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Abstract

Introduction To minimize recurrence risk in differentiated thyroid cancer (DTC), TSH is usually lifelong suppressed

with levothyroxine. A common consequence of this treatment is subclinical hyperthyroidism which can induce

cardiovascular disease (CV). This study’s aim was to compare CV incidence in DTC patients with the general

population in Sweden.

Materials and methods All Swedish patients diagnosed with DTC in 1987–2013 were included in the cohort study.

Lifelong TSH suppression treatment was assumed to be administered to patients in compliance with prevalent

national guidelines. Patients were followed from 1 year after DTC diagnosis until December 31, 2014, death, or

migration. The event of interest was hospitalization due to any of the following diseases: atrial fibrillation (AF),

cerebrovascular disease, cerebral infarction, ischemic heart disease, ischemic heart attack, and heart failure. Stan-

dardized incidence ratios (SIRs) were calculated to compare CV incidence between DTC patients and the general

population.

Results The cohort consisted of 6900 patients with DTC. Hospitalization was increased among DTC patients for AF

(SIR 1.66, CI 95% 1.41–1.94), and women faced increased hospitalization for cerebrovascular disease (SIR 1.20 CI

95% 1.04–1.38). Regarding the remaining CV diseases, no consistent difference in SIR between the groups was

observed.

Conclusion Compared to the general population, DTC patients have a higher incidence in AF, and female face a

slightly higher incidence in cerebrovascular disease. However, there was no difference in hospitalization for other

studied CV diseases between DTC patients and the general population.

This paper was presented as an oral presentation at the IAES

meeting/48th World Congress of Surgery August 11–15, 2019 in

Kraków, Poland.

& Maximilian Zoltek

maximilian.zoltek@ki.se

Therese M.-L. Andersson

therese.m-l.andersson@ki.se

Christel Hedman

christel.hedman@ki.se

Catharina Ihre-Lundgren

cia.ihre-lundgren@ki.se

Caroline Nordenvall

caroline.nordenvall@ki.se

1 Department of Molecular Medicine and Surgery, Karolinska

Institutet, Stockholm, Sweden

2 Department of Medical Epidemiology and Biostatistics,

Karolinska Institutet, Stockholm, Sweden

3 Stockholms Sjukhem Foundation’s R&D Department,

Stockholm, Sweden

123

World J Surg (2020) 44:436–441

https://doi.org/10.1007/s00268-019-05249-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-019-05249-8&amp;domain=pdf
https://doi.org/10.1007/s00268-019-05249-8


Introduction

Differentiated thyroid cancer (DTC) accounts for more

than 95% cases of thyroid carcinomas [1], and patients face

a good prognosis with a 10-year relative survival exceeding

90% [2]. Curative treatment consists of total thyroidectomy

and radioactive iodine treatment (RAI) [3]. Since thy-

rotropin (TSH) stimulates cancer cells [1, 3], patients

usually receive levothyroxine in doses to suppress TSH,

and it is known that a more aggressive suppression therapy

reduces recurrence risk [4]. More, recent guidelines rec-

ommend individualized long-term levels of TSH suppres-

sion, considering not only the aggressiveness of the cancer

disease, but also side effects of the treatment [5].

A known adverse effect of TSH suppression is sub-

clinical hyperthyroidism, which is well studied in patients

without DTC, being an established risk factor of atrial

fibrillation (AF) and heart failure (HF) [6, 7]. Physiological

effects include an increase in the heart rate and left ven-

tricular size [8, 9], decreased arterial elasticity, and nega-

tive prothrombotic effects [10–14]. More, an inflammatory

process of the carotid wall has also been suggested to play

a role in the pathophysiological process [15].

Since expected survival in DTC is good, patients have

risk to incur illnesses from the treatment rather than dying

from cancer itself [16]. Currently, there are small- and

medium-scale studies on cardiovascular disease in DTC

patients with varying methodological approaches. Some

publications report increased incidence in AF [10, 17, 18];

however, no relationship between suppressed TSH levels

and cardiovascular disease has consistently been proven.

We have previously, in a national cohort study of 6900

patients, reported that DTC patients face an increased risk

of mortality related to AF compared to the general popu-

lation [19]. In this study, we intend to pursue the ambition

of clarifying the risk of cardiovascular disease in DTC

patients and hypothesize that patients are at higher risk of

cardiovascular morbidity compared to the general

population.

Materials and methods

In Sweden, the healthcare system is publicly funded, and

each resident is assigned a unique personal identity number

[20], which allows the National Board of Health and

Welfare to run nationwide registers of excellent quality

containing information on hospitalizations and cancer dis-

ease, as well as complete follow-up with information on

migration and cause of mortality [21]. From the Swedish

Cancer Registry in 1987–2013 DTC, International Classi-

fication of Disease (ICD) 7194, pathology-anatomy diag-

nosis 096 was identified. During the study period, the

standard surgical intervention was total thyroidectomy

according to national guidelines, and only the primary

thyroid cancer diagnosis was considered in individuals with

multiple diagnoses. Data on cardiovascular disease for

DTC patients, as well as the general population, were

retrieved from the Inpatient Registry, and date of death, as

well as mortality cause, was collected from the Cause of

Death Registry. Patients that remained in the cohort for less

than 1 year after diagnosis were excluded. Lifelong TSH

suppression was assumed to be administered in compliance

with prevalent guidelines during the study period.

Endpoints

To study potential cardiovascular effects in DTC patients

related to the postoperative treatment, patients were fol-

lowed from 1 year after DTC diagnosis until the last day of

2014, death or migration. The endpoint of primary interest

was hospitalization for CV disease, and multiple events per

patient were allowed. Standardized incidence ratios (SIRs)

were calculated to compare CV incidence in DTC patients

and the general population. We investigated six different

CV endpoints and categorized them by the primary diag-

nosis at hospital discharge: ischemic heart disease (ICD-

9:410–414 ICD-10: I20-25), ischemic heart attack (ICD-

9:410 ICD-10 1:I21, I22), heart failure (ICD-9:428 ICD-

10:I50), cerebral infarction (ICD-9:431, 434, 436 ICD-10:

I61, I63, I64), cerebrovascular disease (ICD-9:430–434,

436–438 ICD-10:I60-69), and atrial fibrillation (ICD-

9:427D, 427A ICD-10: I48).

Covariates

The study population was subdivided by age at diagnosis,

calendar period at diagnosis, and sex. For patients included

in 2005 or later, TNM classification was available.

Statistical analyses

Standardized incidence ratios (SIRs) were calculated to

compare CV incidence between DTC patients and the

general population for cardiovascular endpoints listed

above. SIRs were calculated by gender, age, and calendar

period (both in 1-year strata). In categories given above,

SIRs and accompanying 95% confidence intervals (CI)

were computed. All aforementioned SIRs were computed
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for individual CV primary endpoints. Further, cumulative

incidence considering competing risks was calculated for

cardiovascular endpoints by age, sex, and year. Unlike

SIRs, only first cardiovascular event, for each endpoint,

was taken into consideration when computing cumulative

incidences.

STATA 12, Texas, USA, was employed for analyses.

Ethical consent was obtained from the Ethical Board at

Karolinska Institutet (Stockholm, Sweden), Dnr: 2014/714-

31.

Results

The cohort consisted of 6900 patients who were diagnosed

with DTC from 1987 to 2013 and approximately 3/4 of

them were women (Table 1). More than half of the patients

were 54 years old or younger at diagnosis, and the mean

follow-up time was 9.66 years.

Figure 1 depicts SIRs for the six different CV endpoints.

Patients had increased hospitalization for AF (SIR 1.66 CI

95% 1.41–1.94), as well as cerebrovascular disease (SIR

1.14 CI 95% 1.01–1.29) which on a subgroup analysis was

associated with women (SIR 1.20 CI 95% 1.04–1.38). For

the remaining four endpoints (cerebral infarction, ischemic

heart attack, ischemic heart disease, heart failure), there

was no difference in hospitalization among DTC patients

compared with the general population (Fig. 1).

Atrial fibrillation

There were in total 542 events of AF hospitalization, which

pertained to 279 unique individuals. Both men and women

on a standalone basis had elevated risk ratios of AF. Fur-

ther, SIRs were elevated among all age categories except in

patients C 75 years of age, and SIRs decreased with age at

diagnosis and with follow-up duration. More, incidence

increased with TNM classifications and was consistent

across calendar periods (Table 2).

Cumulative incidence

Cumulative incidence in atrial fibrillation in total, as well

as subdivided by sex, is presented as complementary data,

by Figs. 2, 3 and 4.

Discussion

In this nationwide cohort study of 6900 patients, we have

found DTC patients to be at significantly higher risk of

hospitalization for AF compared to the general population.

Elevated risk rates of AF affect both sexes, where men

seem to have a slightly higher SIR than their female

counterparts.

In addition to gender, follow-up time and age at diag-

nosis were associated with an elevated SIR of AF hospi-

talization. During the first five follow-up years, patients run

a twofold increased rate of AF hospitalization. While sex

and age at diagnosis are heterogeneous traits among

patients, more than 90% survive the first 10 years post-

cancer diagnosis [1], which implies that the vast majority

of DTC patients will face a higher risk rate of AF the first

years after diagnosis. More, patients 54 years or younger at

diagnosis were associated with an approximately 2–2.5

times elevated risk rate of AF. This is also clinically

meaningful to bear in mind, since more than half of the

study population belonged to this particular age category.

We have also noted that female DTC patients run a

slightly elevated rate of cerebrovascular disease compared

Table 1 Descriptive statistics of 6900 Swedish DTC patients diag-

nosed in 1987–2013

Entire cohort

N %

All 6900 100

Sex

Male 1812 26.26

Female 5088 73.74

Age at inclusion

\45 2523 36.57

45–54 1338 19.39

55–64 1161 16.83

65–74 1062 15.39

C75 816 11.83

Year of inclusion

1987–1995 1941 28.12

1996–2004 1992 28.87

2005–2013 2967 43.00

TNM (diagnosed C 2005)

T-stage

Missing 668 22.51

0 28 0.94

I 1085 36.57

II 634 21.37

III 408 13.75

IV 144 4.85

N-stage

Missing 1118 37.68

0 1262 42.53

I 587 19.78
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Fig. 1 Cardiovascular incidence, displayed as standardized incidence ratios (SIR) and 95% confidence intervals subdivided by six

cardiovascular endpoints. The blue line crossing SIR 1.0 equals the incidence rate of the general population

Table 2 Descriptive statistics and standardized incidence ratios (SIRs) and 95% confidence intervals for atrial fibrillation hospitalization

ICD subgroup # Incidental events atrial fibrillation SIR 95% CI

Lower Upper

All 542 1.66 1.41 1.94

Sex

Male 186 1.80 1.33 2.43

Female 356 1.59 1.32 1.91

Age at diagnosis

\45 63 2.67 1.61 4.41

45–54 101 2.02 1.40 2.94

55–64 166 2.01 1.44 2.82

65–74 140 1.38 1.07 1.79

C75 72 1.03 0.75 1.41

Period

1987–1995 278 1.60 1.30 1.97

1996–2004 188 1.70 1.25 2.30

2005–2013 76 1.77 1.23 2.55

Follow-up (years)

0–5 227 2.00 1.63 2.46

5–10 149 1.69 1.29 2.21

10–15 79 1.23 0.91 1.66

15–20 66 1.57 1.07 2.29

20–25 21 1.13 0.53 2.42
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to the general population, but not regarding cerebral

infarction. Concerning critical cardiac conditions such as

ischemic heart disease, ischemic heart attack, or heart

failure, we did not notice DTC patients to be at different

risk than the general population.

Our results are in line with recent publications, indi-

cating an elevated incidence in AF among DTC patients. A

retrospective cohort study of 901 patients [18] found DTC

patients to have a higher incidence in AF, and in a sub-

group analysis linked low TSH values with increased AF

morbidity. Another case–control study of roughly 500

patients [17] likewise reported higher incidence in AF

among DTC patients, but instead of TSH levels found AF

incidence to correlate with radioactive iodine treatment.

We stay assured that these potential explanatory variables

of increased AF morbidity presented in the previous

literature have been fixed over time in this study and that

patients have received care according to The National

Swedish Clinical Guidelines. The guidelines stipulate

radioactive iodine and TSH suppression treatment to all

DTC patients, and this assumption is further strengthened

by unpublished data from a recent review of 300 patients

from the Stockholm area 1995–2013, in where all have

been treated according to the prevalent guidelines under-

going total thyroidectomy, receiving radioactive iodine

treatment and being included in the TSH suppression

program. Further strengths of this study come with the vast

patient material. To our knowledge, no previous study has

described cardiovascular morbidity in a whole nation dur-

ing a follow-up period extending 20 years. More, the

national registries are externally validated presenting

excellent levels of quality [21].

While constituting a strength in describing the cardio-

vascular disease panorama, the registry approach poses

simultaneously the main weakness of this study since it has

not been feasible to collect information on TSH levels,

radioactive iodine treatment, and other patient character-

istics for several thousands of patients, trying to explain

differences in cardiovascular morbidity between groups.

More, we have only investigated cases of cardiovascular

inward care, but due to drawbacks in outpatient registries

not included patients that have been treated for cardio-

vascular disease in the specialist outward or primary care.

This approach comes with the strength of presenting reli-

able data on a large scale regarding inward care, at the cost

of not being able to depict the total cardiovascular disease

panorama. However, to our knowledge, there is no pub-

lished data that have shown DTC patients to be at con-

siderable cardiovascular risk at diagnosis. This is further

supported by the earlier mentioned unpublished data from

the Stockholm area 1995–2013, where the vast majority of

the 300 patients had neither a cardiovascular disease nor a

cardiovascular comorbidity prior to surgery.

Conclusions

We have in 6900 DTC patients over a 20-year study period

shown that DTC patients were hospitalized to a larger

extent for AF compared with the general population. Fur-

ther, young DTC patients relatively display the highest

increase in rate regarding AF hospitalization. However,

except for the case of cerebrovascular disease in female,

we could not find DTC patients to be hospitalized for other

cardiovascular diseases such as cerebral infarction,

ischemic heart disease, ischemic heart attack, or heart

failure to a higher rate than the general population. This

study, alongside with the recent previous literature, raises
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Fig. 2 Cumulative incidence of atrial fibrillation in all Swedish

patients diagnosed with DTC in 1987–2013 (mean with 95% CI)

Fig. 3 Cumulative incidence in atrial fibrillation in all Swedish

men diagnosed with DTC in 1987–2013 (mean with 95% CI)
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the need for further research on why DTC patients face

higher risks of AF disease.
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females diagnosed with DTC in 1987–2013 (mean with 95% CI)
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