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Context: Subclinical hypothyroidism (SCH) has been associated with an increased risk for cardio-
vascular disease. However, few studies have specifically examined the association between SCH and
myocardial infarction (MI), and the relationship is poorly understood.

Objectives: The purpose of this study was to evaluate incident MI risk in relation to SCH and
severities of SCH among postmenopausal women.

Methods: We used a population-based nested case-cohort design within the Women’s Health
Initiative observational study to examine the association between SCH and incident first-time MI
risk among postmenopausal women in the United States. SCH was assessed using blood specimens
collected at baseline. Participants presenting with normal free T4 levels and with thyrotropin levels
of greater than 4.68–6.99 mU/L or 7.00 mU/L or greater were defined as having mild SCH or
moderate/severe SCH, respectively. MI cases were centrally adjudicated by trained Women’s Health
Initiative staff. The primary analysis included 736 incident MI cases and 2927 randomly selected
subcohort members. Multivariable adjusted Cox-proportional hazard models were used to assess
MI risk in relation to SCH.

Results: Compared with euthyroid participants, the multivariable adjusted hazard ratio (HR) for
participants with any SCH was 1.05 [95% confidence interval (CI) 0.77–1.44]. HRs for participants
with mild SCH, moderate/severe SCH, and moderate/severe SCH and the presence of antithyroid
peroxidase antibodies (TPOAb) were 0.99 (95% CI 0.67–1.46), 1.19 (95% CI 0.72–1.96), and 0.90
(95% CI 0.47–1.74), respectively.

Conclusion: We did not find evidence to suggest that SCH is associated with increased MI risk
among a population of predominantly older postmenopausal women with no prior history of MI.
(J Clin Endocrinol Metab 98: 2308–2317, 2013)
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Diminished thyroid function is more common among
women and with advancing age (1, 2). Diagnosis of

overt hypothyroidism is based on decreased free T4 (fT4)
levels and increased TSH. Laboratory testing also identi-
fies individuals with elevated TSH and normal thyroid
hormone levels who may or may not be symptomatic.
Although fT4 levels are within the population reference
range in these individuals, TSH elevation suggests the fT4
concentration is not normal for them (3). This circum-
stance, presumed to lie along the continuum of decreased
thyroid function, has been termed subclinical or mild hy-
pothyroidism (SCH) and can be further subclassified by
the presence of antithyroid peroxidase antibodies
(TPOAb). High TSH and high TPOAb levels are so
strongly predictive of overt disease that this subgroup has
been described as having impending overt disease (4). Five
percent to 20% of postmenopausal women fall into this
category, with prevalence increasing in each decade of age,
compared with 1%–3% who have overt hypothyroidism
(5–8).

SCH is of special interest in the context of cardiac dis-
ease. Like overt hypothyroidism, SCH has been associated
with increased risk for heart failure (9–12) and athero-
sclerotic disease (13, 14). Studies suggest increased risk of
incident coronary heart disease (CHD) events (15, 16) and
deaths (15, 17) in relation to SCH but not consistently
(18–21). These studies are informative, but comparison
between studies is often difficult because of the broadly
defined outcome statuses including CHD, ischemic heart
disease (IHD), and cardiovascular disease. Definitions for
these outcomes are overlapping yet not always consistent.
Although composite outcomes may provide greater sta-
tistical efficiency, a key assumption is that it applies equal
weight and importance to all of its component events, an
assumption that is not always justified for mechanisms
leading to each outcome. Against the backdrop of the US
Preventative Services Task Force judgment that there was
insufficient evidence to support screening for thyroid dis-
ease, we focused on examining noncomposite putative tar-
gets such as myocardial infarction (MI) or ischemic stroke,
the leading causes of death in women to generate evidence
for or against the screening of thyroid disease.

The relationship between SCH and MI as a noncom-
posite outcome has been reported by only 1 large cross-
sectional study (22) and 3 follow-up studies with incon-
clusive results (8, 9, 23). In this study we examined the
association between SCH and subsequent risk for MI in a
large prospective cohort of postmenopausal women. Spe-
cifically our objective was to determine whether SCH at
baseline is independently associated with risk for incident
MI in the 7 years after enrollment in the Women’s Health
Initiative Observational Study (WHI-OS).

Materials and Methods

Study population
Participants were part of the WHI-OS enrolled at 40 clinical

centers across the United States (24). Enrollment occurred be-
tween October 1993 and December 1998 and included 93 676
women who had a minimum of 5 years of follow-up at the time
the data were prepared for this ancillary analysis. Inclusion cri-
teria for this study were postmenopausal status, age 50–79 years
at screening for enrollment, anticipated residence in the local
study area for at least 3 years, and available baseline serum in the
specimen bank. Exclusion criteria were a self-reported history of
current or prior thyroid disease, the use of medications with a
potential to alter TSH or fT4 levels (thyroid medications, ami-
odarone, oral corticosteroids, dopamine, lithium, immuno-
modulators and immunosuppressive agents, hydantoins, and
carbamazepine), a history of MI, a history of coronary artery
bypass grafting or carotid endarterectomy, unknown race/eth-
nicity, and no outcome forms after baseline.

MI cases
During follow-up, MI ascertainment was conducted every 12

months. All diagnoses were adjudicated by trained WHI staff,
which had no knowledge of participants’ thyroid status. MI was
diagnosed using an algorithm and adjudication process that in-
cluded clinical data, electrocardiogram readings, and cardiac en-
zymes; the methods have been fully described (25). All incident-
fatal and nonfatal MIs reported as of December 15, 2004, were
selected as potential cases for this study and subject to the base-
line criteria described above. During the follow-up period, there
were 1684 MIs; Figure 1 illustrates the step down in available
cases based on each inclusion/exclusion criterion, resulting in
803 available and eligible cases. At the approval of this ancillary
analysis, we had permission to use 800 MI case specimens; 3
cases were chosen by random sample for exclusion. We further
excluded participants who had negative follow-up time (n � 7)
and participants whose laboratory measures of thyroid hor-
mones could not be determined (n � 45) or whose laboratory
results indicated the presence of overt thyroid disease (n � 2) or
subclinical hyperthyroidism (n � 10).

Cohort sampling
The inclusion/exclusion criteria were applied to the full co-

hort to generate a sampling frame for the subcohort portion of
this case-cohort study (Figure 1). We had permission to use spec-
imens from 3200 cohort members from the 65 517 who were
potentially eligible. This subcohort was designed to serve as a
comparison group for 2 analyses: 1) the present analysis assess-
ing SCH and MI risk and 2) another assessing SCH and stroke
risk. For the subcohort, we used random sampling within age
strata (5 year brackets), race, and recruitment location to den-
sity-match to the distribution of the 800 MI cases and 750 stroke
cases. As with cases, we excluded observations whose laboratory
measures were unavailable (n � 217) or indicated overt thyroid
disease (n � 13) or subclinical hyperthyroidism (n � 43). Our
primary analysis included 736 and 2927 observations in the case
group and subcohort, respectively.

Thyroid hormone measurement
Fasting blood specimens were collected at baseline, aliquoted,

and stored frozen at �70°C at the WHI central repository. Spec-

doi: 10.1210/jc.2012-4065 jcem.endojournals.org 2309

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/98/6/2308/2537018 by guest on 20 August 2022



imens were shipped on dry ice and stored at �20°C before anal-
ysis. Laboratory personnel conducting the assays were blind to
participant characteristics. We used a highly specific, third-gen-
eration immunometric assay with a chemiluminescent detection
on a Vitros ECI analyzer (Ortho Diagnostics, North Raritan,
New Jersey) to measure TSH. The assay had a sensitivity to 0.01
mU/L with a TSH analytic range from 0.01 to 100.00 mU/L. The
controls (BioRad Laboratories, Hercules, California) were as-
sayed across the range of clinical laboratory quality-control con-
centrations every 24 hours.

Specimens with TSH not within the reference range (0.46–
4.68 mU/L) were tested for fT4 and TPOAb. fT4 was measured
by a competitive immunoassay using direct chemiluminescent
detection on the Bayer ADVIA Centaur analyzer (Tarrytown,
New York). The analytical measurement range for the fT4 assay
is 0.1–12.0 ng/dL and the adult reference range is 0.70–1.85
ng/dL. Two levels of controls (BioRad Laboratories) were as-
sayed every 24 hours. TPOAb was measured using a solid-phase,
sequential chemiluminescent immunometric assay on the Immu-
lite 2000 analyzer (Diagnostic Products Corp, Los Angeles, Cal-
ifornia). The analytical reportable range for the TPOAb assay is
10–1000 IU/mL. Specimens with concentrations above 1000
IU/mL were diluted and repeated. The adult reference range is
less than 35 IU/mL. Controls (BioRad Laboratories) were as-
sayed every 24 hours. Specimens were analyzed between March
2005 and December 2006. Between-batch coefficients of vari-

ance were less than 6.3%, less than 8%,
and less than 9.5% for TSH, fT4, and
TPOAb measurements, respectively. Across
each of the 3 types of assays, 5% of the
specimens received were processed as
blind duplicates and results returned to
the WHI Laboratory Working Group.
All met quality control criteria.

Statistical analysis
Population characteristics were com-

paredbythyroidstatus (euthyroidvsSCH)
measuredatbaselineusinga t testoraFish-
er’s exact test as applicable. We aimed to
obtain an unbiased estimate of the main
effects of SCH on MI. We used weighted
cox proportional hazard models to assess
themarginal influenceofSCHalone,apar-
simoniousmodel toaccount forconfound-
ing variables, and a fully adjusted model to
account for additional risk factors for MI.
Briefly, the sampling strategy of a case-co-
hort design allows cases to be included in
the subcohort portion of the study popu-
lation. Because of the nonindependent
score contributions that result from such
strategies, the design requires the use of a
pseudolikelihood method, specifically a
weighted cox-regression model, instead of
a partial-likelihood function as done with
a regular Cox regression model. Further-
more, the correlation between the non-
independentscorecontributionsneedtobe
accounted for in estimating the variance.

We utilized the weighting method pro-
posed by Barlow et al (26) and a jack-knife

variance estimation strategy (26, 27) because these have been
shown to produce reliable results for case-cohort analyses. For all
analyses, euthyroid served as the reference. Candidate covariates
for the full-model were selected a priori and included age, race/
ethnicity, WHI site, years since menopause, gravidity, parity, hy-
pertension, current diabetes, hormone therapy, smoking history,
alcohol consumption, and body mass index. The parsimonious
model comparing SCH with euthyroid was developed using di-
rectedacyclicgraphs to includeonlyknownorsuspectedconfound-
ers in the relation between SCH and MI. These included age, race/
ethnicity, gravidity, smoking status, hormone therapy, and alcohol
consumption. Causal intermediates were not included in the par-
simonious model. All additional models retain the same covariates.
WecomparedMIrisk stratifiedbyseverityofSCH:mildSCH(TSH
4.69–6.99 mU/L), moderate/severe SCH (TSH � 7.00 mU/L) and
moderate/severe SCH with the presence of TPOAb, all compared
with euthyroid women. Hazard ratios (HRs) were similar whether
we used the full (additional adjustment for MI risk factors and
causal intermediates) or parsimonious models; we present the re-
sults of the latter. The proportional hazards assumption in all mod-
els was tested by including an interaction term with time for SCH
variables; no statistically significant violations of assumptions were
noted (P � .55). The likelihood ratio test was used to formally test
for interaction between the 6 retained covariates and SCH in rela-
tion to MI.

WHI-OS Par�cipants
N = 93,676

Total MI Cases
N = 1684

Total Cohort 
Members
N = 93,676

Exclusions: 
------------------------------Blood Sample unavailable------------------------------
---------History of medica�on use that modify thyroid measures---------
--------------------------------History of MI or Stroke--------------------------------

N
266
458
119

N
2,693

24,629
119--------------------------------History of MI or Stroke--------------------------------

-------------------History of CABG/caro�d endarterectomy--------------------
--------------------------Race/Ethnicity data incomplete--------------------------
-------------------------Did not par�cipate a�er baseline-------------------------

119
33
5
0

119
60

278
380

Eligible Cases
N = 803

Eligible Cohort
N = 65,517

RandomRandom
selec�on

Selected Cases
N = 800

Selected Cohort
N = 3,200

Exclusions: 
------------No lab measures-----------
--------Overt Thyroid Disease--------
---Sub-clinical Hyperthyroidism---

N i fl l i

N
45
2

10
7

N
217
13
43
0

Final case group
N = 736

Final cohort group
*N = 2,927

------Negative follow-up time-------7 0

Figure 1. Flow diagram representing the selection process for cases and representative cohort
from the Women’s Health Initiative Observational Study Participants. *, Includes 60 participants
who were chosen as cases and were again selected in the randomly chosen comparison cohort.
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In sensitivity analyses we limited our assessment to individ-
uals who did not have impending thyroid disease (TSH levels �
20 mU/L). Antihyperlipidemic medication use was used as a
proxy for baseline cholesterol and lipid levels because biomarker
information on these causal intermediates was unavailable.

Medication reviews were not conducted annually; therefore, to
censor those who reported clinically diagnosed or treated thyroid
disease, we constructed separate models using self-reported thy-
roid disease and medication status in the third year of follow-up.
Most analyses were done in STATA 12 (STATA Corp, College

Table 1. Distribution of Baseline Characteristics and Cardiovascular Risk Factors According to Baseline Thyroid
Function Status Among 3663 Postmenopausal Women From the Women’s Health Initiative Observational Study

Characteristics

Subclinical Hypothyroidism

P Valuea
Euthyroid
(n � 3381)

Any SCH
(n � 282)

Mild SCH
(n � 193)

Mod/Sev SCH
(n � 89)

Thyroid measures
Median TSH, mU/L (IQR) 1.91 (1.31–2.69) 5.85 (5.12–7.70) 5.38 (4.95–5.90) 9.14 (7.79–12.70)
Median fT4, ng/dL (IQR) — 0.98 (0.88–1.10) 1.02 (0.92–1.13) 0.92 (0.81–1.00)
TPOAb present, n (%) — 133 (47.2) 71 (36.8) 62 (69.3)

Age at baseline, y
50–64 1107 (32.8) 66 (23.4) 40 (20.7) 26 (29.2) �.001
65–70 999 (29.5) 78 (27.7) 55 (28.5) 23 (25.8)
71–79 1275 (37.7) 138 (48.9) 98 (50.8) 40 (44.9)

Race or ethnic group
White 2828 (83.8) 264 (94.0) 182 (94.8) 82 (92.1) �.001
Black 286 (8.5) 6 (2.1) 5 (2.6) 1 (1.1)
Hispanic 90 (2.7) 8 (2.8) 3 (1.6) 5 (5.6)
Asian or Pacific Islander 123 (3.7) 1 (0.4) 0 (0.0) 1 (1.1)
American Indian 21 (0.6) 0 (0.0) 0 (0.0) 0 (0.0)
Unknown 24 (0.7) 2 (0.7) 2 (1.0) 0 (0.0)

Smoking
None 1714 (51.5) 143 (51.6) 102 (53.7) 41 (47.1) .93
Prior 1408 (42.4) 119 (43.0) 81 (42.6) 38 (43.7)
Current 202 (6.1) 15 (5.4) 7 (3.7) 8 (9.2)

Diabetes
No 3150 (93.8) 265 (94.6) 179 (93.7) 86 (96.6) .70
Yes 207 (6.2) 15 (5.4) 12 (6.3) 3 (3.4)

Waist to hip ratio
�0.80 1581 (47.0) 142 (50.5) 101 (52.6) 41 (46.1) .35
�0.80–0.85 856 (25.5) 61 (21.7) 40 (20.8) 21 (23.6)
�0.85 924 (27.5) 78 (27.8) 51 (26.6) 27 (30.3)

Body mass index, kg/m2 .73
�25.00 1345 (40.2) 106 (37.9) 73 (37.8) 33 (37.9)
25.00 to � 30.00 1194 (35.7) 103 (36.8) 72 (37.3) 31 (35.6)
�30 806 (24.1) 71 (25.3) 48 (24.9) 23 (26.4)

Hormone therapy use
Never 1532 (45.4) 126 (44.7) 83 (43.0) 43 (48.3) .95
Past 580 (17.2) 50 (17.7) 38 (19.7) 12 (13.5)
Current 1264 (37.4) 106 (37.6) 72 (37.3) 34 (38.2)

Years from menopause, y
0–15 966 (31.6) 59 (22.2) 39 (21.2) 20 (24.4) .002
16–23 1087 (35.5) 99 (37.2) 69 (37.5) 30 (36.6)
24–26 1005 (32.9) 108 (40.6) 76 (41.3) 32 (39.0)

Hypertension
Never 1670 (49.6) 142 (50.4) 90 (46.6) 52 (57.8) .89
Past or controlled 698 (20.8) 55 (19.5) 42 (21.8) 13 (14.4)
Current 995 (29.6) 85 (30.1) 61 (31.6) 25 (27.8)

Antihyperlipidemic useb

No 2672 (96.6) 233 (98.3) 155 (98.7) 78 (97.5) .18
Yes 95 (3.4) 4 (1.7) 2 (1.3) 2 (2.5)

Abbreviations: IQR, interquartile range; Mod/Sev, moderate/severe. Mild is TSH 4.7 to 6.99 mU/L; moderate or severe is TSH 7.00 mU/L or greater;
—, data not collected.
a Comparison of euthyroid with all with subclinical hypothyroidism using a t test with unequal variance for continuous variables and Fisher’s exact
test for categorical variables.
b Antihyperlipidemic medication use is defined by the WHI-OS as use of bile sequestrants, fibric acid derivatives, intestinal cholesterol absorption
inhibitors, 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors, nicotinic acid derivatives, or combinations. Information at baseline was
missing for 614 observations and 45 observations for participants with normal thyroid and with any subclinical hypothyroidism, respectively.
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Station, Texas). Application of robust variance in Cox propor-
tional hazard models was done in SAS 9.3 (SAS Institute, Cary,
North Carolina). This study was reviewed and determined to be
exempt from further review by the Institutional Review Board at
the University of North Carolina, Chapel Hill.

Results

The study population of 3663 women had a mean age of
67.5 years at baseline, and the majority was white race/
ethnicity by self-report (85%). Eight percent (n �282) met
criteria for SCH. Among that group 193 (68%) had TSH
between 4.69 and 6.99 mU/L and were classified as mild
SCH; 89 women (32%) had TSH 7.00 mU/L or greater
and were classified as moderate/severe SCH; all had nor-
mal levels of fT4. In bivariate analysis, factors associated
with having SCH at baseline compared with being euthy-
roid included age at baseline, race/ethnicity (with white
participants more likely than others to have SCH), and
years from menopause, which maps closely with age
(Table 1).

The hazard ratio for incident MI in the average of seven
years after baseline for those with SCH compared with
those who were euthyroid was 1.14 (95% CI 0.84–1.55)
in unadjusted models and 1.05 (95% CI 0.87–1.44) in the
parsimoniously adjusted model (Table 2).

Stratification by severity of SCH (mild, grouping those
with moderate and severe SCH, and then those with mod-
erate and severe SCH as well as TPOAb�, all compared
with euthyroid) did not substantively change our findings
with multivariable-adjusted HRs of 0.99 (95% CI 0.67–
1.46), 1.19 (95% CI 0.72–1.96), and 0.90 (95% CI 0.47–

1.74), respectively (Table 2). The cumulative hazard
curves as estimated by the Nelson-Aalen method are
shown by strata of severity of SCH (Figure 2). We inves-
tigated the effect modification of the relationship between
SCH and MI by age, ethnicity, gravidity, smoking status,
hormone replacement, and alcohol consumption; we did
not identify any substantive interactions (Table 3).

To eliminate the potential effect of impending overt
thyroid disease on the association between SCH and MI,
we performed analyses by excluding individuals (n � 7)
who had TSH levels greater than 20 mU/L. HRs were
similar for those with any SCH 1.08 (95% CI 0.79–1.48)
or moderate/severe SCH 1.29 (95% CI 0.78–2.16), both
compared with euthyroid individuals. Data on thyroid
medication use at the 3-year visit were missing for 768
euthyroid women (22.72%), and 57 women with SCH
(20.21%) at baseline. A larger proportion of women with
SCH at baseline (17.38%) had initiated thyroid medica-
tion use at the 3-year visit compared with euthyroid
women (1.60%). Additionally, medication use increased
with increasing severity of SCH status at baseline: 13%,
25%, and 27% for women with mild SCH, moderate
SCH, and severe SCH, respectively. To examine the po-
tential influence of intercurrent diagnosis and treatment of
thyroid disease, we then restricted the analysis to only
women for whom we had complete 3-year follow-up re-
sponses about medication use and self-report of being told
they had a thyroid condition. Women who reported thy-
roid disease or use of thyroid medications during the
3-year follow-up visit were censored. The association re-
mained similar, with adjusted HRs of 1.02 (95% CI 0.76–
1.51) for any SCH, 0.96 (95% CI 0.68–1.79) for mild

Table 2. Myocardial Infarction Hazard Ratios (95% CI) in Relation to Any SCH, Severity of SCH, and Presence of
TPOAb Among Postmenopausal Women From the Women’s Health Initiative Observational Study

Thyroid Condition

Unadjusted Model Adjusted Model

n (Case/Cohort) HR (Unadjusted)a n (Case/Cohort) HR (Unadjusted)b HR (Adjusted)c

Euthyroid 677/2704 1.00 (Referent) 650/2926 1.00 (Referent) 1.00 (Ref)
SCHd 59/223 1.14 (0.84–1.55) 58/217 1.18 (0.87–1.60) 1.05 (0.77–1.44)
Milde 38/155 1.08 (0.74–1.56) 37/151 1.10 (0.75–1.60) 0.99 (0.67–1.46)
Moderate/Severef 21/68 1.28 (0.78–2.11) 21/66 1.35 (0.82–2.22) 1.19 (0.72–1.96)
Moderate/Severe and TPOAb�g 11/51 0.99 (0.51–1.92) 11/49 1.06 (0.55–2.04) 0.90 (0.47–1.74)

SCH is TSH 4.7 mU/L or greater; mild, TSH 4.7 to 6.99 mU/L; moderate/severe, TSH 7.00 mU/L or greater; and TPOAb�, anti-TPOAb are present.
a Sample size is based on entire sample until the respective follow-up time.
b Sample size is based on same observations used in the adjusted model.
c Adjusted for age (50–64 years, 65–70 years, and 71–79 years), ethnicity (white, black, Hispanic, Asian/Pacific Islander, American Indian, or
other), gravidity (never pregnant, 1, 2–4, or 5�), smoking status (never, prior, or current), hormone therapy (never, prior, or current), and alcohol
consumption (1 or fewer drinks/wk, 2–6 drinks/wk, or 7� drinks/wk); covariates were measured at baseline only.
d Any subclinical hypothyroid vs euthyroid.
e Mild subclinical hypothyroid vs euthyroid (severe category omitted).
f Moderate/severe subclinical hypothyroid vs euthyroid (mild category omitted).
g Moderate/severe and TPOAb positive vs euthyroid (mild and TPOAb negative omitted).
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SCH, and 1.13 (95% CI 0.66–2.05) for moderate/severe
SCH.

Discussion

In this large case-cohort investigation of US postmeno-
pausal women aged 50–79 years, we did not find evidence
for an association between SCH and risk for MI. The lack
of association between SCH and MI was not changed by
the presence or absence of TPOAb and also did not vary
by the severity of SCH [mild SCH (TSH 4.69–6.99 mU/L)
or moderate/severe SCH (TSH � 7.00 mU/L)].

To our knowledge, 3 prospective studies have specifi-
cally reported the association between SCH and MI as a
noncomposite outcome. Hak et al (8) reported a relative
risk of MI: 2.5 (0.7–9.1) for TSH greater than 4.0 mU/L.
Rodondi et al (9), in a subgroup analysis, reported an
increased risk for MI, HR 4.73 (1.0–22.1), only among
those with TSH 10 mU/L or greater. However, the asso-
ciations observed in both these studies were based on a
small number of incident MI cases (n � 16 and n � 98,
respectively) and therefore lack precision in their esti-
mates. In a large Norwegian prospective cohort (n
women � 18 030; MI cases � 474), Åsvold et al (23)
found no association between women with SCH and in-
cident MI hospitalizations (HR 1.05; 95% CI 0.82–1.59)
compared with euthyroid women with TSH values of 0.5–
1.4 mU/L. They reported similar results for males. As part
of a continuum of disease progression, SCH likely follows
a gradient ranging from mild subclinical to severe subclin-
ical dysfunction. Individuals with severe SCH are more
likely to be similar to those with overt hypothyroidism
than those with euthyroid status and thus may have higher

MI risk. Although Åsvold et al did
not report the association between
SCH and MI by severity of SCH, the
results from our study are in agree-
ment with their findings.

Other prospective studies have
evaluated the association between
SCH and broadly defined outcome
statuses such as CHD, IHD, and
death due to CHD and have yielded
heterogeneous results. The Whick-
ham study showed a nonsignificant
elevated risk of IHD, 1.7 (95% CI
0.9–3.2) among women with ele-
vated TSH and positive TPOAb (28).
A reanalysis of the study in 2010
showed a statistically significant as-
sociation between SCH and IHD
risk, 1.8 (95% CI 1.2–2.7); however,

the statistical significance did not remain after excluding
subsequent levothyroxine treatment from their model
(20). Of the other prospective studies that examined the
association between SCH and CHD, 4 showed no evi-
dence of association (18, 19, 29, 30), 2 showed statistically
significant increased risk (15–17), and another demon-
strated some evidence of association among men but no
evidence among women (31). A recent individual-level
pooled data analysis of prospective cohort studies sug-
gested that SCH may be associated with marginally in-
creased risk for CHD [HR 1.2 (95% CI 1.0–1.4)] and
notably higher risk [HR 1.9 (95% CI 1.3–2.8)] among
those with TSH concentrations of 10 mU/L or greater (21).

Recognizing the heterogeneity of composite outcomes
assessed in the current literature and the difficulty of com-
parison that follows, we examined only confirmed inci-
dent first-time MI cases. The present study is one of the
largest studies to date to have examined the association
between SCH and MI specifically among postmenopausal
women; our study had 736 MI cases, which is severalfold
larger than previous studies that showed a positive asso-
ciation. Despite the larger sample size, we did not find an
association. A priori, assuming 800 MI cases, 4:1 cohort
to case ratio, and a type I error of 5%, we approximated
a minimum detectable effect estimate of 1.43 with 90%
power if the prevalence of SCH was 10% and an effect
estimate of 1.81 with 80% power if the prevalence of SCH
was 2%. Even though the prevalence of SCH was below
10% and we had slightly fewer MI cases than originally
planned, our study was still equipped to detect an effect
estimate of 1.47 with 80% power. However, the effect
estimates we observed were much lower and closer to the
null. It can also be argued that MI alone as an outcome
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may be too restrictive in providing information on general
CHD risk. In an effort to address this, we examined the
association between SCH and composite CHD (composed
of first occurrence of clinical MI, definite silent MI, death
due to any CHD, and other definite or possible CHD
events) in the randomly selected subcohort participants,
who are representative of the WHI-OS population. The
effect estimates that we observed for any CHD event were
similar to those that we observed in our primary case-
cohort investigation of MI; corresponding adjusted HRs
for any SCH, mild SCH, and moderate/severe SCH were
1.14 (95% CI 0.66–1.99), 1.05 (95% CI 0.52–2.15), and
1.37 (95% CI 0.66–2.87), respectively.

We did not have information on lipid levels and thus are
unable to directly assess the relationship between SCH,
lipids, and MI. However, we examined antihyperlipi-

demic medication use at the 3-year follow-up visit and
found the proportion of antihyperlipidemic medication
use to be similar, regardless of SCH status at baseline (data
not shown). Interestingly, lipid levels are strong and
graded predictors of cardiovascular disease including MI
among middle-aged adults (32, 33); however, the associ-
ation among older adults remains controversial (34, 35).
Psaty et al (36) showed only marginal increases in MI risk
among men and women 65 years of age or older in relation
to elevated total cholesterol and low-density lipid choles-
terol (LDL-C). Approximately 70% of our study popula-
tion was 65 years of age or older at baseline. If the primary
mechanism of MI progression in SCH is through increased
LDL-C, then the predominantly older population in our
study may explain the lack of association. By extension of
this rationale, upon excluding individuals with history of

Table 3. Multivariable Adjusted Hazard Ratios for Myocardial Infarction in Relation to Any SCH, Moderate/Severe
SCH, and Presence of TPOAb by Strata of Important Covariates Among Women from the Women’s Health Initiative
Observational Study

Covariate

Stratum-Specific, Multivariable-Adjusted Hazard Ratios (95% CI)a

SCH Mod/Sev SCH Mod/Sev SCH and TPOAb�

Age, y
50–64 0.98 (0.52, 1.83) 1.74 (0.82, 3.70) 1.37 (0.57, 3.30)
65–70 0.99 (0.42, 2.35) 0.53 (0.13, 2.26) 0.23 (0.02, 2.07)
71–79 1.11 (0.51, 2.39) 1.27 (0.44, 3.69) 1.04 (0.27, 4.02)

P for interaction .9 .16 .12
Smoking

Never 1.11 (0.71, 1.73) 1.16 (0.55, 2.44) 0.94 (0.36, 2.46)
Past 1.07 (0.56, 2.03) 1.12 (0.38, 3.34) 0.78 (0.17, 3.50)
Current 0.74 (0.21, 2.53) 1.47 (0.36, 6.07) 1.11 (0.22, 5.69)

P for interaction .69 .9 .89
Ethnicityb

White 1.07 (0.78, 1.48) 1.28 (0.77, 2.13) 0.93 (0.47, 1.84)
Black 1.88 (0.32, 10.88) — —
Other 0.7 (0.14, 3.50) 0.56 (0.06, 5.11) 1.02 (0.09, 11.07)

P for interactionb .72 — —
Alcoholb

0 to � 1 drink/wk 1.00 (0.70, 1.45) 1.36 (0.79, 2.33) 0.9 (0.44, 1.83)
1–6 drinks/wk 1.27 (0.57, 2.84) 1.15 (0.21, 6.29) 2.04 (0.33, 12.66)
7� drinks/wk 0.97 (0.33, 2.87) — —

P for interactionb .9 — —
Gravidity

Never pregnant 1.13 (0.38, 3.39) 2.47 (0.61, 9.98) 2.82 (0.57, 13.81)
1 1.50 (0.31, 7.27) 2.15 (0.22, 20.87) 3.32 (0.28, 39.52)
2–4 1.12 (0.35, 3.62) 1.3 (0.27, 6.11) 0.78 (0.12, 4.89)
5� 0.84 (0.24, 2.98) 0.73 (0.13, 4.13) 0.61 (0.08, 4.78)

P for interaction .68 .33 .18
Hormone therapy

Never 0.94 (0.59, 1.51) 0.76 (0.34, 1.71) 0.62 (0.22, 1.73)
Past 1.19 (0.49, 2.90) 1.21 (0.24, 6.06) 0.58 (0.05, 6.54)
Current 1.12 (0.56, 2.22) 1.98 (0.66, 5.92) 1.66 (0.41, 6.60)

P for interaction .76 .1 .2

Abbreviations: Mod/Sev, moderate/severe; —, data not collected. SCH is TSH 4.70 mU/L or greater; moderate/severe is TSH 7.00 mU/L or greater;
TPOAb� is anti-TPOAb present.
a Hazard ratios for each interaction covariate category was mutually adjusted for all other covariates as listed and categorized in the table.
b Effect estimates and P value for interaction are left blank for certain ethnicity and alcohol categories for the Mod/Sev SCH and Mod/Sev SCH and
TPOAb� groups due to unstable effect estimates.
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MI, we may have effectively eliminated MI cases induced
at least in part by SCH. On the other hand, only a few
studies have shown elevated total- and LDL-C in relation
to SCH (37). Evidence regarding altered cardiometabolic
profiles in relation to SCH has not been consistent (37,
38), which may reflect the lack of association between
SCH and MI in our study. Similar to results of this study,
a recent study by Hyland et al (30) found no association
between persistent SCH and CHD risk in an older popu-
lation of men and women 65 years of age or older. How-
ever, opposing this hypothesis, the pooled analysis by
Rodondi et al (21) found no such heterogeneity in results
by age strata. It has also been suggested that TSH levels in
otherwise healthy older adults may be higher than their
younger counterparts. Changing the TSH threshold of
SCH classification (decreasing it to 4.5 mU/L or increasing
it to 5.0 mU/L) yielded very similar results (data not
shown).

We measured thyroid biomarkers only at baseline and
were unable to determine whether thyroid dysfunctions
we detected persisted at a constant level, deteriorated, or
improved over the study period. Somwaru et al (39) re-
ported approximately 46% of participants with SCH
(TSH 4.5–6.9 mU/L) reverted to euthyroid status during
a 4-year period. Subsequent development of SCH among
euthyroid participants, reversion to euthyroid status
among SCH participants after baseline, or initiation of
thyroid medications past the 3-year visit could have po-
tentially biased our results toward the null. Information
on thyroid medication use was available only for the
3-year visit and was missing for 23% of the study popu-
lation. Due to the retrospective nature of this study, par-
ticipants were not aware of their thyroid status and the
study would be predicted to have lower rates of thyroid
medication use during follow-up than participants in
other studies. However, this advantage did not change the
probable scenario in which rates of thyroid medication use
at the 3-year follow-up visit were higher for women with
SCH at baseline than for women with normal thyroid sta-
tus at baseline.

Censoring women at the time of medication use did not
materially alter the results of our study. Furthermore, our
1-time assessment of thyroid levels does not account for
transient changes in TSH values, potentially leading to
misclassification of SCH, especially for individuals with
borderline threshold TSH values. This misclassification is
likely nondifferential and may partly explain the null as-
sociation between any SCH and MI. Additionally, we
were unable to assess MI risk among participants with
severe SCH because only 36 participants presented with
TSH levels 10 mU/L or greater. Selection bias is a highly
unlikely explanation for the results presented here because

our cases and the subcohort came from the same, well-
defined population. However, results from our study may
not generalize for men of a similar age range, middle-aged
women, or those with a previous history of CHD.

In summary, our study did not find evidence for an
association between SCH and the risk for incident MI
among a population of postmenopausal, predominantly
older women with no prior history of CHD. Although not
investigated in our study, the effect of SCH on MI may still
be of relevance among individuals who are exposed to
TSH levels 10 mU/L or greater, in whom the onset of SCH
occurs at a younger age or persists for a longer period of
time than that in our study.
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