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Abstract

Context: Subclinical thyroid dysfunction (ScTD), comprising subclinical hypothyroidism (SHypo) and subclinical hyperthyroidism (SHyper), has
been associated with increased risk for cardiovascular events.

Objective: To assess associations between ScTD and cardiovascular risk factors (cvRFs) according to age and sex.

Methods: This analysis of pooled participant data from large prospective cohort studies from the Thyroid Studies Collaboration assessed cvRFs
(blood pressure [BP], lipid levels, high-sensitivity C-reactive protein [hs-CRP]) among participants aged 18 to 103 years with SHypo (thyroid-
stimulating hormone [TSH] > 4.50 mU/L, normal fT4) and SHyper (TSH < 0.45 mU/L, normal fT4) vs euthyroid (TSH 0.45-4.50 mU/L).

Results: Of 69 006 participants (mean age 62 years, 55% women, 25% current smokers) from 16 international cohorts, 3748 (5.4 %) had SHypo
and 3428 (5.0%) had SHyper. In both women and men, systolic and diastolic BP were similar regardless of thyroid status. Exceptions were lower
diastolic BP in women with SHyper compared to euthyroid participants (adjusted mean difference [aMD] —1.3 mmHg, 95% CI —2.0 to —0.5), and
lower systolic BP in men with SHyper compared to euthyroid participants (aMD —3.1 mmHg, 95% Cl —4.8 to —1.4). In both women and men, lipid
levels (total, HDL, LDL-cholesterol, triglycerides) and hs-CRP were similar regardless of thyroid status. The only exception were women with
SHyper who had lower LDL-cholesterol vs euthyroid (aMD —0.17 mmol/L, 95% CI| —0.29 to —0.05).

Conclusion: Participants with ScTD and euthyroid participants have similar cvRFs and differences are arguably too small to explain the increased
cardiovascular risk in ScTD observed in previous studies.

Key Words: dyslipidemia, high-sensitivity C-reactive protein, arterial hypertension, LDL-cholesterol, subclinical hyperthyroidism, subclinical hypothyroidism

Abbreviations: aMD, adjusted mean difference; cvRF, cardiovascular risk factor; fT4, free thyroxine; HDL, high-density lipoprotein; hs-CRP, high-sensitivity
C-reactive protein; LDL, low-density lipoprotein; ScTD, subclinical thyroid dysfunction; SHyper, subclinical hyperthyroidism; SHypo, subclinical

hypothyroidism; TSH, thyrotropin (thyroid stimulating hormone).

Subclinical thyroid dysfunction (ScTD) is defined by
thyroid-stimulating hormone (TSH) levels outside and free
thyroxine (fT4) concentrations within their respective refer-
ence ranges (1, 2); women are more likely to have ScTD—
especially elevated TSH—than men (3-6). Both subclinical
hypothyroidism (SHypo) and subclinical hyperthyroidism
(SHyper) are linked to higher risk of coronary heart disease
and associated mortality (2, 7-10). Although risk of ScTD
and coronary heart disease both increase with age (3, 11,
12), the excess risk of coronary heart disease in those with
ScTD does not increase with advancing age (8, 9).

SHypo has been associated with several modifiable cardio-
vascular risk factors, including hypertension (13, 14), obesity
(15), and dyslipidemia (6), which may even extend to varia-
tions in the euthyroid range (16), but these associations have
been inconsistent in studies using population-based data
(17, 18). SHyper has not been associated with hypertension
(13), but the underlying body of data is scarce. Overall, there
is scarcity with regard to clinical trials on ScTD (19). Robust
data on SHypo were published in an analysis focusing on the
older population (20). SHypo is often treated with levothyr-
oxine, but its effect on cardiovascular events and mortality
is uncertain, since even the largest randomized controlled
trial yet conducted on this topic was underpowered to assess
cardiovascular events (19, 21, 22).

As there have been few large multinational analyses of the
association between ScTD and cardiovascular risk factors,
we worked within the Thyroid Studies Collaboration to
pool individual participant data across large prospective
cohort studies on multiple continents. To determine if this
population with ScTD was at increased risk of cardiovascular
events, we identified the cardiovascular risk factors most
prevalent in these patients (8-10, 23, 24) and then determined
whether these associations varied by age, sex, or TSH levels.

Materials and Methods

Cohort Data

We pooled individual participant data within the Thyroid
Studies Collaboration (https:/www.thyroid-studies.org) from
all available cohort studies that: (i) measured baseline thyroid
function (TSH, fT4); (ii) collected data on one or more baseline

cardiovascular risk factors, such as systolic and diastolic blood
pressure, circulating total cholesterol, high-density lipoprotein
(HDL-), low-density lipoprotein (LDL-) cholesterol, triglycer-
ides, high-sensitivity C-reactive protein (hs-CRP), and smoking
status at baseline (25-27); and (iii) collected data on age and
sex. We excluded participants taking the following outcome-
or exposure-modifying medications: antihypertensive agents,
lipid-lowering drugs, and exposure-modifying drugs such as
thyroid hormones and antithyroid medication at baseline,
and we excluded those for whom information on these
medications was unavailable. We also excluded participants
on antihypertensives from analyses of blood pressure and par-
ticipants on lipid-lowering drugs from analyses of lipids and
inflammation. For this reason, we excluded the HUNT study
(28) from our analyses of lipid parameters as it collected no
information on lipid-lowering medication.

Cardiovascular Risk Factors

We evaluated baseline systolic and diastolic blood pressure,
dyslipidemia with total cholesterol, HDL-cholesterol, trigly-
cerides, and LDL-cholesterol. We used the Friedewald
formula (29) to calculate LDL-cholesterol as appropriate
(with values excluded if triglycerides >4.52 mmol/L). We
used baseline hs-CRP to identify low-grade systemic inflam-
mation and excluded participants with values > 10 mg/L
(30) as this may have signified the presence of an inflammatory
process possibly due to an acute infection or critical illness
which can alter thyroid function (31).

ScTD and Subgroups

As for previous studies, we used uniform TSH cutoffs but
cohort-specific fT4 cutoffs because of the poor harmonization
of fT4 compared with TSH assays (8). We defined thyroid
function categories as: (i) SHypo (TSH > 4.50 mU/L with
fT4 within cohort-specific reference range; (ii) euthyroid state
(TSH between 0.45 and 4.50 mU/L); and (iii) SHyper (TSH
< 0.45 mU/L, fT4 within reference range). We excluded par-
ticipants with overt thyroid dysfunction (TSH and fT4 outside
the reference range) and with TSH values >20 mU/L, but
included participants with missing fT4 levels in the main
analyses, since most people with normal TSH are euthyroid
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or can be categorized with subclinical rather than overt
thyroid dysfunction (3, 8, 32). We excluded participants
from the corresponding sensitivity analyses if their fT4
levels were missing. Additionally, a sensitivity analysis was
conducted where analyses were limited to participants who
have persistent SHypo and SHyper at follow-up. For this ana-
lysis, data on repeated thyroid function measurements and on
thyroid-related medications were available in 4 cohorts (Bari,
Busselton Health Study, Cardiovascular Health Study, Leiden
85+ Study) permitting corresponding analyses on persistent
ScTD (33). In further subgroup analyses including all cohorts,
we also compared participants with marked subclinical hyper-
(TSH <0.10 mU/L) and marked SHypo (TSH 10-20 mU/L)
to those in the euthyroid state (8), given that marked ScTD
can be regarded as the most likely to persist as 50% of
ScTD cases are reported to revert to the euthyroid state (34).
We further analyzed subgroups by age (<70 and > 70 years
old). Within each category, we calculated mean systolic
and diastolic blood pressure (in mmHg), mean total,
HDL-cholesterol and LDL-cholesterol, triglyceride levels (in
mmol/L), and mean hs-CRP values (in mg/L).

Statistical Analysis

To determine the association between ScTD (with euthyroid
state as reference category) and each of the cardiovascular
risk factors, we used univariate linear mixed-effects regression
models. These models featured a random intercept for each
cohort for continuous outcome variables in cardiovascular
risk factors and mixed-effects logistic regression models, and
a random intercept for each cohort for dichotomous outcome
variables. For hs-CRP comparisons, we applied Poisson re-
gression. We adjusted all analyses for age and current smoking
status (25-27). Because outcomes differed by sex (highlighted
by a significant P for interaction) and because of results of pre-
vious studies (35, 36), we stratified results for women and men
separately. We explored subgroups by TSH categories for
marked ScTD (< 0.10 and 10-20 with 0.45-4.50 mU/L as refer-
ence) (8), and by age strata < 70 and > 70 years (37-39). This
established age cutoff chosen provided similar numbers of par-
ticipants for the examined cardiovascular risk factors. We re-
peated these calculations in corresponding sensitivity analyses
without ScTD-classified participants when information on
their fT4 levels was missing. In an additional analysis, we de-
fined SHypo in participants > 70 years using a cutoff for TSH
> 7.5 mU/L (37). P values <.05 indicated statistically signifi-
cant differences between groups. All analyses were performed
with Stata version 15.1, Stata Corporation, Texas, USA.

Results

Cohort Characteristics

We analyzed data of individual participants that contained in-
formation on cardiovascular risk factors and corresponding
medications from 69 006 participants in 16 cohorts in the
Thyroid Studies Collaboration, spanning North America
(USA), Europe (Belgium, Germany, Italy, The Netherlands,
Norway, UK), and Australia (Supplementary Fig. S1) (40).
Mean age was 62 (range, 18-103) years, 55% were women
and 25% were current smokers (Table 1). Among partici-
pants, 5.0% had SHyper, and 5.4% had SHypo, including
0.9% with marked SHyper (TSH < 0.10 mU/L) and 0.6%
with marked SHypo (TSH 10-20 mU/L). Medications to treat
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a thyroid disorder (thyroid hormones, antithyroid medica-
tion) were taken by 4.5%, 29% took antihypertensives, and
12% took lipid-lowering medication (Table 1). All treated
participants were excluded in risk-specific analysis (eg, those
on antihypertensive medication were excluded from the blood
pressure analyses).

Blood Pressure

We did not report mean blood pressure values here, as they
were unadjusted for age and smoking status, making a crude
comparison between the thyroid categories (SHyper, euthyr-
oid, SHypo) obsolete. In adjusted analyses, both women and
men had similar systolic and diastolic blood pressure values
across thyroid categories, with 2 exceptions: compared to eu-
thyroid, women with SHyper had a lower diastolic blood pres-
sure (adjusted mean difference [aMD] —1.3 mmHg, 95% CI
—2.0 to —0.5), and men with SHyper had a lower systolic
blood pressure (aMD —3.1 mmHg, 95% CI —4.8 to —1.4;
Fig. 1, Supplementary Table S1A) (40). In the sensitivity ana-
lysis with persistent subclinical thyroid dysfunction, women
with SHyper also had a lower diastolic blood pressure (aMD
—10 mmHg, 95%CI -20 to —0.5; Supplementary Table S2A)
(40). When we restricted the analyses to participants with
marked SHyper (TSH < 0.1 mU/L) or marked SHypo (TSH
>10 mU/L) and compared them to euthyroid participants,
men had similar systolic and diastolic blood pressure values
(Supplementary Table S3A) (40). However, women with
marked SHyper had a higher systolic blood pressure compared
to euthyroid participants (aMD 3.3 mmHg, 95% CI 0.0 to
6.5), and women with marked SHypo had a higher diastolic
blood pressure (aMD 2.4 mmHg, 95% CI 0.3 to 4.5; Fig. 1,
Supplementary Table S3A) (40). In sensitivity analyses exclud-
ing participants with missing fT4 values, results remained simi-
lar (Supplementary Tables S1C and S3C) (40).

Lipids and Inflammation

As with blood pressure, we did not report mean lipid or
hs-CRP values here, as they were unadjusted for age and
smoking status, making a crude comparison between the thy-
roid categories (SHyper, euthyroid, SHypo) obsolete. In ad-
justed analyses, both women and men had comparable lipid
values across thyroid categories (Fig. 2, Supplementary
Table S1B) (40). Of note, there were a few statistically signifi-
cant differences in women (eg, total cholesterol between
SHyper and euthyroid; HDL-cholesterol between SHypo
and euthyroid; triglycerides between SHypo and euthyroid;
Supplementary Table S1B) (40) that seemed clinically negli-
gible. Statistical significance arose from the large number of
study participants. The only exception were women with
SHyper who had a lower LDL-cholesterol compared to euthyr-
oid participants (aMD —0.17 mmol/L, 95%CI —0.29 to —0.05;
Supplementary Table S1B) (40). These small differences were
no longer statistically significant in the sensitivity analysis
that only included individuals with persistent subclinical thy-
roid dysfunction at follow-up (Supplementary Table S2B)
(40), possibly due to low statistical power. When we restricted
the analyses to participants with marked SHyper (TSH
< 0.1 mU/L) or marked SHypo (TSH > 10 mU/L) and com-
pared them to euthyroid participants, lipid values were again
similar for both women and men across thyroid categories
(Supplementary Table S3B) (40), with 2 exceptions: compared
to euthyroid participants, women with marked SHyper had
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Blood Pressure
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Diastolic BP — All SHyper —e ——
Diastolic BP — Marked SHyper ——— —_——— 71—
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Mean difference with 95% CI

(in mmHg)

Mean difference with 95% CI
(in mmHg)

Figure 1. (16 Cohorts, n=45 819 participants): mean differences of blood pressure in subclinical thyroid dysfunction vs the euthyroid state.

Top: SHyper, subclinical hyperthyroidism (TSH < 0.45 mU/L, normal fT4) with marked (TSH < 0.10 mU/L) dysfunction; Bottom: SHypo, subclinical
hypothyroidism (TSH > 4.50 mU/L, normal fT4) with marked (TSH 10-20 mU/L) dysfunction; mean differences with 95% Cl vs the euthyroid state
(TSH 0.45 to 4.50 mU/L) for systolic and diastolic blood pressure (BP) in mmHg for women (left) and men (right). Numerical details are displayed in

Supplementary Tables STA and S3A (40).

lower LDL values (—0.48 mmol/L, 95% CI —0.74 to —0.21), as
did men with marked SHyper (—0.39 mmol/L, 95% CI —0.63
to —0.16; Supplementary Table S3B) (40). In sensitivity ana-
lyses excluding participants with missing fT4 values, results re-
mained similar (Supplementary Tables S1D and S3D) (40).

Finally, we found no differences in hs-CRP levels between
those with ScTD and euthyroid participants in either sex
(Fig. 2, Supplementary Tables S1B, S2B, S3B, S1D, and
S3D) (40).

Subgroup Analysis by Age

Among male participants aged < 70 years, those with SHyper
had a lower systolic and diastolic blood pressure compared
to euthyroid participants (aMD -2.4 mmHg, 95% CI —4.2
to —0.7; and aMD -1.8 mmHg, 95% CI -3.0 to —0.7;
Supplementary Table S4A) (40), which remained robust in sen-
sitivity analyses excluding participants with missing fT4 values
(Supplementary Table S4C) (40). Lipid values and hs-CRP were
similar across TSH categories (Supplementary Table S4B) (40),
also in sensitivity analyses excluding participants with missing
fT4 values (Supplementary Table S4D) (40).

Among participants aged > 70 years, there were no clinically
meaningful differences in blood pressure across thyroid
categories (Supplementary Table S5A) (40), which was substan-
tiated in sensitivity analyses excluding participants with missing
fT4 values (Supplementary Table S5C) (40). Similarly, there
were no clinically meaningful differences in lipid values or
hs-CRP across thyroid categories (Supplementary Table S5B)
(40), congruent with sensitivity analyses excluding participants
with missing fT4 values (Supplementary Table S5D) (40). After
using a TSH cutoff of > 7.5 mU/L to define SHypo in the partic-
ipants aged >70 years, clinically meaningful differences in
blood pressure, lipid values and hs-CRP remained elusive
(Supplementary Table S6A and S6B) (40).

Discussion

This comprehensive analysis of data from 16 cohorts with 69
006 participants assessed associations between ScTD and car-
diovascular risk factors to identify contributors to the ob-
served increase in cardiovascular disease and mortality with

ScTD (8, 9). Cardiovascular risk factors were similar between
the ScTD and euthyroid groups; differences were of only mar-
ginal clinical relevance and irrespective of age and sex. Thus,
classical cardiovascular risk factors do not appear to explain
the increased cardiovascular risk in ScTD.

Men and women with marked SHyper (TSH < 0.10 mU/L)
had consistently lower total and LDL-cholesterol levels than
euthyroid individuals. Our results resemble those of a cross-
sectional North American population-based analysis of indi-
viduals on outcome-modifying lipid-lowering drugs that
found decreased lipid levels with low TSH levels (6).
Individuals with lower TSH levels also had a more favorable
lipid profile (lower total and LDL-cholesterol) in the
Norwegian HUNT study (41), but we could not confirm the
HUNT study’s finding of a linear association between the en-
tire TSH reference range and lipid parameters, as we had to
exclude the HUNT cohort from the lipid analyses because in-
formation about lipid-lowering medication was not available.

In our study, participants with SHypo did not have an un-
favorable lipid profile, contrary to the above-mentioned cross-
sectional North American analysis on outcome-modifying
lipid-lowering drugs, who reported increasing lipids with higher
TSH levels (6). Unlike this study, ours excluded individuals on
exposure-modifying thyroid medication and on lipid-lowering
drugs from the corresponding lipid analysis, which may explain
why our results differed. In the Norwegian HUNT study, as
TSH increased within the reference range, it was associated
with less favorable lipid concentrations (41). Yet again, since
the HUNT study did not include information on lipid-lowering
medications (41), we could not include this cohort in our
corresponding analyses of thyroid function and lipids. A
cross-sectional analysis of a general population in Denmark as-
sociated SHypo with increased triglycerides and low-grade in-
flammation in men (42). However, as the Danish study did
not comment on lipid-lowering medication, we assume they
did not exclude individuals on lipid-lowering drugs, which
may have confounded CRP levels and contributed to differences
between our results and theirs.

Women with marked SHyper had higher systolic blood
pressure values in our study, which excluded those who had
taken exposure- or outcome-modifying medication, as did
the earlier meta-analysis that found increased blood pressure
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Figure 2. (13 Cohorts, n=24 781 participants): mean differences of lipid parameters (top) and high-sensitivity C-reactive protein (bottom) in subclinical
thyroid dysfunction vs the Euthyroid State. (A) Top: SHyper, subclinical hyperthyroidism (TSH <0.45 mU/L, T4 within the reference range) with marked
(TSH < 0.10 mU/L) dysfunction; Bottom: SHypo, subclinical hypothyroidism (TSH > 4.50 mU/L, fT4 within the reference range) with marked

(TSH 10-20 mU/L) dysfunction; mean differences with 95% CI vs the euthyroid state (TSH 0.45 to 4.50 mU/L) for lipid parameters total cholesterol,
high-density lipoprotein (HDL) cholesterol, triglycerides, and low-density lipoprotein (LDL) cholesterol in mmol/L for women (left) and men (right).
Numerical details are displayed in Supplementary Tables S1B and S3B (40). (B) Top: SHyper, subclinical hyperthyroidism (TSH < 0.45 mU/L, fT4 within
the reference range) with marked (TSH < 0.10 mU/L) dysfunction; Bottom: SHypo, subclinical hypothyroidism (TSH > 4.50 mU/L, fT4 within the
reference range) with marked (TSH 10-20 mU/L) dysfunction; mean differences with 95% Cl vs the euthyroid state (TSH 0.45 to 4.50 mU/L) for
high-sensitivity C-reactive protein in mg/L for women (left) and men (right). Numerical details are displayed in Supplementary Tables S1B and S3B (40).

was associated with SHypo but not SHyper (13). However, we
included mainly White individuals from eligible cohorts in the
United States, Europe, and Australia, and we excluded the
study from Japan because medication data were missing.
Ethnic background and genetic differences may modify the
association between SHypo and blood pressure and explain
differences between our study and those that contained data
from mainly Asian cohorts.

Although some previous studies suggested that ScTD was
associated with increased cardiovascular risk (6, 13), our
analysis of individual participant data did not show relevant
associations between ScTD and the cardiovascular risk factors
studied in this report. The statistically significant differences in
the degree of cardiovascular risk factors were marginal from a
clinical point of view, and most often in favor of ScTD and
not the euthyroid state. Differences in LDL-cholesterol of

1 mmol/L are known to be clinically relevant as regards to car-
diovascular risk (43). In our analyses, although statistically sig-
nificant, mean LDL-cholesterol values differed by less than
0.2 mmol/L and this in favor of marked SHyper compared to
the euthyroid state. Thus, our findings do not support the claim
that those with ScTD are at higher cardiovascular risk due to
higher blood pressure, dyslipidemia, or low-grade inflamma-
tion. These factors were regarded as possibly being responsible
for a repeatedly observed higher risk of heart disease, cardiovas-
cular events, and mortality in those with ScTD (8-10, 23, 24). In
line with our present findings, a contemporary analysis did not
reveal an association between subclinical thyroid dysfunction
and incident diabetes even after adjustment for body mass index
(33). One possibility would be that ScTD is an independent risk
factor for cardiovascular disease (24). Several mechanisms have
been suggested, including heart failure with prolonged cardiac
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isovolumic relaxation time, higher mean heart rate, and in-
creased risk of atrial fibrillation, and the Thyroid Study
Collaboration is investigating these (44).

Strengths & Limitations

Our study was strengthened by a systematic review
of all available population-based cohorts and our exclusion
of participants who took exposure or outcome-modifying
treatments, which might have biased previous analyses
(6, 41, 42).

Our study was limited by the absence of data on specific
medications for cardiovascular risk factors across cohorts,
causing us to exclude participants from corresponding ana-
lyses. We had no information on menopause or postmeno-
pausal hormone therapy, which may have influenced
cardiovascular risk (45). We had no direct information re-
garding acute illnesses or recent radiologic studies with con-
trast agents that may have altered thyroid function in
participants. However, we assume that such cofactors were
rare in the individuals studied as we have excluded partici-
pants with hs-CRP levels > 10 mg/L from our analyses and
data were mainly collected in an outpatient setting. Another
limitation is that thyroid function was assessed at one time-
point; however, a sensitivity analysis including only individu-
als with persistent ScTD on follow-up showed similar results.
Future studies should further investigate the causes of the as-
sociation of ScTD with increased cardiovascular risk found in
prospective observational studies (8). By using larger pro-
spective datasets with data on thyroid function available at
more than one time point, effects of persistent subclinical thy-
roid dysfunction may be assessed. Our data on participants
with marked subclinical thyroid dysfunction could provide
an outlook for such future analyses, since marked ScTD is
the most likely one to persist.

Our large analysis of individual participant data from mul-
tiple cohorts found that ScTD and euthyroid have similar car-
diovascular risk factors and differences are arguably too small
to explain the increased cardiovascular risk in ScTD observed
in previous studies.
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