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CARDIOVASCULAR DISEASES

(CVDs) are the most com-
mon cause of mortality, pri-
marily affecting older adults.

Heart disease causes nearly 700 000
deaths annually in the United States.1

Although established risk factors ex-
plain most cardiac risks,2 significant at-
tention has been focused on alterna-
tive biochemical markers to assist in
identifying those at risk of a clinical car-
diac event.3 Previous studies have sug-
gested that abnormal levels of thyroid-
stimulating hormone (TSH) may
represent a novel cardiac risk factor.4-8

Thyroid hormone excess and defi-
ciency are common,9,10 as well as readily
diagnosed and treated. Even mildly al-
tered thyroid status reportedly affects
serum cholesterol levels,11 heart
rhythm12 and rate,13 ventricular func-
tion,14,15 risk of coronary artery dis-
ease,4,8,16 and cardiovascular mortal-
ity.5 However, the relationship between
abnormal thyroid function and cardio-
vascular outcomes remains unclear, as
prior studies reporting a relationship in-
cluded individuals with overt thyroid
disease when categorizing subclinical
thyroid disease12; included individu-
als taking thyroid hormone8,17; inad-
equately adjusted for important con-
founders or initiation of thyroid

Author Affiliations: Division of Endocrinology, Dia-
betes, and Metabolism, Department of Medicine, and
Division of Epidemiology, Center for Clinical Epide-
miology and Biostatistics, University of Pennsylvania
School of Medicine, Philadelphia (Dr Cappola); Divi-
sion of Geriatric Medicine and Gerontology and Cen-
ter on Aging and Health, Johns Hopkins Medical In-
stitutions, Baltimore, Md (Dr Fried); Department of
Biostatistics, University of Washington, Seattle (Dr Ar-
nold); Outcomes Insights Inc, Newbury Park, Calif (Dr
Danese); Department of Epidemiology, University of
Pittsburgh Graduate School of Public Health,

Pittsburgh, Pa (Dr Kuller); Department of Public Health
Sciences, Wake Forest University School of Medi-
cine, Winston-Salem, NC (Dr Burke); Departments of
Pathology and Biochemistry, University of Vermont,
Burlington (Dr Tracy); and Division of Endocrinology
and Metabolism, Department of Medicine, Johns Hop-
kins University School of Medicine, Baltimore, Md (Dr
Ladenson).
Corresponding Author: Anne R. Cappola, MD, ScM,
University of Pennsylvania School of Medicine, 718
Blockley Hall, 423 Guardian Dr, Philadelphia, PA
19104-6021 (acappola@cceb.med.upenn.edu).

Context Previous studies have suggested that subclinical abnormalities in thyroid-
stimulating hormone levels are associated with detrimental effects on the cardiovas-
cular system.

Objective To determine the relationship between baseline thyroid status and inci-
dent atrial fibrillation, incident cardiovascular disease, and mortality in older men and
women not taking thyroid medication.

Design, Setting, and Participants A total of 3233 US community-dwelling indi-
viduals aged 65 years or older with baseline serum thyroid-stimulating hormone lev-
els were enrolled in 1989-1990 in the Cardiovascular Health Study, a large, prospec-
tive cohort study.

Main Outcome Measures Incident atrial fibrillation, coronary heart disease, cere-
brovascular disease, cardiovascular death, and all-cause death assessed through June
2002. Analyses are reported for 4 groups defined according to thyroid function test
results: subclinical hyperthyroidism, euthyroidism, subclinical hypothyroidism, and overt
hypothyroidism.

Results Individuals with overt thyrotoxicosis (n = 4) were excluded because of small
numbers. Eighty-two percent of participants (n = 2639) had normal thyroid function,
15% (n = 496) had subclinical hypothyroidism, 1.6% (n = 51) had overt hypothyroid-
ism, and 1.5% (n = 47) had subclinical hyperthyroidism. After exclusion of those with
prevalent atrial fibrillation, individuals with subclinical hyperthyroidism had a greater
incidence of atrial fibrillation compared with those with normal thyroid function (67
events vs 31 events per 1000 person-years; adjusted hazard ratio, 1.98; 95% confi-
dence interval, 1.29-3.03). No differences were seen between the subclinical hyper-
thyroidism group and euthyroidism group for incident coronary heart disease, cere-
brovascular disease, cardiovascular death, or all-cause death. Likewise, there were no
differences between the subclinical hypothyroidism or overt hypothyroidism groups
and the euthyroidism group for cardiovascular outcomes or mortality. Specifically,
individuals with subclinical hypothyroidism had an adjusted hazard ratio of 1.07
(95% confidence interval, 0.90-1.28) for incident coronary heart disease.

Conclusion Our data show an association between subclinical hyperthyroidism and
development of atrial fibrillation but do not support the hypothesis that unrecognized
subclinical hyperthyroidism or subclinical hypothyroidism is associated with other car-
diovascular disorders or mortality.
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hormone therapy4,5,8,17; or used poorly
characterized cardiovascular end
points.4 Furthermore, no clinical trials
have been performed to examine
whether correction of thyroid dysfunc-
tion results in improvement of cardio-
vascular outcomes. This lack of experi-
mental evaluation has resulted in
continued controversy, as detailed in
recommendations by both an expert
panel and the US Preventive Services
Task Force.18,19

Using data from a large cohort
study representative of community-
dwelling individuals aged 65 years or
older, we have tested the hypothesis
that abnormal thyroid status is associ-
ated with increased cardiovascular risk
and mortality in individuals with un-
recognized thyroid dysfunction.

METHODS
Study Population

These analyses are based on data in the
Cardiovascular Health Study (CHS).20

The CHS is a population-based, longi-
tudinal study of risk factors for the de-
velopment of CVD in 5888 adults aged
65 years or older. Enrollment of an
original cohort of 5201 adults oc-
curred between May 1989 and June
1990, and an additional cohort of 687,
predominantly African Americans, was
enrolled in 1992-1993. Eligible indi-
viduals were identified from an age- and
sex-stratified random sample of the
Medicare eligibility rosters in 4 US com-
munities: Washington County, Mary-
land; Pittsburgh (Allegheny County),
Pennsylvania; Sacramento County,
California; and Forsyth County, North
Carolina. To be eligible, individuals had
to be noninstitutionalized; expecting to
remain in the area for the following 3
years; not in active treatment for can-
cer; not wheelchair-bound in the home;
not requiring a proxy respondent at en-
try; and capable of providing consent.
Household members of the sampled in-
dividual were recruited, if eligible. The
institutional review boards of all 4 sites
and the coordinating center at the Uni-
versity of Washington in Seattle ap-
proved the study. All participants gave
written informed consent.

At the initial visit, a detailed medical
history (including medication his-
tory), physical examination, and health
status assessment that included any evi-
dence of vascular disease were per-
formed. Blood was drawn after a 12-
hour fast and serum was frozen in −70°C
freezers for future investigations.

Thyroid Hormone Analyses

Thyroid function tests were per-
formed at the Nuclear Medicine In Vitro
Laboratory of the Johns Hopkins Hos-
pital (Baltimore, Md) from 1991
through 1993 in a subsample of indi-
viduals from the original cohort,
selected according to availability of
stored serum for analysis. Serum TSH
concentration was measured using a
chemiluminescent immunometric assay
(LumaTag hTSH, Nichols Institute, San
Juan Capistrano, Calif ) with a func-
tional sensitivity of 0.008 mU/L. Of the
3699 samples tested, there was suffi-
cient serum for analysis in 3678 (99%).
Free thyroxine (FT4) concentrations
were measured in individuals with
serum TSH levels of less than 0.10 mU/L
or more than 4.50 mU/L for the 95% of
samples with sufficient serum for this
additional test, which was performed
with a direct monoclonal antibody assay
(Amerlex-MAB, Amersham Interna-
tional, Amersham, England) with a
normal range of 0.7 to 1.7 ng/dL
(9-22 pmol/L).

Participants from the CHS in whom
thyroid function testing was per-
formed were more likely to be female
than those in the untested group. The
mean ages of the tested and untested
groups were not different, nor were
there differences in race, income, thy-
roid medication use, or prevalent CVD.

Classification by Thyroid Status

Study participants were classified into
1 of the following 5 groups based on
their thyroid function tests:

1. Overt thyrotoxicosis was de-
fined as a TSH concentration of less
than 0.10 mU/L with an elevated FT4

level (n=2).
2. Subclinical hyperthyroidism was

defined as a TSH concentration of 0.10-

0.44 mU/L (n=40) or less than 0.10
mU/L with a normal FT4 concentra-
tion (n=7).

3. Euthyroidism was defined as a
normal TSH concentration (0.45-4.50
mU/L) (n=2639).

4. Subclinical hypothyroidism was
defined as a TSH concentration of more
than 4.50 mU/L and less than 20 mU/L
with a normal FT4 concentration
(n=496).

5. Overt hypothyroidism was de-
fined as a TSH level of 20 mU/L or more
(n=33) or a TSH concentration of more
than 4.50 mU/L with an FT4 concen-
tration level below normal (�0.7 ng/dL
[�9 pmol/L]) (n=18).

Because our primary study question
pertained to unrecognized thyroid
function testing abnormalit ies,
participants taking thyroid hormone
preparations at baseline were ex-
cluded from the above categorization
(n=339), as were individuals taking
other medications that could affect
thyroid testing, including antithyroid
drugs and corticosteroids (n=78). No
patients were taking amiodarone at
the baseline examination. One partici-
pant whose test result suggested non-
thyroidal illness (low TSH and low
FT4 levels) was excluded. Those with
definite (n=2) or possible (n=2) overt
thyrotoxicosis were also excluded
based on the small number in this
category.

Ascertainment of Events

The events studied were atrial fibrilla-
tion, coronary heart disease, cerebro-
vascular disease, and death (cardiovas-
cular and all-cause). Atrial fibrillation
at baseline was self-reported or deter-
mined with a 12-lead resting electro-
cardiogram (ECG) or Holter monitor.
Incident atrial fibrillation was deter-
mined from self-report, annual ECG, or
International Classification of Diseases,
Ninth Revision hospital discharge
codes 427.3, 427.31, or 427.32. Coro-
nary heart disease was defined by the
occurrence of angina, myocardial in-
farction, coronary angioplasty, or coro-
nary artery bypass graft surgery. Cere-
brovascular disease was defined as

THYROID STATUS, CARDIOVASCULAR RISK, AND MORTALITY IN OLDER ADULTS

1034 JAMA, March 1, 2006—Vol 295, No. 9 (Reprinted) ©2006 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/24/2022



a cerebrovascular accident or a tran-
sient ischemic attack. Subclinical CVD,
which has been shown to be an inde-
pendent predictor of CVD in the CHS
population,21 was defined as any 1 of
the following: ankle-arm index of 0.9
or less, common or internal carotid wall
thickness of more than the 80th per-
centile, carotid stenosis greater than
25%, major ECG abnormalities, Rose
questionnaire claudication- or angina-
positive, or abnormal ejection frac-
tion or wall motion on echocardio-
gram in the absence of clinical CVD.
Cardiovascular deaths were defined as
those due to atherosclerosis (includ-
ing peripheral vascular disease), coro-
nary heart disease, cerebrovascular
events, and other cardiovascular causes.

Participants were contacted semian-
nually regarding hospitalizations or new
occurrences of cardiovascular events.
The full details of the surveillance and
ascertainment of events in the CHS have
been published previously.22 Provi-
sional diagnoses of coronary heart dis-
ease and cerebrovascular disease were
reviewed and adjudicated at periodic
meetings of the study’s morbidity and
mortality subcommittee, including in-
vestigators from each field center and
the coordinating center. All outcomes
were adjudicated except atrial fibrilla-
tion. Information about deaths was ob-
tained from reviews of medical re-
cords, death certificates, autopsy
reports, and coroners’ reports. Ascer-
tainment of mortality in the CHS was
100%. The incident events in this re-
port occurred after baseline and through
June 30, 2002, with a mean duration
of follow-up of 12.5 years.

Assessment of Covariates

Thyroid and lipid-lowering medica-
tion use was assessed annually via medi-
cation bottle examination. Informa-
tion on race was collected in the CHS
to examine racial differences in CVD
risk. Race was self-described as white,
black, American Indian/Alaskan native,
Asian/Pacific Islander, or other after
reviewing a card that displayed these
options. Fasting total cholesterol, high-
density lipoprotein cholesterol, and tri-

glycerides were measured directly and
standardized according to Centers for
Disease Control and Prevention guide-
lines, with low-density lipoprotein cho-
lesterol calculated according to the
Friedewald equation.23 Hypertension
was defined as systolic blood pressure
of 140 mm Hg or more, diastolic blood
pressure of 90 mm Hg or more, or self-
report of hypertension and antihyper-
tensive medication use. Diabetes was
defined as a fasting glucose level of 126
mg/dL (7.0 mmol/L) or more or use of
insulin or an oral hypoglycemic medi-
cation. Impaired fasting glucose was
defined as a fasting glucose level of 100
mg/dL (5.6 mmol/L) or more. C-reac-
tive protein was measured using an
enzyme-linked immunosorbent assay
(CHSBloodLaboratory,Colchester,Vt).

Statistical Analysis

Study participants’ baseline character-
istics were summarized according to
thyroid status and compared with those
in the euthyroidism group using a t test
or �2 test as appropriate. Incidence rates
of cardiovascular and total mortality
and first occurrence of coronary heart
disease or cerebrovascular disease were
calculated by dividing the total num-
ber of each event by person-years at risk
among participants without clinical
CVD or atrial fibrillation at baseline. In-
cidence rates of atrial fibrillation were
calculated similarly, excluding only par-
ticipants with atrial fibrillation at base-
line from the risk set. Kaplan-Meier
analysis was used to study the cumu-
lative incidence of atrial fibrillation,
cerebrovascular disease, coronary heart
disease, and mortality by thyroid sta-
tus across the 13 years of follow-up.

Multivariable Cox regression mod-
els were used to estimate the hazard ra-
tio (HR) of each thyroid status group
compared with the euthyroidism group,
adjusting for other baseline risk factors
or potential confounders and thyroid
medication use during follow-up. Par-
ticipants who died or were lost to fol-
low-up before having an event were cen-
sored at the date of death or last contact.
Both incident and recurrent coronary
heart disease and cerebrovascular events

were considered, but only incident atrial
fibrillation was modeled. Models were
originally stratified by CVD status at
baseline and by sex. Results were con-
sistent across strata and, when com-
bined, statistical tests for interactions be-
tween thyroid status group and sex or
between thyroid status group and base-
line CVD were not significant. Final
models included men and women and
participants with and without CVD at
baseline. Models were done in stages, ad-
justing first for age, sex, disease status
at baseline, and thyroid medication use
during follow-up as a time-dependent
covariate. For atrial fibrillation, the sec-
ond and final stage of analysis added
black race, left atrial size, systolic blood
pressure, fasting glucose level, valvular
disease history, and diuretics or �-ad-
renergic blocking agent use, factors that
have previously been shown to predict
atrial fibrillation in CHS.24 For other out-
comes, a second adjustment stage added
black race, smoking status (never,
former, or current), and diabetes. Car-
diovascular risk factors that could have
been mediated via thyroid dysfunction
were added in the final adjustment stage,
and included low-density lipoprotein
cholesterol, lipid-lowering medica-
tions, hypertension, body mass index,
and C-reactive protein. Results from the
second and final models were com-
pared to assess for overadjustment in
the final model. Separate models that in-
corporated thyroid hormone use as a
time-dependent covariate and that
censored at the time of thyroid hor-
mone use were examined, with similar
results; the model incorporating the
time-dependent covariate is shown. All
analyses were conducted using SPSS for
Windows, version 13 (SPSS Inc, Chi-
cago, Ill) and STATA, version 9 (Stata
Corp, College Station, Tex), and P�.05
was considered statistically significant
for all analyses.

RESULTS
Baseline Characteristics

At study entry, 2639 individuals (82%)
had euthyroidism. Subclinical hypothy-
roidismhad thehighestprevalenceof any
thyroid testing abnormality (n=496;
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15%), with fewer participants display-
ing results consistent with overt hypo-
thyroidism (n=51; 1.6%) or subclinical
hyperthyroidism (n=47; 1.5%). Ages
were similar across all thyroid status cat-
egories in these elderly participants, with
a mean age of 72.7 years (TABLE 1).
Women were more likely to have sub-
clinical thyroid dysfunction than men,
achieving statistical significance for the
comparison between the subclinical hy-
pothyroidism and euthyroidism groups.

Examination of cardiovascular risk
factors showed that study participants
with subclinical hyperthyroidism had
a higher body mass index than those
with normal thyroid function, along
with higher fasting insulin levels and
a non–statistically significant higher
prevalence of hypertension. Among
those not using lipid-lowering medi-
cations, serum total low-density lipo-
protein and total cholesterol levels were
lowest in the subclinical hyperthyroid-

ism group and highest in the overt hy-
pothyroidism group; furthermore, those
with undetected overt hypothyroid-
ism used lipid-lowering medication the
most. However, lipid levels did not dif-
fer between the subclinical hypothy-
roidism and euthyroidism groups, and
those with subclinical hypothyroid-
ism had a slightly lower rate of lipid-
lowering medication use.

Prevalent CVD by Thyroid Status

There was no difference in atrial fibril-
lation, coronary heart disease, cerebro-
vascular disease, or subclinical CVD at
baseline between the euthyroidism
group and any of the 3 thyroid dys-
function groups (TABLE 2).

Thyroid Medication Use
During the Study

Thyroid medication use was available
throughout follow-up. Seven partici-
pants in the subclinical hyperthy-

Table 1. Baseline Characteristics by Thyroid Status in the Cardiovascular Health Study*

Characteristics
Total

(N = 3233)

Subclinical
Hyperthyroidism

(n = 47)
Euthyroidism

(n = 2639)

Subclinical
Hypothyroidism

(n = 496)
Hypothyroidism

(n = 51)

TSH, mU/L 3.27 (4.26) 0.25 (0.13) 2.20 (0.99) 6.67 (2.54) 28.1 (15.7)

Free thyroxine, ng/dL 1.26 (0.24) 0.99 (0.16) 0.63 (0.19)

Age, y 72.7 (5.6) 73.9 (6.8) 72.6 (5.6) 73.2 (5.6)† 73.1 (6.0)

Female, No. (%) 1926 (59.6) 32 (68.1) 1543 (58.5) 321 (64.7)† 30 (58.8)

White race, No. (%) 3064 (94.8) 45 (95.7) 2495 (94.5) 476 (96.0) 48 (94.1)

BMI 26.2 (4.4) 27.5 (5.4)† 26.2 (4.4) 26.4 (4.8) 27.0 (4.5)

Current or former smoking, No. (%) 1661 (51.4) 25 (53.2) 1377 (52.2) 235 (47.5) 24 (47.1)

Cholesterol, mg/dL
Total 215 (39) 203 (41)† 215 (38) 214 (41) 228 (54)†

LDL 133 (35) 121 (30)† 133 (35) 132 (36) 148 (53)†

HDL 54 (16) 52 (16) 55 (16) 54 (16) 53 (13)

Lipid-lowering medication, No. (%) 166 (5.1) 2 (4.3) 141 (5.3) 15 (3.0)† 8 (15.7)†

Hypertension, No. (%) 1823 (56.6) 32 (68.1) 1496 (56.9) 266 (53.7) 29 (56.9)

Glucose status, No. (%)
Normal 1590 (49.2) 25 (53.2) 1274 (48.3) 262 (52.8) 29 (56.9)

IFG 1188 (36.9) 11 (23.4) 1002 (38.0) 161 (32.5) 14 (27.5)

Diabetes 454 (14.0) 11 (23.4) 362 (13.7) 73 (14.7) 8 (15.7)

Fasting glucose, mg/dL 109 (33) 111 (39) 109 (33) 108 (32) 109 (30)

Fasting insulin, IU/mL‡ 13.3 (24) 16.1 (79)† 13.3 (24) 13.4 (16) 12.8 (9)

Estrogen use (women only), No. (%) 227 (11.8) 4 (12.5) 182 (11.8) 40 (12.5) 1 (3.3)

CRP, mg/L‡ 1.80 (6.3) 2.15 (7.8) 1.77 (5.8) 1.92 (7.1) 2.10 (15.9)

Lp(a), mg/dL‡ 31.1 (57) 27.6 (50) 31.0 (51) 31.0 (82) 37.1 (56)
Abbreviations: BMI, body mass index, defined as weight in kilograms divided by the square of height in meters; CRP, C-reactive protein; HDL, high-density lipoprotein; IFG, impaired

fasting glucose; LDL, low-density lipoprotein; Lp(a), lipoprotein(a); TSH, thyroid-stimulating hormone.
SI conversions: To convert free thyroxine to pmol/L, multiply by 12.87; LDL, HDL, and total cholesterol to mmol/L, multiply by 0.0259; and glucose to mmol/L, multiply by 0.0555.
*See “Methods” section of text for thyroid category definitions. Data are presented as mean (SD) unless otherwise indicated.
†P�.05 for comparison with euthyroidism category.
‡Geometric mean.

Table 2. Prevalence of Cardiovascular Diseases by Thyroid Status*

Prevalent
Cardiovascular Diseases

Subclinical
Hyperthyroidism

(n = 47)
Euthyroidism

(n = 2639)

Subclinical
Hypothyroidism

(n = 496)
Hypothyroidism

(n = 51)

Atrial fibrillation 4 (8.5) 137 (5.2) 24 (4.8) 2 (3.9)

Coronary heart disease 11 (23.4) 489 (18.5) 98 (19.8) 12 (23.5)

Cerebrovascular disease 2 (4.3) 154 (5.8) 25 (5.0) 4 (7.8)

Subclinical cardiovascular
disease†

17 (36.2) 949 (36.0) 184 (38.1) 14 (27.5)

*See “Methods” section of text for thyroid category definitions. All data are expressed as No. (%).
†Without clinical cardiovascular disease.
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roidism group started thyroid hor-
mone therapy during the follow-up
period, 91 in the euthyroidism
group, 142 in the subclinical hypo-
thyroidism group, and 31 in the
hypothyroidism group. Because of
the potential effect of thyroid hor-
mone initiation on subsequent car-
diovascular risk, thyroid hormone
medication use was included in all
adjusted analyses.

Incident Atrial Fibrillation
by Thyroid Status
After excluding those with prevalent
atrial fibrillation, individuals with
subclinical hyperthyroidism had a
greater incidence of atrial fibrillation
over the 13-year follow-up than
the euthyroidism group, with 67 vs
31 events per 1000 person-years
(P�.001) (FIGURE and TABLE 3).
This effect persisted after sequential

adjustment for other risk factors for
atrial f ibri l lat ion. As shown in
Table 3, after adjustment for age, sex,
clinical CVD at baseline, subsequent
thyroid medication use, and other
known risk factors for atrial fibrilla-
tion, participants with subclinical
hyperthyroidism had nearly twice the
risk of developing atrial fibrillation
(HR, 1.98; 95% confidence interval
[CI], 1.29-3.03).

Figure. Cumulative Incidence of Atrial Fibrillation, Coronary Heart Disease, Cerebrovascular Disease, and Death From All Causes Over 13
Years of Follow-up, by Thyroid Status

No. at Risk
Subclinical Hyperthyroidism
Euthyroidism
Subclinical Hypothyroidism
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P�.001 for comparison of atrial fibrillation incidence between subclinical hyperthyroidism and euthyroidism groups; P=.02 for comparison of mortality between sub-
clinical hyperthyroidism and euthyroidism groups. All other comparisons are not statistically significant.
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We subsequently repeated these
analyses, limiting it to those with a TSH
level of 0.1 to 0.44 mU/L (n=40). The
incidence rate in this subgroup was 59
per 1000 person-years (P=.007 com-
pared with the euthyroidism group). Af-
ter adjustment for age, sex, baseline
clinical cardiovascular disease, and thy-
roid hormone use during follow-up, the
HR was 1.85 (95% CI, 1.14-3.00).

Incident and Recurrent
Cardiovascular Events
by Thyroid Status

There were no differences in the inci-
dence of coronary heart disease, cere-

brovascular disease, cardiovascular
death, or all-cause death between the
euthyroidism and subclinical or overt
hypothyroidism groups (Figure and
TABLE 4). There was a statistically sig-
nificant increase in mortality in the
subclinical hyperthyroidism group
(58.1 vs 34.2 events per 1000 person-
years; P = .02), which disappeared
after adjustment for age and sex
(P=.29). We subsequently evaluated
the relationship between each thyroid
status group and each cardiovascular
outcome using various modeling
strategies in adjusted analyses. No
thyroid category was statistically sig-

nificantly different from the euthy-
roidism category; thus, only our crude
and final models are displayed in
TABLE 5. After adjustment, those with
subclinical hypothyroidism had an
HR of 1.07 (95% CI, 0.90-1.28) for
coronary heart disease. All-cause
death was not increased in subclinical
hyperthyroidism (HR, 1.08; 95% CI,
0.72-1.62) or subclinical hypothy-
roidism (HR, 1.14; 95% CI, 0.98-
1.32). Estimates for each of the covar-
iates included in the final model for
coronary heart disease validate in-
creased risk associated with age,
male sex, diabetes, low-density lipo-
protein cholesterol level, hyperten-
sion, C-reactive protein level, and
baseline CVD in our study popula-
tion, while showing no appreciable
increase in risk from any of the thy-
roid categories.

COMMENT
We report an independent association
of subclinical hyperthyroidism with in-
cident atrial fibrillation but not with
other clinical cardiovascular condi-
tions or mortality in a large, population-
based cohort designed to examine car-
diovascular risk factors in men and
women aged 65 years or older. We also
found no relationship between sub-
clinical hypothyroidism or overt hypo-
thyroidism and prevalent or incident
atherosclerotic disease, cardiovascu-
lar mortality, or all-cause mortality,
though relationships between tradi-
tional cardiovascular risk factors and
CVD were confirmed in our models.

Prevalence of Endogenous
Thyroid Dysfunction

Excluding those taking thyroid hor-
mone preparations, the prevalence of
subclinical hyperthyroidism in our co-
hort was 1.5%, a percentage that is
lower than in 2 published reports on
older people.12,25 The prevalence of
subclinical hypothyroidism was 15%,
which is comparable with estimates
from several community-based co-
horts26-28 and somewhat higher than
others.4,25,29-31 The discrepancies seen in
these prevalence rates likely reflect dif-

Table 3. Incidence of Atrial Fibrillation in Participants Without Atrial Fibrillation at Baseline,
by Thyroid Status*

Subclinical
Hyperthyroidism Euthyroidism

Subclinical
Hypothyroidism Hypothyroidism

No. at risk 43 2502 472 49

No. of events 22 703 142 11

Incidence (95% CI) per
1000 person-years

67.0 (44-102)† 31.0 (28.8-33.4) 33.6 (28.5-39.6) 25.2 (13.9-45.5)

Hazard ratio (95% CI)
Model 1‡ 2.18 (1.42-3.33) 1.0 1.11 (0.92-1.34) 0.88 (0.48-1.63)

Model 2§ 1.98 (1.29-3.03) 1.0 1.13 (0.94-1.36) 0.96 (0.52-1.79)
Abbreviation: CI, confidence interval.
*See “Methods” section of text for thyroid category definitions.
†P�.001 for comparison with euthyroidism category; P = .001 after adjustment for age and sex.
‡Model 1 is adjusted for age, sex, clinical cardiovascular disease at baseline, and thyroid medication use during

follow-up.
§Model 2 is adjusted for the covariates listed for model 1 plus left atrial size, systolic blood pressure, fasting glucose,

history of valvular disease, and use of diuretics or �-blockers.

Table 4. Incidence of Cardiovascular Events and Mortality in Participants Without
Cardiovascular Disease at Baseline, by Thyroid Status*

Subclinical
Hyperthyroidism Euthyroidism

Subclinical
Hypothyroidism Hypothyroidism

No. at risk 31 1838 347 30

Coronary heart disease
No. of events 10 462 85 9

Incidence (95% CI) per
1000 person-years

37.4 (20.1-69.5) 25.9 (23.6-28.3) 25.1 (20.3-31.1) 32.0 (16.6-61.5)

Cerebrovascular disease
No. of events 4 261 50 5

Incidence (95% CI) per
1000 person-years

14.4 (5.4-38.3) 13.8 (12.2-15.6) 14.1 (10.7-18.6) 15.6 (6.5-37.4)

Death due to cardiovascular
causes

No. of deaths 6 228 47 5

Incidence (95% CI)
per 1000
person-years

20.5 (9.2-45.6) 11.5 (10.1-13.1) 12.7 (9.5-16.9) 15.3 (6.4-36.8)

Death due to all causes
No. of deaths 17 678 138 14

Incidence (95% CI) per
1000 person-years

58.1 (36.1-93.4)† 34.2 (31.8-36.9) 37.2 (31.5-43.9) 42.9 (25.4-72.5)

Abbreviation: CI, confidence interval.
*See “Methods” section of text for thyroid category definitions.
†P = .02 for comparison with euthyroidism category; P = .29 after adjustment for age and sex.
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ferences in definitions of subclinical
thyroid disease and the health status of
participants among the cohorts.

Subclinical Hyperthyroidism

Our findings of increased risk of atrial
fibrillation concur with a cross-
sectional study32 and with prospective
results from the Framingham Heart
Study, in which individuals with TSH
values of 0.1 mU/L or less who were not
receiving thyroid hormone therapy had
an adjusted relative risk of 3.8 (95% CI,
1.7-8.3) for developing atrial fibrilla-
tion and those with TSH values be-
tween 0.1 mU/L and 0.4 mU/L had an
adjusted relative risk of 1.6 (95% CI, 1.0-
2.5).12 Individuals with elevated thyrox-
ine levels, indicating overt hyperthy-
roidism, were included in their category
of TSH values of less than 0.1 mU/L,
which could have led to an overesti-
mate of the effect of subclinical hyper-
thyroidism. Our results clearly show a
relationship between low TSH levels and
atrial fibrillation incidence in older in-
dividuals with endogenous subclinical
hyperthyroidism, including those with
TSH levels of 0.1 mU/L to 0.44 mU/L.

We found no relationship between
subclinical hyperthyroidism and ath-
erosclerotic CVD, cardiovascular mor-
tality, or all-cause mortality between
those with subclinical hyperthyroid-
ism and euthyroidism. In contrast, Parle
et al5 reported a higher cardiovascular
mortality rate in those with TSH levels
of less than 0.5 mU/L in comparison
with the remainder of their cohort and
the mortality rate from circulatory dis-
ease in England and Wales. However,
their analyses are limited by a less rig-
orous definition of subclinical hyper-
thyroidism, so that those with other
causes of low TSH level may have been
included in their low TSH category and,
by minimal adjustment for other covar-
iates, associated with cardiovascular
mortality, excepting age and sex.

Subclinical Hypothyroidism

We found no association between sub-
clinical hypothyroidism and athero-
sclerotic disease, either prevalent or in-
cident. Multiple prior studies have

examined the relationship of subclini-
cal hypothyroidism and CVD. They
have shown subclinical hypothyroid-
ism to either increase4,6,8 or have no
effect5,17,33 on CVD risk, though 1 has
shown decreased cardiovascular and
all-cause mortality,34 and each has had
serious design limitations not present
in our study, fueling the controversy
rather than providing evidence to
resolve it.

Cross-sectional associations be-
tween subclinical hypothyroidism and
CVD4,6,8 have held up longitudinally in
only 1 study, the Busselton Health
Study.8 Although the Busselton Health
Study has 20 years of follow-up, data
were not collected specifically on thy-
roid hormone therapy; cardiovascular
events were collected by record link-
age rather than prospective follow-up
and adjudication; and low-density li-
poprotein cholesterol concentrations
were not available for adjusted analy-
ses. Interestingly, the separation in CVD
risk between the subclinical hypothy-
roidism and euthyroidism groups did
not occur until 10 years of follow-up.
Our study suggests an increase in all-
cause mortality in the subclinical hy-
pothyroidism group at 10 years, which
is not paralleled in the atrial fibrilla-
tion, coronary heart disease, and cere-
brovascular disease curves, which are
nearly indistinguishable from the eu-
thyroidism group over the entire study

follow-up. The late increase in all-
cause mortality either reflects an in-
crease in noncardiovascular causes or
is simply due to chance.

Other studies that have shown no as-
sociation between subclinical hypothy-
roidism and cardiovascular risk have
been questioned because of shorter fol-
low-up5,17 or inclusion of individuals
who subsequently initiated thyroid hor-
mone therapy, which theoretically
could have attenuated their cardiovas-
cular risk.33 During the course of our
study, 27% of those in the subclinical
hypothyroidism group initiated thy-
roid hormone therapy. We saw no evi-
dence of an effect on cardiovascular
risk, and our thyroid hormone therapy
covariate was not statistically signifi-
cant for any of the outcomes studied,
suggesting that thyroid hormone ini-
tiation has no effect on cardiovascular
risk.

Thyroid Status and
Atherosclerotic Risk Factors

Our results suggest a dose-response
effect between TSH and serum total cho-
lesterol levels, with the lowest levels of
cholesterol present in those with sub-
clinical hyperthyroidism and the high-
est in those with overt hypothyroid-
ism, a previously reported effect.31,35 In
our cohort, individuals with hypothy-
roidism had the highest levels of serum
total and low-density lipoprotein cho-

Table 5. Hazard Ratios for Events and Death by Thyroid Status*

Subclinical
Hyperthyroidism

(n = 47)
Euthyroidism

(n = 2639)

Subclinical
Hypothyroidism

(n = 496)
Hypothyroidism

(n = 51)

Coronary heart disease
Model 1 1.18 (0.74-1.88) 1.0 1.04 (0.87-1.23) 0.97 (0.59-1.59)

Model 2 1.04 (0.64-1.69) 1.0 1.07 (0.90-1.28) 0.93 (0.57-1.53)

Cerebrovascular disease
Model 1 0.82 (0.39-1.73) 1.0 0.99 (0.78-1.26) 0.87 (0.42-1.78)

Model 2 0.70 (0.31-1.57) 1.0 1.01 (0.79-1.29) 0.86 (0.42-1.76)

Death due to vascular causes
Model 1 1.02 (0.53-1.98) 1.0 1.14 (0.91-1.43) 0.88 (0.44-1.73)

Model 2 0.94 (0.49-1.83) 1.0 1.16 (0.92-1.46) 0.97 (0.49-1.92)

Death due to all causes
Model 1 1.13 (0.76-1.70) 1.0 1.10 (0.95-1.27) 1.26 (0.84-1.89)

Model 2 1.08 (0.72-1.62) 1.0 1.14 (0.98-1.32) 1.43 (0.95-2.14)
*All data are presented as hazard ratio (95% confidence interval). See “Methods” section of text for thyroid category defi-

nitions. Model 1 is adjusted for age, sex, clinical cardiovascular disease at baseline, atrial fibrillation at baseline, and thy-
roid medication use during follow-up. Model 2 is additionally adjusted for race, smoking status, diabetes, low-density
lipoprotein cholesterol, use of lipid-lowering medications, hypertension, body mass index, and C-reactive protein.
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lesterol and took lipid-lowering medi-
cations at 3 times the rate of the euthy-
roidism population. This finding
highlights the need to investigate
secondary causes of hypercholester-
olemia before initiation of lipid-
lowering medications, as recom-
mended by the National Cholesterol
Education Program.36

Earlier observational studies exam-
ining the relationship between sub-
clinical hypothyroidism and choles-
terol levels yielded conflicting results.37

In our study, serum cholesterol con-
centrations were similar between indi-
viduals with normal thyroid function
and with untreated subclinical hypo-
thyroidism. Similarly, there were no dif-
ferences in lipoprotein(a), C-reactive
protein, or fasting insulin and glucose
concentrations between those with nor-
mal thyroid function and subclinical hy-
pothyroidism.

Strengths and Weaknesses

A major strength of our study is the use
of a large, population-based cohort of
older men and women, designed to ex-
amine cardiovascular risk factors, with
an average of 12.5 years of follow-up
data for events. The prevalent and in-
cident disease assignments were made
using objective information collected
during examination and review of hos-
pital and physicians’ records.20 Labo-
ratory assays were performed without
knowledge of CVD status. Further-
more, we excluded individuals taking
thyroid medication or with other con-
ditions that could affect thyroid func-
tion testing at baseline, and we incor-
porated thyroid medication use over
time as a time-dependent covariate to
examine risk of endogenous thyroid
dysfunction.

We performed analyses using mul-
tiple models: stratified by sex and preva-
lent CVD, adjusting for incident thy-
roid hormone use in several ways
(none, censoring at the time of thy-
roid hormone initiation, or used as a
time-dependent covariate), and adjust-
ing for cardiovascular risk factors in a
stepwise manner to avoid overadjust-
ment. We showed an independent effect

of subclinical hyperthyroidism on in-
cident atrial fibrillation and of tradi-
tional cardiovascular risk factors on in-
cident CVD. The presence of these
positive findings and the thorough-
ness of our modeling strategies sug-
gest that it is unlikely that we failed to
detect a cardiovascular risk factor of
consequence in the remainder of our
analyses. Post hoc calculations showed
adequate power to detect meaningful
differences between the subclinical hy-
pothyroidism and euthyroidism groups
for each outcome; specifically, our study
had adequate power to detect an HR of
1.30 or higher for coronary heart dis-
ease and an HR of 1.26 or higher for all-
cause death.

We are limited in looking at thyroid
function testingabnormalities toa single
point in time. Thus, we are unable to
comment on the relationship between
persistent thyroid abnormalities and
CVD and mortality. In addition, the
number of individuals with subclini-
cal hyperthyroidism or overt hypothy-
roidism is small in our study, limiting
our power to detect an effect of either
of these types of thyroid dysfunction on
CVD outcomes or mortality.

Clinical Implications

Thyroid testing abnormalities are quite
common in older women and men
without known thyroid dysfunction.
While the US Preventive Services Task
Force and an expert panel do not rec-
ommend generalized screening for thy-
roid disease,18,38 the American College
of Physicians currently advises screen-
ing women older than 50 years for un-
suspected but symptomatic thyroid dis-
ease,39 and the American Thyroid
Association recommends screening
adults every 5 years beginning at age 35
years.40 Our analyses do not support
screening older individuals solely to
prevent atrial fibrillation, with an esti-
mated number needed to screen of 2500
older individuals to find 1 case of atrial
fibrillation associated with subclinical
hyperthyroidism. Our findings sug-
gest that if endogenous subclinical hy-
perthyroidism is detected, older indi-
viduals may benefit from treatment to

prevent atrial fibrillation. An expert
panel has recommended consider-
ation of treatment for those with en-
dogenous subclinical hyperthyroid-
ism and TSH levels below 0.1 mU/L,
with insufficient evidence to treat those
with TSH levels between 0.1 mU/L and
0.45 mU/L.18 Our data support treat-
ment of all older individuals with sub-
clinical hyperthyroidism, even those
with mild decreases in TSH level
(0.1-0.44 mU/L). Our analyses do not
support screening older individuals
for thyroid disease to prevent CVD,
and, although our data are observa-
tional, they do not support treatment
of individuals with subclinical hypo-
thyroidism to prevent cardiovascular
events.
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