264) of

the patients had positive TRAbs and 57% (n = 202) had positive

TPOAbs.

Fourteen percent of the patients (n = 57) had a CVD‐associated

hospital visit during the follow‐up (Tables 1 and 2). Altogether, 340

CVD‐associated hospital visits were registered for these 57 patients

during the follow‐up and the median number of CVD visits per

patient was 4 (IQR: 2–6). Of the visits, 61 (18%) were inpatient

admissions. The median time between the first visit to the

endocrinology clinic and the first CVD‐associated hospital visit was

84 days (IQR: 14–202). The patients with cardiovascular morbidity

were older and more often male, had a higher body mass index and

systolic blood pressure, and more often previously diagnosed

hypertension, hypercholesterolaemia and diabetes, and less often

eye symptoms, family history of thyroid disease or TRAb positivity

than those without cardiovascular morbidity (Table 1).

Altogether, 3860 TSH measurements, 3851 fT4 measurements

and 3649 fT3 measurements were made during the follow‐up of the

study cohort. The median number of TFT measurements was 9 (IQR:

5–12) among patients with cardiovascular morbidity and 9 (IQR:

6–13) among patients without cardiovascular morbidity (p = .498).

There was no difference in the medians or the CVs of the TSH, fT4

and fT3 measurements during the follow‐up among patients with

cardiovascular morbidity compared to patients without cardiovascu-

lar morbidity (Supporting Information: Table 1).

In the univariable analyses including the whole study cohort, age,

male gender, hypercholesterolaemia, diabetes, hypertension and

baseline TRAbs were associated with cardiovascular morbidity

(Table 3). In the multivariable analysis, age (odds ratio [OR]: 1.06,

95% confidence interval [95% CI]: 1.03–1.09), male gender (OR: 2.33,

95% CI: 1.03–5.28), positive TRAbs (OR: 0.29, 95% CI: 0.14–0.61)

and fT4‐CV (OR: 1.02, 95% CI: 1.01–1.04) were significantly

associated with cardiovascular morbidity (Table 3). When cardiovas-

cular morbidity due to arrhythmias was studied separately in a

multivariable analysis including the whole study cohort, age (OR:

1.07, 95% CI: 1.03–1.11), male gender (OR: 2.99, 95% CI: 1.07–8.35)

and positive TRAbs (OR: 0.21, 95% CI 0.08–0.54) were associated

with arrhythmias and the association of fT4‐CV (OR: 1.02, 95% CI:

1.00–1.04) was nearly significant (p = .06).

When fT4 median during the follow‐up was evaluated in the

multivariable analyses, age (OR: 1.06, 95% CI: 1.03–1.09), male

gender (OR: 2.46, 95% CI: 1.09–5.56) and positive TRAbs (OR: 0.34,

95% CI: 0.17–0.70) were significantly associated with cardiovascular

morbidity, but the fT4 median was not (OR: 1.06, 95% CI: 0.97–1.15)

(Supporting Information: Table 2). When arrhythmias were studied

separately, age (OR: 1.08, 95% CI: 1.04–1.12), male gender (OR: 2.99,

95% CI: 1.05–8.50), fT4 median (OR: 1.13, 95% CI: 1.04–1.23) and

positive TRAbs (OR: 0.25, 95% CI: 0.10–0.61) were associated with

arrhythmias.

When the multivariable analyses were performed separately on

the patients with positive TRAbs, age (OR: 1.06, 95% CI: 1.02–1.11)
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and fT4‐CV (OR: 1.03, 95% CI: 1.00–1.05) were associated with

cardiovascular morbidity (Supporting Information: Table 3), but the

fT4 median was not (OR: 1.05, 95% CI: 0.95–1.17) (data not shown).

In the multivariable analyses including the whole study cohort or only

the patients with positive TRAbs, the medians or CVs of the TSH or

fT3 measurements were not associated with cardiovascular morbid-

ity. When patients with hypertension (n = 2) or coronary artery

disease (n = 3) as the only cardiovascular diagnosis during the follow‐

up were excluded, the result regarding the association of age, male

gender, fT4‐CV and TRAbs with cardiovascular morbidity remained

unchanged.

Baseline clinical characteristics of the study cohort in relation to

the follow‐up fT4 median and fT4‐CV are represented in Table 4.

Male patients and those with diabetes had a slightly higher fT4

median than female patients and those without diabetes (p = .048 and

.003, respectively). Patients with a family history of thyroid disease

had a slightly lower fT4 median compared with patients without a

family history (p = .028). Patients with positiveTRAbs or TPOAbs had

a higher fT4‐CV compared with those with negative TRAbs or

TPOAbs (p = .002 and .024, respectively).

4 | DISCUSSION

In the present study, we found that after the initiation of ATD

therapy patients with autoantibody‐related hyperthyroidism have a

higher fT4 variability compared to patients with hyperthyroidism

without autoantibodies. Age, male gender and fT4 variability are

independent risk factors for cardiovascular morbidity, while TRAb

positivity seems to protect from it. However, among patients with

positiveTRAbs, the variability of fT4 is associated with cardiovascular

morbidity. Thus, fT4 variability seems to be a risk factor for

cardiovascular morbidity in all hyperthyroid patients.

In previous studies, poor biochemical control of hyperthyroidism,

evaluated by cumulative periods of decreased TSH or increments of

10 pmol/L in serial fT4 measurements, has been linked to increased

mortality.17,18 In 2013, Boelaert et al.18 found that most ATD‐treated

patients achieved a normal fT4 value within 4 months after

presentation, but 20% still had subclinical hyperthyroidism at 12

months. The severity and the duration of untreated hyperthyroidism

can influence the risk of adverse outcomes of the disease,2 but there

is no previous evidence of the role of thyroid hormone variability per

se. To the best of our knowledge, no studies have evaluated the visit‐

to‐visit variability of TFTs and its association with cardiovascular

morbidity among hyperthyroid patients. Besides the importance of

rapid elimination of thyrotoxicosis, the ability to maintain euthyroid-

ism is crucial to improve the outcomes of patients with hyper-

thyroidism.14,15,17,18 At the same time, overtreatment with ATD

therapy resulting in hypothyroidism is unfavourable, because also

hypothyroidism is related to cardiovascular abnormalities, such as

diastolic dysfunction, elevated blood pressure, and an increased risk

of atherosclerosis.31 Therefore, in the evaluation of thyroid hormone

values and cardiovascular morbidity, the median (or mean) values of

thyroid hormone measurements alone probably cannot provide

sufficient information on the biochemical burden of the thyroid

disease on the cardiovascular system, as thyroid hormones may

fluctuate between hyperthyroidism and hypothyroidism in the course

of treatments.

TABLE 3 Cardiovascular morbidity in
the univariable and multivariable analyses
of the hyperthyroid patients treated
primarily with antithyroid drug therapy.

Univariable analysis Multivariable analysis
Odds ratio (95% CI) p Odds ratio (95% CI) p

Age 1.07 (1.05–1.09) <.001a 1.06 (1.03–1.09) <.001a

Gender (male vs. female) 2.94 (1.62–5.34) <.001a 2.33 (1.03–5.28) .042a

Body mass index 1.05 (1.00–1.10) .052 1.03 (0.96–1.10) .426

Current and ex‐smoking 0.89 (0.49–1.63) .707 0.70 (0.31–1.60) .399

Previously diagnosed
hypercholesterolaemia

4.90 (2.49–9.64) <.001a 1.35 (0.57–3.16) .494

Previously diagnosed diabetes 4.06 (1.96–8.41) <.001a 1.05 (0.40–2.72) .920

Previously diagnosed

hypertension

5.06 (2.82–9.11) <.001a 1.48 (0.61–3.64) .388

Second‐line RAI or surgery
versus first‐line ATD

therapy only

1.49 (0.80–2.77) .214 0.45 (0.20–1.03) .058

fT4 CV 1.01 (1.00–1.02) .227 1.02 (1.01–1.04) .009a

TRAb (positive vs. negative) 0.23 (0.13–0.41) <.001a 0.29 (0.14–0.61) .001a

Note: The fT4 CV is included in the analyses.

Abbreviation: ATD, antithyroid drug therapy; CV, coefficient of variation; fT4, free thyroxine; RAI,
radioiodine; TRAb, thyrotropin receptor antibody.
aStatistical association of the covariate with cardiovascular morbidity (logistic regression analyses).
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In this study, as many as 23% of the patients received a second‐

line treatment during a relatively short follow‐up time of 1.5 years. As

long‐term ATD therapy is usually administrated in GD for a period of

12–24 months, this finding likely reflects difficulties in controlling

hyperthyroidism during ATD therapy rather than a true relapse after

a full‐length ATD therapy. A high variability of thyroid hormones

during ATD therapy could indicate a poor response to the ATD

therapy, but also the need for various treatment options probably

increases the thyroid hormone variability, as a definitive treatment

with surgery or RAI commonly induces temporary hypothyroidism.

Based on a previous study, hyperthyroid patients treated with

surgery achieve euthyroidism faster than patients treated with RAI,32

but the effect of different treatment options on thyroid hormone

variability is not known.

The association of positive TRAbs with decreased cardiovas-

cular morbidity probably reflects the aetiology of thyrotoxicosis

reducing the risk of cardiovascular morbidity, as patients with GD

are younger and develop cardiovascular complications less

frequently than patients with a nodular thyroid disease.2 Patients

with a nodular disease are typically older, and have more

frequently a long‐lasting, less symptomatic or subclinical

hyperthyroidism instead of overt hyperthyroidism, compared to

patients with GD.2,4 Nevertheless, they are more likely to develop

cardiovascular complications, for example, atrial fibrillation,

partly due to their higher age and prevalence of pre‐existing

cardiovascular risk factors and comorbidities.2,4 The results of

this study are in line with previous literature, as we found that

besides fT4 variability, age and negative TRAbs were indepen-

dently associated with cardiovascular morbidity. Aging and the

variability of fT4 were, however, found to positively associate

with cardiovascular morbidity also among TRAb positive patients.

The possible confounding effect of the aetiology of hyper-

thyroidism may also explain, why no difference was found in

the unadjusted comparison of fT4 variability between the

patients with cardiovascular morbidity and those without

morbidity.

In this study, the association of TFT variability with morbidity

due to any CVDs and due to the subgroup of arrhythmias was

analysed. Nonarrhythmia related CVDs were not evaluated

separately due to the small number of events in these groups.

Arrhythmias, mainly atrial fibrillation, accounted for most of the

cardiovascular morbidity registered during the follow‐up.

TABLE 4 Clinical characteristics of the hyperthyroid patients treated primarily with antithyroid drug therapy in relation to the median and
the CV of all measured fT4 values during the follow‐up.

fT4 (pmol/L) fT4 CV (%)
Median IQR p Median IQR p

Gender Female 14.5 13.4–16.0 .048a 22.4 14.4–35.5 .215

Male 15.1 13.3–17.3 25.0 16.3–39.6

Smoking Current and
ex‐smokers

14.6 13.3–16.2 .913 24.8 15.3–36.7 .358

No 14.6 13.3–16.5 22.2 14.6–34.7

Hypercholesterolaemia Yes 14.7 13.0–17.2 .858 19.5 13.0–33.6 .247

No 14.6 13.4–16.4 23.2 14.9–40.0

Diabetes Yes 16.0 14.2–17.8 .003a 22.5 14.9–36.0 .805

No 14.5 13.2–16.1 22.5 14.8–36.0

Hypertension Yes 14.7 13.1–17.1 .886 25.3 15.6–35.2 .631

No 14.5 13.4–16.3 22.1 14.5–36.0

Eye symptoms Yes 14.4 13.4–16.5 .897 22.3 14.5–36.1 .569

No 14.7 13.4–16.2 23.5 14.7–35.2

Family history of thyroid
disease

Yes 14.2 13.3–15.6 .028a 22.3 15.2–34.1 .866

No 14.8 13.3–16.6 23.6 14.6–36.0

TPOAb positive Yes 14.3 13.1–15.9 .121 24.9 16.4–38.6 .024a

No 14.7 13.5–16.4 22.1 13.7–33.6

TRAb positive Yes 14.6 13.4–16.1 .668 25.0 16.4–40.0 .002a

No 14.3 13.1–15.4 19.8 12.7–30.6

Abbreviations: CV, coefficient of variation; fT4, free thyroxine; IQR, interquartile range; TPOAb, thyroid peroxidase antibody; TRAb, thyrotropin receptor
antibody.
aStatistical difference between the patients with and those without each baseline clinical characteristic (Mann–Whitney U test).
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Hyperthyroidism is a well‐known risk factor for atrial fibrillation

and has also been linked to other CVDs, such as cerebrovascular

diseases, valvular diseases, cardiomyopathies, heart failure and

diseases of arteries and veins, but not inevitably to coronary

artery disease.2,9–12 Hypertension may be regarded as a risk

factor, rather than being a CVD itself, although hyperthyroidism

may lead to secondary systolic hypertension.33 Therefore, the

multivariable analyses were repeated excluding the patients with

coronary artery disease or hypertension and the results did not

change.

We found that the variability of fT4 measurements was

associated with cardiovascular morbidity, whereas the variability

of TSH or fT3 was not. This finding may be partly explained by the

different responses of the thyroid axis hormones to the initiation

of ATD therapy. After the initiation of ATD therapy, TSH may

remain suppressed for several months due to delayed normaliza-

tion of the pituitary‐thyroid axis or continued TRAb stimulation,

and fT3 may remain elevated, despite normalized fT4 levels.34,35

Perhaps the relatively short follow‐up period of this study was

not optimal for evaluating the variability of TSH or fT3.

Lack of comprehensive information on pre‐existing cardio-

vascular morbidity is a major limitation of this study, as

pre‐existing morbidity is a major risk factor for subsequent

cardiovascular morbidity and could affect the results. Information

was available on cardiovascular risk factors, which were entered

as covariates in the multivariable analyses. The relatively short

follow‐up period and the rather small study cohort may be

regarded as limitations to this study. The focus of this study was,

however, on the short‐term cardiovascular complications after

the initiation of ATD therapy, and based on a previous study, the

risk for acute cardiovascular events is highest during the first

3 months after the diagnosis of hyperthyroidism.9 The first

laboratory values measured in primary health care at the time of

the diagnosis of hyperthyroidism or the doses of ATD therapy

were not available in this study. Presumably, the most remarkable

changes in the fT4 levels took place soon after the initiation of

ATD therapy. As the initial TFT values were not available, this

initial change in the TFTs was not included in the calculation of

the CVs. Information on CVD‐associated visits in primary health

care was not available and this could underestimate morbidity, as

less severe CVDs may have been treated solely in primary health

care. Due to the study design, conclusions regarding the causality

of the findings could not be drawn.

In conclusion, this is the first study to report that among

hyperthyroid patients treated primarily with long‐term ATD

therapy, the variability of fT4 is associated with an increased

cardiovascular morbidity. This finding emphasizes the importance

of effectively controlled thyroid hormone levels during ATD

therapy and early definitive treatment of hyperthyroidism if the

response to ATD therapy is not optimal. Further studies are

needed to verify the results of this study and to gain more insight

into the clinical relevance of thyroid hormone variability and its

possible associations with other adverse health outcomes, like

impaired quality of life, or mortality.
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