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Abstract

Objective: lodine fortification (IF) induces an initial increase followed by a decrease
in the incidence of hyperthyroidism in the general population. Within the population
of hyperthyroid patients, the sex-, age- and subtype distribution changes after IF.
The risk of atrial fibrillation (AF) in hyperthyroid patients may be influenced by these
factors. Therefore, we aimed to examine how the association between incident
hyperthyroidism and AF was affected by IF increasing the population iodine intake
from moderate-mild iodine deficiency to low adequacy.

Design, Patients and Measurements: Incident hyperthyroid patients were included
at the date of first inpatient or outpatient diagnosis, and AF diagnoses within
3 months before to 6 months after the index date were identified in Danish
nationwide registers, 1997-2018. The relative risk (RR) of AF each calendar year
(reference: 1997; IF introduced: 2000) was analyzed in Poisson regression models
adjusted for age, sex, educational level, geographic region, and comorbidities.
Results: Overall, in 62,201 patients with incident hyperthyroidism 7.9% were
diagnosed with AF. There was a minor nonsignificantly increased risk of AF during
the first years after IF followed by a gradual decrease to RR 0.76 (0.62-0.94) in
2017. There were no statistically significant differences in the development in the
risk of AF by sex, age group, or geographic region.

Conclusions: Results indicate that IF may reduce the risk of concomitant AF in
hyperthyroid patients. If these results are confirmed, IF may not only reduce the
population incidence of hyperthyroidism but also reduce the burden of morbidity in

the remaining hyperthyroid patients.
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1 | INTRODUCTION

Atrial fibrillation (AF) is a well-established consequence of hyper-
thyroidism.* The risk of AF in hyperthyroidism in previous studies
varies between 8% and 28%.2° This is primarily due to different
causes of hyperthyroidism, sex- and age distribution of hyperthyroid
patients, predisposing comorbidities, and differences in study design.
An approximately linear relation between thyroid dysfunction and
the risk of AF has been identified with decreased risk in
hypothyroidism, a slightly increased risk in subclinical hyper-
thyroidism and the highest risk in overt hyperthyroidism compared
with euthyroid.*> This has both been indicated in single studies,
meta-analyses, and in a Mendelian Randomization study.® Hyper-
thyroidism increases the risk of AF through both complex intracellular
and extracellular mechanisms of thyroid hormones on cardiac
electrophysiology.” Elevated thyroid hormones may induce paroxys-
mal AF followed by persistent AF if the thyroid hormone levels are
not normalised.2 Symptoms of hyperthyroidism are various but
nonspecific’ and the patient may initially seek medical attention
based on cardiac symptoms. Guidelines recommend that all patients
with AF are screened for hyperthyroidism, thus, some are diagnosed
through this route while other hyperthyroid patients are diagnosed
with AF following the diagnosis of hyperthyroidism.

AF is associated with reduced quality of life'® and an increased risk
of stroke, heart failure, and mortality.11 Therefore, prevention of AF can
have substantial public health implications. lodine fortification (IF) is
widely implemented to prevent iodine deficiency disorders and IF
induces marked changes in the incidence and distribution of hyper-
thyroidism in the population.'? However, it is not previously examined
how IF affects the risk of concomitant AF in hyperthyroid patients.

In 2000 mandatory IF was introduced in Denmark, adding 13 ppm
jodine to household salt and salt in bread and baked goods.*® This
brought the Danish iodine intake level from mild-moderate deficiency to
low adequacy.* After introduction of IF a transient increase in incident
hyperthyroidism followed by a decrease was observed.® This increase
and decrease may directly affect the number of AF cases. Additionally,
the increase in hyperthyroidism after IF was introduced was observed in
all age groups,® and a slightly higher proportion of hyperthyroid cases
was caused by toxic nodular goitre compared with Graves' disease.'®
The following decrease in hyperthyroid cases was characterised by a
steeper decrease in the oldest age groups,® and a decrease in both
main subtypes of hyperthyroidism with a steeper decrease in toxic
nodular goitre than in Graves' disease.l” The ratio between men and
women remained largely unaltered after IF.2> These changes observed
after IF may affect the risk of AF in the hyperthyroid population because
the risk of AF is higher in elderly persons, partly due to a higher burden
of comorbidities, and higher in toxic nodular goitre compared with
Graves' disease.®> Thus, we hypothesise that IF may initially induce
higher risk of AF in hyperthyroid patients, while a lower risk of AF in
hyperthyroid patients will follow years after the implementation of IF.

In the present study, we aimed to examine the risk of AF among
patients with incident hyperthyroidism and how the risk of AF was
affected over time by the introduction of IF. We hypothesised that

the increased iodine status following IF would decrease the risk of AF

associated with hyperthyroidism.

2 | MATERIALS AND METHODS
2.1 | Data sources

We utilized data from Danish nationwide healthcare and administrative
registers. All Danish citizens are registered with a unique personal-
identification number allowing individual-level linkage between regis-
ters.?® The Danish National Patient Register (NPR) contains diagnoses
for all in- and outpatient hospital contacts since 1977, we utilized
primary and secondary diagnoses. The Danish National Prescription
Registry (DNPR) contains records of all redeemed prescriptions since
1995.2° Administrative registers contain information on date of birth,

sex, educational level, and municipality of residence.?'??

2.2 | Population: Incident hyperthyroidism

We included all incident hyperthyroid patients during 1997-2017
aged 25-79 years. Hyperthyroidism was defined as a first-time in- or
outpatient diagnosis of hyperthyroidism (ICD-10: E05.0-E05.9) in the
NPR. The date of first hospital contact with the diagnosis was defined
as the index date.

Hyperthyroid patients were excluded if there was (a) a previous
diagnosis of hypothyroidism (ICD-10: EQ3), thyroid cancer (ICD-10:
C73.9), or pituitary disease (ICD-10: E23.0-9), (b) within 2 years
before the index date a redeemed prescription of amiodarone (ATC:
C01BDO01) or lithium (ATC: NO5ANO1), (c) within 6 months before
the index date a redeemed prescription of monoclonal antibodies
(ATC: LO1XC), protein kinase inhibitors (ATC: LO1XE), interferon
alpha (ATC: LO3AB), levothyroxine (ATC: HO3AA), or (d) within 12
months before or until 12 months after the index date a birth or
abortion (ICD-10: Z338 and O03).

In- and exclusions to the population are illustrated in Figure 1.

23 | AF

AF was defined as a diagnosis of AF (ICD-10: 148) within 3 months
before or until 6 months after the index date for hyperthyroidism. For
sensitivity analyses AF was also defined within 3 months before until
index date, 1 month before to 3 months after, and 6 months before

to 12 months after the index date for hyperthyroidism.

2.4 | Covariables

Age was defined at index date. Region of residence was divided into
the regions with moderate iodine deficiency before IF (western
Denmark) and mild iodine deficiency before IF (eastern Denmark).
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Incident hyperthyroidism
diagnosis 1997-2017,

* Diagnosis of thyroid disease prior, N=2528*

* Amiodarone orlithium 2years prior, N=2779*

* Monoclonal antibodies, protein kinase inhibitors,
interferon alpha, levothyroxine 6 months prior,

* Birth/abortion,+12 months, N=284*

*One cbservation can fulfillseveral exclusioncriteria

25-79 years
N=71,838
| N=5851%
\ 4
Incident hyperthyroidism
N=62,201

FIGURE 1 In- and exclusions to the study population.

Highest attained educational level was classified according to the
International Standard Classification of Education (ICSED) levels:
short education (primary or upper secondary education), medium
education (>4 years; vocational education) and long education (24
years: bachelor's or master's degree or short-cycle higher education).

The Charlson comorbidity index (CCl) as updated in 2011 by

1.232% was calculated for each observation as a cumulative

Quan et a
weighted score (maximum 24) from the number and severity of
comorbid conditions. The CCl was calculated using a SAS macro
(developed by Ken Turner and Charles Burchill).?®> The CCl was
classified as a score of O, 1, 2, and =3.

Specific comorbidities defined were congestive heart failure,
diabetes, hypertension, ischaemic heart disease, heart valve dis-
ease and chronic obstructive pulmonary disease (see definitions in
Supporting Information S1: Table S1).

Both the CCl and specific comorbidities were defined from
diagnoses derived from the NPR during the 5 years before the
index date.

2.5 | Statistical methods

Population characteristics are presented stratified into groups of 3
calendar years and trends in characteristics during the study period
were tested. Poisson regression with robust standard errors was
applied to assess the relative risk (RR) and 95% confidence intervals
(95% ClI) for the associations between AF and calendar year with year
1997 as the reference. The association was examined in a series of
models, first adjusting for sex and age (continuous), second, including
educational level and region of residence (moderate vs. mild iodine

deficiency before IF) and lastly including the specific comorbidities

that may affect the risk of AF. A nonlinear (quadratic) effect of age
was identified and included in the model. In the final model effect
measure modifications were assessed by testing the interaction terms
of calendar year with sex, three age groups, and region of residence,
one interaction pair at the time. The estimates of the interactions are
derived from the joint model and presented graphically. From the
final model we also derived the mutually adjusted effect of sex, three
age groups, and region. Analyses were performed in SAS, version 9.4

(SAS Institute Inc.) and statistical significance defined as p < 0.05.

2.6 | Sensitivity analyses

The primary analyses were repeated with AF 3 months before the
index date, 1 month before to 6 after and 6 months before to 12
months after the index date for hyperthyroidism. The effect of
initiation of antithyroid medication before the index date was
evaluated. Finally, the analyses were replicated in a population with
incident goitre (ICD-10: DE04) and no medication or diagnosis of
hyperthyroidism.

2.7 | Ethics

According to Danish legislation ethical approval is not required for
studies based solely on registers. Approval from the Danish Data
Protection Agency (journal number p-2021-43), Statistics
Denmark, and the Health Data Authorities (FSEID-00005629)
was obtained for handling the data. All analyses were performed at
servers at Statistics Denmark with pseudonymized personal
identification numbers.

858017 SUOWILLIOD 8A 1810 3|ealdde aup Aq pausenob ae sajole YO ‘85N JO Sa|nJ Joj Akeid18ulUO A8]IM UO (SUOTPUOO-PUB-SWBI W00 A8 | 1M A1 1[BU1|UO//SANL) SUORIPUOD PUe SWLB | 8L 88S [202/70/9T] uo AriqiTauliuo (1M ‘eBpeimous eoluyde L usiueq Aq zy0GT USO/TTTT OT/I0P/L00" A3 |1M Ake.q 1 |pul|uo//:Sdny WOl pepeoiumod ‘G ‘vZ0Z ‘G922S9ET



M@LLEHAVE ET AL

505
Wi LEY—‘—

3 | RESULTS

3.1 | Population and characteristics

During the study period 71,838 patients with incident hyperthyroidism
were identified and 62,201 were available after exclusions (Figure 1).
The crude annual number of incident hyperthyroid patients was higher
in the years immediately after IF and decreased again. There were
statistically significant but minor changes in the distribution of most

patient characteristics during the study period (Table 1).

3.2 | Development in the association between
hyperthyroidism and AF

The overall risk of AF was 7.88% (95% Cl: 7.66-8.09). During the
first years of the study period, in 1998-2002, there was a
nonsignificant indication of an elevated risk of AF compared with
the risk in 1997. From 2001 until the end of the study period the
risk of AF fell gradually and was statistically significantly below the
baseline risk in 2006, 2011, 2013 and 2015-2017 with RR 0.76
(95% Cl: 0.62-0.94) in 2017 compared with 1997. This pattern

TABLE 1 Characteristics of patients with incident hyperthyroidism throughout the study period.
1997-1999 2000-2002 2003-2005 2006-2008 2009-2011 2012-2014 2015-2017

Total n 8367 10,020 9699 8566 7890 8548 9111
Female, % (n) 83.3 (6972) 83.0 (8318) 82.6 (8010) 80.6 (6904) 80.2 (6326) 78.9 (6745) 79.4 (7232)
Age

25-34, % (n) 4.7 (391) 5.0 (502) 5.8 (562) 5.2 (448) 5.0 (392) 5.5 (468) 0.9 (536)

35-44, % (n) 12.5 (1049) 12.9 (1293) 14.4 (1393) 14.2 (1214) 14.5 (1145) 13.9 (1188) 13.8 (1253)

45-54, % (n) 16.00 (1338) 16.5 (1649) 16.6 (1607) 17.3 (1480) 16.2 (1275) 16.4 (1398) 14.9 (1360)

55-64, % (n) 20.1 (1681) 22.1 (2214) 22.6 (2187) 21.7 (1861) 19.9 (1572) 19.8 (1688) 19.8 (1801)

65-74, % (n) 21.0 (1756) 19.7 (1974) 20.0 (1943) 21.8 (1870) 24.1 (1905) 24.2 (2070) 22.4 (2043)

75-79, % (n) 25.7 (2152) 23.8 (2388) 20.7 (2007) 19.8 (1693) 20.3 (1601) 20.3 (1736) 23.3 (2118)
Educational level

Short, % (n) 51.7 (4324) 50.4 (5050) 45.9 (4447) 41.6 (3564) 39.4 (3105) 35.3 (3014) 33.8 (3082)

Medium, % (n) 27.2 (2272) 30.7 (3079) 32.8 (3178) 34.4 (2946) 35.3 (2786) 36.4 (3111) 35.8 (3260)

Long, % (n) 14.1 (1183) 16.6 (1661) 19.6 (1904) 22.3 (1910) 23.5 (1853) 26.3 (2245) 28.5 (2594)

Unknown, % (n) 7.0 (588) 2.3 (230) 1.8 (170) 1.7 (146) 1.9 (146) 2.1 (178) 1.9 (175)
Region

Moderate ID before IF, % (n) 60.5 (5061) 63.8 (6390) 63.3 (6135) 60.9 (5220) 60.7 (4789) 59.3 (5064) 53.8 (4901)

Mild ID before IF, % (n) 39.5 (3306) 36.2 (3630) 36.8 (3564) 39.1 (334¢) 39.3 (3100) 40.8 (3483) 46.2 (4208)
CCl

0, % (n) 81.8 (6844) 83.2 (8332) 83.6 (8110) 83.6 (7160) 82.2 (6489) 82.2 (7024) 82.2 (7491)

1, % (n) 8.2 (689) 7.4 (740) 7.5 (727) 7.1 (605) 7.5 (593) 0.7 (660) 6.7 (612)

2, % (n) 7.2 (600) 6.7 (669) 6.0 (586) 6.3 (542) 6.8 (536) 0.8 (582) 7.4 (676)

23, % (n) 2.8 (234) 2.8 (279) 2.9 (276) 3.0 (259) 3.5 (272) 3.3 (282) 3.6 (332)
Hypertension, % (n) 6.3 (526) 7.6 (759) 10.3 (998) 12.2 (1047) 14.1 (1110) 13.6 (1165) 13.5 (1226)
IHD, % (n) 6.4 (535) 6.9 (686) 6.5 (627) 5.4 (466) 6.0 (470) 6.0 (511) 5.5 (499)
HF, % (n) 4.3 (362) 4.3 (426) 3.0 (290) 3.2 (275) 2.9 (227) 2.5(212) 2.9 (264)
Heart valve disease, % (n) 1.0 (83) 1.1 (114) 1.3 (123) 1.2 (104) 1.6 (127) 1.6 (139) 1.7 (152)
Diabetes, % (n) 5.8 (485) 5.8 (581) 5.8 (560) 6.0 (515) 6.5 (516) 5.9 (503) 5.4 (493)
COPD, % (n) 4.6 (382) 4.8 (480) 4.3 (416) 4.5 (387) 5.0 (391) 4.6 (389) 4.5 (407)

Note: Test for trend: sex p < 0.001, age class p < 0.001, educational level p < 0.001, region p < 0.001, CCl p < 0.001, hypertension p < 0.001, IHD p < 0.001,

HF p < 0.001, heart valve disease p < 0.001, diabetes p=0.812, COPD p =0.875.
Abbreviations: CCl, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; HF, heart failure; ID, iodine deficiency, IF, iodine
deficiency, IHD, ischaemic heart disease; N, number of observations, SD, standard deviation.
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was minimally affected by adjustment for confounding factors
(Table 2).

There were no statistically significant interactions between
calendar year and sex (p =0.240), three age groups (p =0.552), or
geographic region (p = 0.907); meaning that the development in the
risk of AF did not differ between these groups during the study
period. The results are presented graphically in Figures 2-4.

In the mutually adjusted model, the risk of AF was higher in men
compared with women [RR: 1.688 (95% Cl: 1.585-1.797)], higher
with higher age [RR: 5.944 (95% Cl: 4.945-7.144) in 45-64 years and
RR: 14.828 (95% Cl: 12.366-17.781) in 65-79 years compared with
25-44 years] and higher in the region with moderate compared with
mild iodine deficiency before IF [RR: 1.138 (95% ClI: 1.068-1.208)].
Most comorbidities were associated with an increased risk of AF:
heart faliure [RR: 2.672 (95% Cl: 2.451-2.914)], hypertension [RR:

1.376 (95% Cl: 1.281-1.477)], ischaemic heart disease [RR: 1.039
(95% Cl: 0.952-1.133)], heart valve disease [RR: 1.579 (95% ClI:
1.382-1.798)], but not diabetes [RR: 1.042 (95% Cl: 0.949-1.145)] or
chronic obstructive lung disease [RR: 0.999 (95% Cl: 0.906-1.101)].

3.3 | Sensitivity analyses

The overall risk of AF was 6.61% (95% 6.41-6.80) from 3 months
before until index date, and the development in the risk of AF during
1997-2017 was close to that for the primary analyses (Supporting
Information S1: Table S2). The overall risk of AF was 6.89% (95% ClI:
6.69-7.08) within 1 month before to 3 months after the index date
and 8.73% (95% Cl: 8.51-8.95) within 6 months before to 12 months

after the index date. The gradual decrease in the risk of AF during

TABLE 2 Development in the risk of atrial fibrillation in incident hyperthyroid patients during 1997-2017.

% (n AF/n Model 1°
hyperthyroid) RR (95% ClI)

1997 8.8 (231/2618) 1 (ref)

1998 8.9 (249/2788) 1.011 (0.845-1.209)
1999 10.0 (297/2961) 1.119 (0.942-1.328)
2000 9.3 (291/3142) 1.069 (0.898-1.268)
2001 9.9 (333/3372) 1.132 (0.957-1.339)
2002 8.8 (311/3506) 1.066 (0.899-1.264)
2003 8.0 (278/3495) 0.993 (0.834-1.182)
2004 7.5 (239/3187) 0.942 (0.786-1.129)
2005 7.5 (227/3017) 0.932 (0.776-1.120)
2006 6.2 (186/2995) 0.773 (0.637-0.937)*
2007 8.3 (236/2836) 1.020 (0.850-1.222)
2008 7.8 (213/2735) 0.940 (0.780-1.132)
2009 7.2 (188/2631) 0.885 (0.730-1.073)
2010 7.8 (202/2578) 0.916 (0.758-1.106)
2011 7.0 (187/2681) 0.817 (0.673-0.990)*
2012 7.5 (206/2750) 0.905 (0.750-1.092)
2013 6.9 (201/2908) 0.813 (0.673-0.983)*
2014 8.3 (241/2890) 0.951 (0.794-1.139)
2015 6.5 (203/3114) 0.751 (0.622-0.907)*
2016 5.9 (198/3351) 0.671 (0.555-0.811)*
2017 6.8 (182/2646) 0.759 (0.625-0.921)*

Model 2°
RR (95% Cl)

1 (ref)
1.056 (0.868-1.285)
1.131 (0.937-1.366)
1.071 (0.889-1.292)
1.138 (0.950-1.365)
1.068 (0.889-1.284)
1.003 (0.831-1.210)
0.957 (0.789-1.161)
0.954 (0.784-1.159)
0.784 (0.638-0.962)*
1.039 (0.855-1.261)
0.957 (0.784-1.168)
0.902 (0.735-1.106)
0.943 (0.771-1.153)
0.835 (0.680-1.025)
0.930 (0.761-1.136)
0.828 (0.676-1.013)
0.960 (0.790-1.166)
0.776 (0.635-0.949)*
0.687 (0.561-0.841)*
0.789 (0.642-0.971)*

Note: Asterix (*) indicates relative risk estimates statistically significantly different from the level in 1997 (reference).

Model 3¢
RR (95% Cl)

1 (ref)
1.040 (0.855-1.266)
1.112 (0.921-1.343)
1.069 (0.887-1.289)
1.110 (0.926-1.331)
1.032 (0.858-1.240)
1.000 (0.829-1.207)
0.933 (0.769-1.132)
0.941 (0.774-1.144)
0.768 (0.625-0.943)*
0.990 (0.815-1.202)
0.907 (0.743-1.108)
0.871 (0.709-1.069)
0.896 (0.732-1.096)
0.807 (0.657-0.991)*
0.901 (0.737-1.102)
0.810 (0.661-0.992)*
0.945 (0.777-1.148)
0.751 (0.613-0.919)*
0.674 (0.550-0.826)*
0.760 (0.617-0.935)*

Abbreviations: AF, atrial fibrillation; Cl, confidence interval AF within 3 months before to 6 months after diagnosis of incident hyperthyroidism; N, number
of observations; RR, relative risk.

2adjusted for age and sex.

badjusted for age, sex, educational level, geographic area.

“adjusted for age, sex, educational level, geographic area and comorbidities (congestive heart failure, diabetes, hypertension, ischaemic heart disease,
heart valve disease and chronic obstructive pulmonary disease).
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FIGURE 2 Risk of atrial fibrillation in incident 25
hyperthyroid patients during 1997-2017 by sex. —@— Men
Circles illustrates the estimated risk and error bars —O— Women
illustrate the 95% confidence intervals each
. 20
calendar year for men (black circles) and women
(white circles).
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FIGURE 3 Risk of atrial fibrillation in incident
hyperthyroid patients during 1997-2017 by age - ®— Age 25-44 years
groups. Symbols illustrate the estimated risk and . 29: gg:% y::i
error bars illustrate the 95% confidence intervals 45 | - #
each calendar year for patients aged 25-44 years
(black circles), 45-64 years (white circles) and 40 |
65-79 years (black triangles).
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1997-2017 was slightly stronger when AF was defined within 1
month before to 3 months after the index date (Supporting
Information S1: Table S3 and S4).

Overall, 37.4% of the hyperthyroid population started antithyr-
oid medication before the first hospital contact, which marks the
index date. Medication initiation before index was associated with a
lower risk of AF [RR: 0.789 (95% Cl: 0.752-0.838)], but additional
adjustment for medication in the final model did not affect
development in the risk of AF (results not shown).

In a control population of patients with incident goitre and no
hyperthyroidism ever before or up to 12 months after the index date
(Supporting Information S1: Figure S1 and Table S5) we found an

CONZ \’5
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Year

r1,0\6 0\6 0\’\

overall risk of AF of 1.12% (95% Cl: 1.04-1.21). In patients with
incident goitre there was no statistically significant change in the risk

of AF during the study period (Supporting Information S1: Table Sé).

4 | DISCUSSION

41 | Summing up results

This is the first study to examine how IF affects the risk of AF in
hyperthyroid patients. We found a nonsignificant indication of an
increase in the risk of AF in hyperthyroid patients in the first years
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20 FIGURE 4 Risk of atrial fibrillation in incident
—@— Moderate hyperthyroid patients during 1997-2017 by
—0— Mild region. Circles illustrate the estimated risk and

error bars illustrate the 95% confidence intervals
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each calendar year in the region with moderate
iodine deficiency before iodine fortification (black
circles) and the region with mild iodine deficiency
before iodine fortification (white circles).
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after introduction of IF, and thereafter a gradual reduction in the risk
of AF which was statistically significant from approximately
2011-2013. The overall risk but not the development in risk differed
by sex, age groups, and region of residence. Sensitivity analyses did

not markedly affect the results.

4.2 | Comparison with previous studies
To our knowledge, no studies have previously examined how the risk
of AF in the hyperthyroid population is affected by IF. Aminorroaya
et al examined the prevalence of thyrotoxicosis in 100 AF patients
immediately before and 100 patients 8-10 years after introduction of
IF in Iran increasing the iodine intake from iodine deficiency to
sufficiency. The prevalence of hyperthyroidism in AF patients
increased from 3.7% to 8%.%¢ It is difficult to directly compare the
risk of hyperthyroidism in the AF population with the risk if AF in the
hyperthyroid population, however, in our study the risk of AF
identified in the 3 months before the incident diagnosis of
hyperthyroidism mirrored the overall trend with an initial minor
increase followed by a decrease in the risk of AF. It made little
difference to the overall results of the present study whether AF was
defined within 1-3 months or 6-12 months of the index date,
indicating that hyperthyroidism and AF are concomitantly diagnosed.
Similar to previous studies, we found an increased risk of AF in men,
with higher age, and with specific comorbidities.?” The proportion of
men and comorbidities in the study population increased slightly
during the study period but the decline in risk of AF was observed
before adjustment for these variables and adjustment changed the
results minimally.

Contrary to the decline in the risk of AF in the hyperthyroid
population observed in the current study, in the total Danish
population the incidence of AF increased by mean 1.4% annually

NER NN
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6.

between 2000 and 2012.*! The awareness of AF and prevalence of
diagnostic procedures in the general population is lower than in
hyperthyroid patients and may have changed differently during the
study period. Therefore, we examined the development in the risk of
AF in patients with an incident diagnosis of goitre who are typically
followed in endocrinology departments and therefore have a risk of
detection bias closer to that of hyperthyroid patients. In these
patients we found no change in the risk of AF during the study
period, thus supporting that the decline in the risk of AF in
hyperthyroid patients may not be solely ascribed to detection bias
and might be linked with IF.

4.3 | Possible mechanisms: Biologic

The risk of AF in hyperthyroid patients is associated with the severity
of disease as indicated by the level of thyroid hormones® and with the
duration of disease.?”-?® During the first years after IF the incidence of
hyperthyroidism increases'® and the severity of hyperthyroidism in the
patient population may also be aggravated especially in the elderly
patients where nontoxic thyroid nodules may become slightly
hyperfunctioning, and slightly hyperfunctioning thyroid nodules may
develop into overt hyperthyroidism when an increased level of iodine
is available,'® leading to a somewhat elevated risk of AF in the
hyperthyroid population. Approximately 5-10 years after introduction
of IF the risk of AF in the hyperthyroid population gradually decreased.
After IF the subtypes of thyroid disease in the hyperthyroid population
also changed; between 1997 and 2014-2016 multinodular toxic goitre
and Graves' disease had decreased by 82% (95% Cl: 77-85) and 33%
(95% Cl: 21-44), respectively, in the Northwestern part of Denmark.
Hereby, the proportion of multinodular toxic goitre made up a smaller
proportion of the hyperthyroid population after IF.2” The risk of AF is
indicated to be higher in multinodular toxic goitre compared with

858017 SUOWILLIOD 8A 1810 3|ealdde aup Aq pausenob ae sajole YO ‘85N JO Sa|nJ Joj Akeid18ulUO A8]IM UO (SUOTPUOO-PUB-SWBI W00 A8 | 1M A1 1[BU1|UO//SANL) SUORIPUOD PUe SWLB | 8L 88S [202/70/9T] uo AriqiTauliuo (1M ‘eBpeimous eoluyde L usiueq Aq zy0GT USO/TTTT OT/I0P/L00" A3 |1M Ake.q 1 |pul|uo//:Sdny WOl pepeoiumod ‘G ‘vZ0Z ‘G922S9ET



M@LLEHAVE ET AL

509
Wi LEY—‘—

Graves' disease,27-30

which may be explained by increased age and
longer durations of subclinical hyperthyroidism,® despite higher levels
of thyroid hormones at diagnosis in Graves' disease.>! Thus, the shift in
subtype of hyperthyroidism towards a lower proportion of multi-
nodular toxic goitre may explain part of the decreased risk of AF. In a
sample of incident hyperthyroid patients in Northwestern Denmark in
2006-2019 the thyroid hormone tests identifying overt disease
showed that total T4 but not total T3 had decreased during the study
period (Supporting Information S7). This mirrors the changes in
subtypes because T4 is especially elevated in multinodular toxic goitre
and T3 is especially elevated in younger persons and Graves' disease.
The decrease in thyroid hormone levels might explain some of the
decrease in the risk of AF. However, in this study, we are unable to

distinguish if this is due to the IF, changes in referral, or both.

4.4 | Possible mechanisms: Bias

Changes in referral, diagnosis, and treatments during the study period
may have affected the results. First, the annual number of thyroid
function tests by general practitioners increased by over 250% during
2000-2015 in the Copenhagen area.’? Second, during the study
period, a larger proportion of hyperthyroid patients were referred to
treatment in hospital departments and fewer patients are managed
only by general practitioners (results not shown). We speculate that
more mild cases of hyperthyroidism (with subsequently lower risk of
AF) were identified and referred to treatment in hospital departments
which may affect our results towards a lower risk of AF in the study
population. Third, the use of routine electrocardiograms has declined
in endocrinology departments, while home monitoring devices have
become more common in patients where AF is suspected. Simulta-
neously, the recognition and awareness of the cardiological effects of
hyperthyroidism have increased and all AF patients are screened for
thyroid disease. Therefore, we consider it implausible that the
reduction observed in the risk of AF can be attributed to
detection bias.

4.5 | Strengths and limitations

The main strength of this study is the use of register data which
provides a large sample size through 21 years and long follow-up
after implementation of IF. Furthermore, the nationwide registers
cover all patients treated in the tax-funded public hospitals and thus
carries no risk of self-selection into the study and no loss to follow-
up. Register diagnoses of hyperthyroidism®® and AF** have been
found to be of high validity. There is a risk that the index date is not
precise for all hyperthyroid cases because of diagnostic delay. In
2013 and 2016 laws were passed securing the right to, respectively,
diagnostic examinations within 1 month®> and treatment within

1 month,¢

which can have reduced waiting times.
Despite the availability of information on several key confoun-

ders we acknowledge that there may be residual confounding.

F%7 and also affects

Smoking and alcohol can increase the risk of A
thyroid function,®? but individual-level information on this was not
available. Also, increasing BMI is associated with AF,%® but was not
available. We attempted to define the subtype of hyperthyroidism
from the diagnosis codes, but despite good validity of the overall
diagnosis the validity of the subtype classification was found to be

too poor. Therefore, we did not apply this variable.

4.6 | Conclusion and perspectives

A mandatory IF programme increasing the iodine status of the
population from mild-moderate deficiency to low-adequacy might be
associated with an initial small increase followed by a marked
decrease in the risk of AF in patients with incident hyperthyroidism.
This needs to be confirmed in future studies and more research is
needed to elucidate the effect of IF on subtype and severity of
hyperthyroidism in the patient population. If these results are
confirmed, IF may not only reduce the population incidence of
hyperthyroidism but may also lower the burden of morbidity in the

remaining hyperthyroid patients.
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