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Context: Thyroid dysfunction has been associated with both increased all-cause and cardiovascular
mortality, but limited data are available on mild thyroid dysfunction and cause-specific mortality.

Objective: The objective of the study was to examine the risk of all-cause mortality, major adverse
cardiovascular events (MACEs), and cause-specific events in subjects with overt and subclinical
thyroid dysfunction.

Design: This was a retrospective cohort study.

Setting and Participants: Participants in the study were subjects who underwent thyroid blood
tests, without prior thyroid disease, consulting their general practitioner in 2000-2009 in Copen-
hagen, Denmark.

Main Outcome Measure: All-cause mortality, MACEs, and cause-specific events identified in na-
tionwide registries were measured.

Results: A total of 47 327 (8.4%) deaths occurred among 563 700 included subjects [mean age 48.6 (SD
+18.2) y; 39% males]. All-cause mortality was increased in overt and subclinical hyperthyroidism [age
adjusted incidence rates of 16 and 15 per 1000 person-years, respectively; incidence rate ratios (IRRs)
1.25 [95% confidence interval (Cl) 1.15-1.36] and 1.23 (95% ClI 1.16-1.30)] compared with euthyroid
(incidence rate of 12 per 1000 person-years). Risk of MACEs was elevated in overt and subclinical
hyperthyroidism [IRRs 1.16 (95% Cl 1.05-1.27) and 1.09 (95% Cl 1.02-1.16)] driven by heart failure [IRRs
1.14 (95% C10.99-1.32) and 1.20 (95% CI 1.10-1.31)]. A reduction of all-cause mortality was observed
in subclinical hypothyroidism with TSH of 5-10 mIU/L [IRR 0.92 (95% Cl 0.86-0.98)].

Conclusions: Heart failure is the leading cause of an increased cardiovascular mortality in both
overt and subclinical hyperthyroidism. Subclinical hypothyroidism with TSH 5-10 mIU/L might be
associated with a lower risk of all-cause mortality. (J Clin Endocrinol Metab 99: 2372-2382, 2014)
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t is debated whether overt and subclinical thyroid dys-
function is associated with increased mortality. Al-
though these conditions are very common, there have been
only a limited number of large studies on the effects of
thyroid dysfunction on mortality and cardiovascular
events (1-4). Parle et al (5) studied a cohort of 1191 in-
dividuals from primary care in Birmingham, United King-
dom, of whom 70 had subclinical hyperthyroidism, and
found that the latter had an increased risk of cardiovas-
cular and all-cause mortality. Contrary to this result, the
Cardiovascular Health Study, United States, found no in-
creased risk of coronary heart disease (CHD), cerebrovas-
cular disease, or cardiovascular or all-cause mortality in a
prospectively followed cohort of 3233 community-dwell-
ing individuals of whom 47 had subclinical hyperthyroid-
ism (6). Two recent registry-based studies from Denmark
found that a diagnosis of hyperthyroidism was associated
with both increased morbidity and mortality (7, 8).

In particular, results on mortality in overt and subclin-
ical hypothyroidism have been discrepant: Rodondi et al
(9) studied 338 individuals with subclinical hypothyroid-
ism and found that they had an increased risk of heart
failure but not of other cardiovascular events or all-cause
mortality. Likewise, no association was found with car-
diovascular outcomes or all-cause mortality among the 51
overt and 496 subclinical hypothyroid individuals in the
Cardiovascular Health Study, and the Leiden 85-Plus
Study from The Netherlands even found an increased lon-
gevity associated with increased TSH levels in the oldest
(6,10). In addition, a recent Danish study using a national
database found an 50% increased risk of all-cause mor-
tality in individuals with hypothyroidism, possibly due to
prevalent comorbidity (11).

To further examine the association between thyroid
dysfunction and risk of all-cause as well as cause-specific
mortality, we conducted a large population-based study of
a homogenous group of primary care patients that were
categorized according to their thyroid status based on a
first-time thyroid function testing.

Materials and Methods

Study setting

In Denmark, each resident is provided with a permanent and
unique civil registration number enabling individual level-link-
age between nationwide administrative registers holding infor-
mation on health care usage. Since 1978 the Danish National
Patient Registry has registered all hospital contacts in Denmark
(12). Each admission is registered with one primary and, if ap-
propriate, one or more secondary diagnoses according to the
World Health Organization International Classification of Dis-
eases, 10th revision. The Danish Register of Medicinal Product
Statistics holds information regarding all claimed prescriptions
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(coded according to the international Anatomical Therapeutic
Chemical classification) (13) in Denmark since 1995. The reg-
istry also includes information on the date of dispensation,
strength, and quantity dispensed. Due to partial reimbursement
of drug expenses by the Danish healthcare authorities, all phar-
macies are required to provide information that ensures com-
plete and accurate registration (14). Vital status was obtained
from the Central Population Register, which records all deaths
within 14 days, and specific causes of death were obtained from
the Danish Register of Causes of Death (15). Annual incomes
were retrieved from the Integral Database for the Danish Labor
Market (16), and socioeconomic status was defined by the av-
erage yearly gross household income in a S-year period prior to
inclusion in the study.

Population

The study cohort comprised citizens of Copenhagen (the cap-
ital of Denmark) aged 18 years or older who underwent thyroid
function testing at the Copenhagen General Practitioners Lab-
oratory in the period of January 1, 2000, through December 31,
2009. Each subject entered the cohort upon first thyroid function
testing and was followed up until December 31,2009, migration,
or death. The Copenhagen General Practitioners Laboratory
analyses laboratory tests ordered by primary care physicians in
the Copenhagen area except for the municipality of Frederiks-
berg. TSH, free and total T,, and free and total T; were deter-
mined in serum by the commercially available ADVIA Centaur
System (Bayer/Siemens) according to the instructions of the man-
ufacturer. Thus, the same TSH assay was used throughout the
study period (lower detection limit 0.01 mIU/L). Free T, was
analyzed routinely only in patients with abnormal TSH levels or
if specifically requested by the referring physician. Likewise, T
was measured routinely only in patients presenting with low
TSH and normal T.

We excluded all subjects with previous thyroid dysfunction,
ie, previous prescription of thyroid hormones or antithyroid
drugs or any thyroid-related hospital diagnosis. Patients with
previous myocardial infarction (MI), stroke, heart failure (HF),
cancer, and ambiguous times of death or thyroid blood test val-
ues were also excluded. Patients where categorized according to
their thyroid status at the time of first testing based on both the
traditional definitions of thyroid dysfunction and using TSH
level-dependent definitions of two levels of subclinical hyper-
and hypothyroidism, respectively (Table 1).

Comorbidity and concomitant medical therapy

From the Danish National Patient Registry comorbidities
were identified using the International Classification of Dis-
eases, 10th revision, codes for, eg, MI, HF, and stroke (Supple-
mental Table 1). These diagnoses have been validated and have
high sensitivities and positive predictive values (17, 18). The
Charlson comorbidity index was calculated on basis of pre-
specified diagnoses up to 5 years prior to cohort entry (19, 20).
From the Danish Register of Medicinal Product Statistics, we
identified all claimed prescriptions of thyroid hormones and
antithyroid medications as well as amiodarone, lithium, and
corticosteroids that are all known to affect thyroid function
(21).
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Table 1. Definitions of Thyroid Disease and Thyroid
Dysfunction Levels

TSH, Free T,, Total T,,

mlU/L pmol/L  mmol/L
Thyroid dysfunction definitions
Overt hyperthyroidism <0.2 >22 >140
Subclinical <0.2 9-22 60-140
hyperthyroidism
Grade | 0.1-0.2 9-22 60-140
Grade Il <0.1 9-22 60-140
Euthyroidism 0.2-5.0 9-22 60-140
Subclinical >5.0 9-22 60-140
hypothyroidism
Grade | 5.0-10.0 9-22 60-140
Grade Il >10.0 9-22 60-140
Overt hypothyroidism >5.0 <9 <60
Outcomes

The primary outcome of interest was all-cause mortality and
a combined end point of major adverse cardiovascular events
(MACEs) consisting of cardiovascular death, nonfatal M1, and
nonfatal stroke. Secondary outcomes included combined end
points of fatal and nonfatal MI, stroke, HF, and cancer.

Statistical analysis

Baseline characteristics are presented as numbers with per-
centages for categorical variables and as means (*=SDs) for con-
tinuous variables. Median follow-up time is reported with in-
terquartile range. Incidence rates (IRs) were calculated as
number of events per 1000 person-years (py) stratified by thyroid
function.

Time-dependent Poisson regression models were constructed
to estimate incidence rate ratios [IRRs; with 95% confidence
intervals (Cls)] for each study outcome. The Poisson regression
models were adjusted for age, sex, and calendar year and there-
fore included two time scales: calendar time with bands split in
1-year periods after January 1, 2000, and duration time since
first thyroid function testing. Age was calculated at the beginning
of each interval. Individuals were censored at the time of a fatal
or nonfatal event, the end of the follow-up period (December 31,
2009) or at migration. A 5% significance level was used in all
analyses including when testing for interactions.

Several sensitivity analyses were done to validate our primary
findings. First, we adjusted the main model for Charlson comor-
bidity index and socioeconomic status at baseline. Second, we
included any thyroid treatment (defined as a thyroid medication
prescription or a hospital diagnosis of thyroid disease) as a time-
dependent variable. Third, we adjusted for atrial fibrillation (AF)
at baseline and during follow-up by splitting the risk-time at the
date of AF diagnosis. Dichotomous variables were hereafter cre-
ated for the diagnosis of AF (current diagnosis or no diagnosis).
Fourth, we stratified on age groups below and above 65 years of
age and on gender. Fifth, we stratified on 3, 6,12, and 12 or more
months of follow-up by splitting the time in these respective
intervals. Sixth, we repeated all analyses using different values
for the upper reference limit of TSH (2.5, 4.2, and 4.5 mIU/L).

All statistical analyses were performed with the SAS Statisti-
cal Software package version 9.2 (SAS Institute Inc) and Stata
Software version 11 (StataCorp).
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Results

A total of 563 700 individuals without previously re-
corded thyroid disease was included at first-time thyroid
function testing from 2000 to 2009. Selection of the study
cohort is illustrated in Figure 1, and baseline characteris-
tics of the cohort are presented in Table 2. The study co-
hort comprised more females (61%) than males; the av-
erage age was 48.6 (=18.2) years, with females being 2
years younger. Men with subclinical hypo- and hyperthy-
roidism grade IT were slightly older than those with grade
I. The cohort had a low degree of comorbidity, and on
average the subjects with thyroid dysfunction were older
and more frequently women.

During a total follow-up time of 2 902 568 py [median
follow-up 5.5 y (interquartile range 2.53-7.56 y)], a total
of 47 327 subjects (8.4%) died (of these 93.0%, 4.0%,
and 3.0% were in the euthyroid, hyperthyroid, and hy-
pothyroid groups, respectively).

Hyperthyroid states: IRs and risk of MACE and
death

For all outcomes, the unadjusted IRs were increased for
subjects with hyperthyroidism (Table 3). Patients with
overt hyperthyroidism had the highest adjusted all-cause
mortality rates, ie, when estimating IRs corresponding to
subjects aged 65 years. Also, adjusted IRs of all-cause mor-
tality, MACE, and HF remained increased for subjects
with hyperthyroid states. For M1, stroke, and cancer, the
IRs were increased in these subjects, although these results
were not statistically significant.

Results from the Poisson regression analysis adjusted
for age, sex, and calendar year are illustrated in Figure 2.
For all-cause mortality, a trend for increased risk with
increasing degree of hyperthyroidism was observed, and
likewise the risk of MACE was uniformly elevated in sub-
clinical and overt hyperthyroidism. HF risk was signifi-
cantly elevated in subclinical hyperthyroidism, and no in-
creased risk of MI or stroke was found in either overt or
subclinical hyperthyroidism.

Results investigating risks according to the two levels of
subclinical hyperthyroidism are displayed in Table 3 and
Figure 2. For both levels of subclinical hyperthyroidism,
there was an increased risk of all-cause mortality, MACE,
and HF, respectively. However, for MACE the result was
not significant in patients with subclinical hyperthyroid-
ism grade II (TSH < 0.1 mIU/L). For cancer, no risk dif-
ference was found according to level of subclinical
hyperthyroidism.

Hypothyroid states: IRs and risk of MACE and
death

Overall, unadjusted IRs for all outcomes were higher in
the hypothyroid states compared with the euthyroid
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629,325 patients aged > 18 years at time of blood test were identified 2000-2009

\ 4

10,708 Were excluded owing to previous thyroid disease

8,457 Were excluded owing to previous levothyroxine treatment
673 Were excluded owing to previous thycapzol treatment

152 Were excluded owing to previous neomercazole treatment
121 Were excluded owing to previous PTU treatment

1,667 Were excluded owing to previous lithium treatment

370 Were excluded owing to previous amiodarone treatment
12,725 Were excluded owing to previous glucocorticoid treatment

N

\ 4

7,538 Were excluded owing to previous heart failure

5,045 Were excluded owing to previous myocardial infarction
1,554 Were excluded owing to previous stroke

15,286 Were excluded owing to previous cancer

39 Had ambiguous time of death
1,290 Had ambiguous blood test values

563,700 Patients included in analysis, contributing 2,902,568 person-years and mean follow-up time of 5 years

3,902
Overt
hyperthyroidism

5,979
Subclinical
hyperthyroidism

540,710
Euthyroid

11,560
Subclinical
hypothyroidism

1,549
Overt
hypothyroidism

Figure 1. Flow chart of study cohort selection. PTU, propylthiouracil.
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group, except for the incidence of cancer that was lower in
overt hypothyroidism (Table 3). Age-adjusted incidence
rates of all-cause mortality were lower in subclinical hy-
pothyroidism, whereas the rates of MIremained high after
age adjustment in both subclinical and overt hypothyroid-
ism. Age-adjusted cancer rates were lower in both sub-
clinical and overt hypothyroidism compared with the eu-
thyroid state.

A lower incidence of all-cause mortality was found in
subclinical hypothyroidism grade 1 (TSH 5.0-10.0
mlIU/L) and grade II (TSH > 10.0 mIU/L), respectively
(Table 3). An increased incidence of MI was found in sub-
clinical hypothyroid grade II (TSH > 10.0 mIU/L).

Poisson regression analysis showed a significantly
lower risk of all-cause mortality in subclinical hypothy-
roidism, as shown in Table 3 and Figure 2. Also, there was
an elevated risk of MIin the subclinical hypothyroid group
and a low risk of cancer in both subclinical and overt
hypothyroidism.

Results from the analysis of levels of subclinical hypo-
thyroidism showed that only those with grade I dysfunc-
tion (TSH 5.0-10.0 mIU/L) had a significantly lower risk
of all-cause mortality (Table 3 and Figure 2), but the risk
of MI was, on the other hand, elevated only in those with

grade I dysfunction (TSH > 10.0 mIU/L). Also, the lower
risk of cancer was found only in subclinical hypothyroid
grade T subjects.

Supplemental sensitivity analyses

Results from the sensitivity analyses of all the end
points are presented in Supplemental Tables 2-7. Adjust-
ing for the Charlson comorbidity index, socioeconomic
status, and any treatment during follow-up gave the same
overall results as the main model. Likewise, adjusting for
AF at baseline and during follow-up did not alter the over-
all findings.

The age- and gender-stratified analyses showed only a
reduced risk of all-cause mortality in subclinical hypothy-
roid subjects older than 65 years of age and in women. No
increased risk of all-cause mortality was found in overt
hyperthyroid individuals younger than 65 years of age,
and also in this age group, no increased risk of MACE
could be demonstrated; otherwise, the overall results were
the same. The analyses on 3, 6,12, and 12 or more months
of follow-up showed that overt hypo- and hyperthyroid
subjects had an increased risk of all-cause mortality in the
first 3 months after their first thyroid function test and that
the low risk in subclinical hypothyroid subjects was ob-
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Table 2. Baseline Characteristics
Subclinical Subclinical
Total Overt Hypothyroidism (n = 11 560) Hyperthyroidism (n = 5979) Overt
Population Hypothyroidism Euthyroidism Hyperthyroidism

(n =563700) (n = 1549) All Grade | Grade I (n =540710) Al Grade | Grade Il (n = 3902)
Mean age (£SD), y 48.6 (18.2) 53.1(18.2) 54.2 (18.6) 55.0(17.7) 54.0(18.8) 48.3(18.1) 60.7 (19.6) 60.4(19.1) 60.9 (19.8) 51.9(19.4)
Mean age, y, women (£SD)  47.7 (19.0) 52.8(18.5) 54.4(18.7) 54.2(18.9) 55.2(17.8) 47.3(18.9) 60.5(20.3) 60.3(20.1) 60.5(20.4) 51.6(19.8)
Mean age, y, men (=SD) 49.8 (16.8) 54.7 (16.9) 53.2(18.1) 52.9(18.3) 54.4(17.1) 49.7 (16.8) 61.4(16.8) 60.4(16.6) 62.4(17.0) 53.0(17.5)
Sex, n, %
Women 342 537 (61) 1264 (82) 9276 (80) 7221(79) 2055 (83) 324312 (60) 4577 (77) 1671 (71) 2906 (80) 3108 (80)
Men 221163 (39) 285 (18) 2284 (20) 1863 (21) 421 (17) 216 398 (40) 1402 (23) 685 (29) 717 (20) 794 (20)
Thyroid function
TSH, mIU/L (=SD) 1.86 (4.35) 63.63 (44.43) 9.27(7.25) 6.70(1.40) 18.72(11.17) 1.56 (0.84) 0.08 (0.06) 0.15(0.03)  0.04(0.03) 0.04(0.04)
Free T4, pmol/L (+SD) 15.98 (8.29) 6.27 (1.91) 13.1(2.17)  13.49(2.09) 11.72(1.87)  15.05(2.28) 16.9(2.59) 16.22(2.40) 17.34(2.62) 41.67(22.41)
Comorbidity, n, %
Peripheral vascular 1906 (0) 4(0) 28 (0) 24(0) 4(0) 1806 (0) 43(1) 14(1) 29 (1) 25(1)
disease
Ischemic heart disease 5295 (1) 8(1) 104 (1) 83(1) 21 (1) 5042 (1) 109 (2) 40 (2) 69 (2) 32(1)
COPD 2946 (1) 7 (0) 72(1) 53 (1) 19(1) 2756 (1) 74 (1) 35(1) 39(1) 37 (1)
Diabetes 4949 (1) 7 (0) 78 (1) 53 (1) 19 (1) 4728 (1) 96 (2) 35(1) 39(1) 40 (1)
Rheumatic disease 673 (0) 1(0) 20 (0) 18 (0) 2(0) 637 (0) 12 (0) 3(0) 9(0) 3(0)
Chronic renal failure 476 (0) 3(0) 16 (0) 15 (0) 1(0) 440 (0) 13(0) 7(0) 6 (0) 4(0)
Charlson comorbidity
index, n, %
0 543 672 (96) 1501 (97) 11173 (97) 8766 (96) 2407 (97) 521691 (96) 5,568 (93) 2,193 (93) 3375(93) 3739 (96)
1 15232 (3) 36(2) 286 (2) 230(3) 56 (2) 14 471 (3) 317 (5) 122 (5) 195 (5) 122 (3)
2 1857 (0) 8 (1) 45 (0) 35(0) 10 (0) 1741 (0) 46 (1) 22(1) 24.(1) 17 (0)
3+ 2939 (1) 4(0) 56 (0) 53 (1) 3(0) 2807 (1) 48 (1) 19 (1) 29 (1) 24(1)
Yearly family income
in quintiles, n, %
0 (lowest) 112740 20) 237 (15) 2115(18)  1735(19) 380 (15) 108327 (20) 1308 (22) 498 (21) 810 (22) 753 (19)
1 112 740 (20) 365 (24) 2773 (24) 2163 (24) 610 (25) 106 918 (20) 1712 (29)  675(29) 1,037 (29) 972 (25)
2 112 740 (20) 325(21) 2368 (20) 1834 (20) 534 (22) 108 028 (20) 1225(20) 479 (20) 746 (21) 794 (20)
3 112 739 (20) 330(21) 2187 (19) 1702 (19) 485 (20) 108 519 (20) 955 (16) 378 (16) 577 (16) 748 (19)
4 (highest) 112 741 (20) 292 (19) 2117 (18) 165 (18) 467 (19) 108 918 (20) 779 (13) 326 (14) 453 (13) 635 (16)

Abbreviation: COPD, chronic obstructive pulmonary disease.

served only after 12 or more months of follow-up. The
increased risk of MI found in subclinical hypothyroidism
was present only in the first 3 months of follow-up. Using
different values for the upper reference limit of TSH did
not significantly affect the estimates.

Discussion

In this study on a large cohort of subjects who had their
thyroid function evaluated in the primary care setting, we
found that both overt and subclinical hyperthyroidism
were associated with an increased risk of all-cause mor-
tality, MACE, and HF, respectively. Furthermore, HF was
the leading specific cause of increased cardiovascular mor-
tality found in subclinical hyperthyroidism. The risk of
M, stroke, and cancer was not influenced by subclinical
or overt hyperthyroidism. Subclinical hypothyroidism
grade I (TSH 5.0-10.0 mIU/L) was associated with an
overall lower mortality risk, and grade II (TSH > 10.0
mlIU/L) was associated with an increased risk of MI.

Hyperthyroid states

Subclinical and overt hyperthyroidism were associated
with 23% and 25% increased risk of all-cause mortality
and 9% and 16% increased risk of MACE, respectively.
This is, to our knowledge, the first time that risk has been

demonstrated in a large cohort of subjects in a primary
care setting, whereas previous studies mainly have com-
prised smaller cohorts and some of them with highly se-
lected subjects (22). Seven previous meta-analyses have
been identified and seem conflicting. Three meta-analyses
found no association between subclinical hyperthyroid-
ism and cardiovascular and all-cause mortality (2,23, 24).
In contrast, our results are essentially in agreement with
more recent meta-analyses that reported up to 41% and
20% increased risk of all-cause mortality in subclinical
and overt hyperthyroid subjects, respectively (1, 25, 26).
Likewise, a further and large meta-analysis of 17 cohorts
demonstrated the same increased risk, but a subgroup
analysis revealed that cardiovascular and all-cause mor-
tality was increased only in individuals with existing co-
morbidity (27). On this specific item, our analyses did not
agree because excluding individuals with known comor-
bidity did not change our results. However, we were not
able to demonstrate a clear dose-dependent relationship
with decreasing levels of TSH. Also, in the age-stratified
sensitivity analyses, the risk of all-cause mortality and
MACE was mainly found in individuals older than 65
years of age, although a significantly increased risk of
all-cause mortality was demonstrated in subclinical hy-
perthyroid individuals younger than 65 years. The latter
finding should be interpreted with care because itis a suba-
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Table 3. Rates and IRRs of All-Cause Mortality, MACE, MI, HF, Stroke, and Cancer

Total Events Time at Risk Incidence Rate Adjusted Incidence IRR
(n) (n) (1000 py) (n/1000 py) Rate (n/1000 py) (95% CI)
All-cause mortality
Overt hyperthyroidism 3902 528 22.0 24.0 15.5 1.25(1.15-1.36)
Subclinical hyperthyroidism 5979 1352 314 43.1 15.3 1.23(1.16-1.30)
Grade | 2356 514 12.4 41.4 15.2 1.22(1.12-1.33)
Grade |l 3623 838 19.0 44 1 15.4 1.23(1.15-1.32)
Euthyroidism (referent) 540710 44032 27275 16.1 12.4 1.00 (referent)
Subclinical hypothyroidism 11 560 1246 58.8 21.2 11.4 0.92 (0.87-0.97)
Grade | 9084 980 46.0 21.3 1.4 0.92 (0.86-0.98)
Grade |l 2476 266 12.8 20.8 11.3 0.91 (0.81-1.03)
Overt hypothyroidism 1549 169 8.3 20.4 12.4 0.99 (0.86-1.16)
MACE
Overt hyperthyroidism 3902 402 21.5 18.7 15.1 1.16 (1.05-1.27)
Subclinical hyperthyroidism 5979 942 30.5 30.9 14.3 1.09 (1.02-1.16)
Grade | 2356 373 12.0 31.0 14.6 1.12(1.01-1.24)
Grade |l 3623 569 18.5 30.8 14.1 1.07 (0.99-1.16)
Euthyroidism (referent) 540710 38606 2677.4 14.4 13.1 1.00 (referent)
Subclinical hypothyroidism 11 560 1099 57.4 19.2 13.1 0.99 (0.94-1.06)
Grade | 9084 863 45.0 19.2 13.1 0.99 (0.93-1.06)
Grade |l 2476 236 12.4 19.0 13.1 1.00(0.88-1.14)
Overt hypothyroidism 1549 137 8.1 16.9 12.7 0.96 (0.82-1.14)
Ml
Overt hyperthyroidism 3902 86 219 3.9 3.3 1.03(0.83-1.27)
Subclinical hyperthyroidism 5979 202 31.1 6.5 3.3 1.02 (0.89-1.18)
Grade | 2356 89 12.3 7.3 3.6 1.13(0.92-1.39)
Grade |l 3623 13 18.8 6.0 3.1 0.95(0.79-1.15)
Euthyroidism (referent) 540710 10417 2709.3 3.8 3.3 1.00 (referent)
Subclinical hypothyroidism 11 560 297 58.3 5.1 3.7 1.13(1.01-1.27)
Grade | 9084 223 45.6 49 3.5 1.08 (0.95-1.24)
Grade |l 2476 74 12.7 5.8 4.3 1.33(1.06-1.67)
Overt hypothyroidism 1549 41 8.2 5.0 3.9 1.21(0.89-1.65)
HF
Overt hyperthyroidism 3902 192 21.7 8.9 6.5 1.14 (0.99-1.32)
Subclinical hyperthyroidism 5979 505 30.6 16.5 6.8 1.20(1.10-1.31)
Grade | 2356 197 12.1 16.3 6.8 1.20(1.04-1.38)
Grade |l 3623 308 18.5 16.6 6.8 1.20(1.07-1.34)
Euthyroidism (referent) 540710 18908 2695.9 7.0 5.7 1.00 (referent)
Subclinical hypothyroidism 11 560 558 57.9 9.6 5.9 1.03(0.94-1.12)
Grade | 9084 435 453 9.6 5.9 1.02 (0.93-1.12)
Grade |l 2476 123 12.6 9.8 6.1 1.07 (0.89-1.27)
Overt hypothyroidism 1549 69 8.2 8.5 5.8 1.01(0.8-1.28)
Stroke
Overt hyperthyroidism 3902 177 21.6 8.2 7.3 1.04 (0.89-1.20)
Subclinical hyperthyroidism 5979 419 30.8 13.6 7.2 1.02 (0.93-1.12)
Grade | 2356 168 12.1 13.8 7.4 1.06 (0.91-1.23)
Grade |l 3623 251 18.6 135 7.0 1.00 (0.88-1.13)
Euthyroidism (referent) 540710 18867 2694.3 7.0 7.1 1 .00 (referent)
Subclinical hypothyroidism 11 560 515 57.9 8.9 6.7 .94 (0.86-1.03)
Grade | 9084 399 453 8.8 6.6 O 93 (0.84-1.02)
Grade |l 2476 116 12.5 9.2 7.0 0.99 (0.83-1.19)
Overt hypothyroidism 1549 59 8.2 7.2 6.0 0.85 (0.66-1.10)
Cancer
Overt hyperthyroidism 3902 356 21.5 16.6 17.9 1.03(0.93-1.15)
Subclinical hyperthyroidism 5979 742 30.2 24.5 17.5 1.02 (0.95-1.10)
Grade | 2356 300 12.0 25.1 18.0 1.05(0.94-1.17)
Grade |l 3623 442 18.3 24.2 17.1 1.00(0.91-1.10)
Euthyroidism (referent) 540710 40118 2662.1 15.1 17.6 1.00 (referent)
Subclinical hypothyroidism 11 560 979 57.2 171 16.0 0.91 (0.85-0.97)
Grade | 9084 772 447 17.3 16.1 0.91 (0.85-0.98)
Grade |l 2476 207 12.5 16.6 15.5 0.88 (0.77-1.01)
Overt hypothyroidism 1549 108 8.1 13.3 13.4 0.77 (0.63-0.92)

Risk estimates are adjusted for sex, age, and calendar year. Age-adjusted incidence rates are adjusted to an age of 65 years.

220z ¥snbny. 0z uo3sanb Aq - G0.2€5¢/22€2/2/66/21911E/Wddl/ui00:dno-olwaped.//:sdiy Wwoly papeojumog



2378 Selmer et al Thyroid Dysfunction and Mortality

J Clin Endocrinol Metab, July 2014, 99(7):2372-2382

All-cause MACE Myocardial Infarction
Overt hyperthyroidism = —— —f—
Subclinical hyperthyroidism - =i 1 ——
Gradel A —— —— ——
Grade Il (na! o —et—1
Euthyroidism (Ref.)
Subclinical hypothyroidism ke HH ——
Gradel - [ag o gl H-—
Grade Il i —— —_—
Overt hypothyroidism —— —— e
Heart Failure Stroke Cancer
Overt hyperthyroidism —— —ro—1 He—
Subclinical hyperthyroidism - —— ! He—
Gradel f—a— f—e—1 fe—l
Grade Il —— —— ——
Euthyroidism (Ref.)
Subclinical hypothyroidism He— e [ag|
Gradel H— [ o
Grade Il —— —a— —— ]
Overt hypothyroidism —— —— ——o
5 1 15 2 1 15 2 5 1 15 2

Incidence Rate Ratios (IRR

Figure 2. Incidence rate ratios of all-cause mortality, MACEs, M, heart failure, stroke, and cancer in overt and subclinical thyroid dysfunction

adjusted for age, sex, and calendar year.

nalysis, and the question whether individuals younger
than 65 years of age have an increased risk remains open,
also in view of previous findings (28).

Notably, HF risk was increased by 20% in subjects
with subclinical hyperthyroidism and 14% in overt hy-
perthyroid states. Similar results were found in all levels
of subclinical hyperthyroidism. Our estimates were
slightly lower than reported in a meta-analysis by
Genceretal (29), who found a 46 % increased risk of HF
in subclinical hyperthyroidism and also an increased
risk of HF in the subclinical hypothyroid subjects. How-
ever, this meta-analysis included only six studies, rais-
ing the risk of selection bias, and it is unclear whether
the included studies were confounded by the use of ami-
odarone (30).

Hyperthyroidism has been associated with a range of
conditions such as AF (31), increased cardiac output,
and increased left ventricular mass that could contrib-
ute to an excess cardiovascular mortality and HF in this
group (32, 33). Also, increased cell turnover and radio-
iodine treatment as well as genetic factors have been
speculated to contribute to the increased mortality in
hyperthyroid states (34). However, in this study, HF
appeared to be the only cause-specific cardiovascular
event that could explain the clear association between
the hyperthyroid states and MACE, even after adjusting
for AF at baseline and during follow-up. This novel
finding is in accordance with current evidence from the
Nord-Trendelag Health Study from Norway that found
an increased mortality from CHD but no increased risk
of MI (35) and with a recent large cohort study from

Sweden that excluded hyperthyroidism as an indepen-
dent risk factor for stroke (36).

Hypothyroid states

Hypothyroidism is a disease that has been associated
with a number of known risk factors for early death
such as dyslipidemia, diastolic hypertension, athero-
sclerosis, decreased heart rate variability, and increased
risk of MI (37). Interestingly, we found reduced all-
cause mortality in subclinical hypothyroidism with no
increase in MACE, but a slightly elevated risk of MI in
those with subclinical hypothyroidism grade IT (TSH >
10 mIU/L). The protective effect of subclinical hypo-
thyroidism could be found only in subjects older than 65
years in the sensitivity analysis, possibly due to few
events in the younger population. Likewise, the in-
creased risk of MI was found only in the first 3 months
of follow-up in the sensitivity analysis and thus could be
due to selection bias. Isolated increased risk of CHD for
those with high TSH has previously been reported (38),
whereas others found no association (6, 39), and some
found an increased risks of both CHD and all-cause
mortality (40,41). A large meta-analysis of 11 prospec-
tive cohorts also found no overall association between
subclinical hypothyroidism and all-cause mortality and
cardiovascular events. However, individuals with TSH
greater than 10 mIU/L did have an increased risk of
cardiovascular events (38).

Reduced mortality in subclinical hypothyroidism has
previously been reported (10, 42), and recently Boelaert
et al (43) even found reduced mortality among hyper-
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thyroid patients with radioiodine-induced hypothy-
roidism compared with radioiodine treatment not re-
sulting in hypothyroidism. Subclinical hypothyroidism
has been associated with lower risk of both AF and bone
fractures, and beneficial effects of this condition in cer-
tain individuals are therefore possible (31, 44).

In overt hypothyroid patients, we found no effect on
all-cause mortality or cardiovascular events, which is in
line with a recent meta-review (3). However, we found
a decreased risk of cancer, which was also observed in
the subjects with subclinical hypothyroidism, and in
line with this finding, it has been suggested that hypo-
thyroidism could delay the onset of cancer (45). Indeed,
a low incidence of breast cancer in women and prostate
cancer in men has previously been reported among hy-
pothyroid subjects (46, 47).

International guidelines recommend considering
treatment of subclinical hypothyroidism when TSH
greater than 10 mIU/L (except in the oldest individuals)
and a more individually tailored approach to patients
with a TSH less than 10 mIU/L (48, 49). Therefore, a
large number of patients with subclinical hypothyroid-
ism may experience spontaneous normalization of
TSH values without treatment or periods with un-
treated low thyroid function, which again can influence
the examined study end point. Other such subjects
might progress to more severe hypothyroidism with the
associated potential adverse effects if left untreated
(50). This could also explain that the elevated risk of MI
was significant only in the individuals with subclinical
hypothyroidism grade IT and the reduced all-cause mor-
tality and cancer risk only in those with grade I
dysfunction.

Strengths and limitations

This study’s main strength is the large sample size
including a cohort of subjects from primary care who
had thyroid function testing performed and that com-
plete follow-up data were available. The total popula-
tion in the capital region of Denmark comprised 1.17
million individuals in 2009, and we had access to thy-
roid function tests from approximately half of these
individuals. Furthermore, although the current study
was not a population prevalence study, the distribution
of thyroid dysfunction in the cohort was comparable
with the findings of the National Health and Nutrition
Examination Survey Study (51). This indicates that the
distribution of thyroid dysfunction in the cohort is
probably representative. The slightly higher number of
overt hyperthyroid subjects compared with the overt
hypothyroid patients in our cohort could be due to the
iodine fortification program in Denmark (52).

jcem.endojournals.org 2379

We categorized patients based on the results of their
first thyroid function testing and did not take into ac-
count the possibility that subjects could have had non-
specific changes in TSH due to, eg, nonthyroid illness.
However, in the sensitivity analyses (Supplementary
Tables 2-7) in which we stratified on follow-up and
adjusted for any thyroid-related treatment during fol-
low-up (defined as hospital diagnosis of thyroid disease
or prescription of thyroid medication), the overall find-
ings were similar. To examine the possibility of mis-
classification, we assessed the subsequent thyroid treat-
ment of subjects included at baseline (Supplemental
Figure 1). This analysis showed that only a small per-
centage of patients were misclassified based on the base-
line evaluation of thyroid function.

Ofthe 540 710 euthyroid individuals in the reference
population, it is possible that some might have had low
T; syndrome (normal TSH and T, but isolated low T5)
due to concomitant, nonthyroid illness, which is known
to be associated with increased morbidity and mortality
(53). Having these individuals in the reference popula-
tion could potentially bias our results against the null
hypothesis. However, low T syndrome has primarily
been described in severely ill, typically hospitalized pa-
tients, whereas our cohort comprised solely individuals
from primary care. Furthermore, adjusting for impor-
tant comorbidities using the Charlson comorbidity in-
dex did not change our overall findings.

In our main analyses, we used an upper reference
limit of TSH of 5.0 mIU/L because the Copenhagen
General Practitioners Laboratory used this during the
period of 2000-2009. Lower cutoff limits for TSH have
since been recommended, ranging from 2.5 to 4.5
mlIU/L (54-56). Therefore, we performed additional
analyses using 2.5, 4.2, and 4.5 mIU/L, respectively, as
the upper cutoff limits of TSH, but we did not find any
change in the overall results.

In observational studies one should not draw direct
conclusions on causal relationships. Importantly, we
had no knowledge of the reasons for thyroid function
testing in each subject. Thus, we cannot exclude that the
results were influenced by selection bias, ie, that the
selection of subjects for thyroid function testing by
the physician could in itself be associated with the out-
comes of interest. Also, we did not have access to a
number of important clinical parameters, eg, informa-
tion on body weight, blood pressure, serum lipid, glu-
cose levels, echocardiographic or electrocardiographic
findings, thyroid autoantibody levels, smoking status,
or the specific cause of thyroid dysfunction. With regard
to the latter, previous studies have found that the spe-
cific cause of thyroid dysfunction (nodular or autoim-
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mune disease) could have an impact on the cause-specific
mortality found in hyperthyroidism (57). However, this re-
mains an open question.

Smoking has previously been associated with an in-
creased risk of hyperthyroidism, protection against hy-
pothyroidism, and lower levels of TSH, respectively
(58, 59). However, if smoking was an important con-
founder in the hyperthyroid patients, an increased risk
of MI, stroke, and cancer would be expected in these
groups, which was not the case. Also, adjustment for
socioeconomic status (a recognized proxy for smoking
status) and the Charlson comorbidity index that in-
cludes chronic obstructive pulmonary disease did not
alter the overall results.

The Danish population comprises mainly Cauca-
sians, and extrapolation of the results to other ethnic
groups should be done with care. Likewise, because the
study included individuals in the primary care setting,
extrapolation of our results to patients from in- or out-
patient clinics also should be performed with caution.
Furthermore, it should be acknowledged that the study
has a relatively short mean follow-up period of 5.5 years
and that some of the outcomes studied might occur only
after longer periods of thyroid dysfunction.

Conclusion

In a large cohort of subjects from primary care, we
found an increased risk of all-cause mortality and
MACE in both subclinical and overt hyperthyroidism,
with HF being the leading specific cause of MACE. Sub-
clinical hypothyroidism grade I (TSH 5-10 mIU/L)
seemed to be associated with a decreased risk of all-
cause mortality. These findings support increased
awareness of the importance of subclinical thyroid dys-
function in clinical practice and underline the increased
risk of cardiovascular events in hyperthyroid patients,
together with the potential health benefits of subclinical
hypothyroidism with discrete TSH elevation.
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