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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% CI −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 

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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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 

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% CI 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 S1A and S3A (40).

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 5                                                                                          e1319
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/article/110/5/e1315/7922602 by Biblioteca M

edica C
entralizzata user on 12 M

ay 2026



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 

A

B

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, 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% 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% CI 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).
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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.

Funding
This work was supported by the Swiss National Science 
Foundation (SNSF) grant number 32003B_200606 to N.R. 
O.B. obtained a Protected Research Time (PRT) Grant from 
the University of Bern.

The Health In Men Study was supported by research grants 
from the Australian Government’s National Health and 
Medical Research Council, and thyroid hormone assays by re
search grants from the Fremantle Hospital Medical Research 
Foundation, Fremantle Hospital, Western Australia, and the 
Ada Bartholomew Medical Research Trust, University of 
Western Australia.

The BELFRAIL study [B40320084685] was funded by an 
unconditional grant from the Fondation Louvain. The 
Fondation Louvain is the support unit of the Université cath
olique de Louvain in charge of developing education and re
search projects of the university by collecting gifts from 
corporate, foundations, and alumni.

The Trøndelag Health Study (HUNT) is a collaboration be
tween HUNT Research Centre (Faculty of Medicine and 
Health Sciences, NTNU, Norwegian University of Science 

and Technology), Trøndelag County Council, Central 
Norway Regional Health Authority, and the Norwegian 
Institute of Public Health. The use of HUNT data in this study 
was supported by the Joint Research Committee between 
St. Olavs hospital and the Faculty of Medicine and Health 
Sciences, NTNU (FFU).

SHIP is part of the Community Medicine Research 
Network of the University Medicine Greifswald, which is sup
ported by the German Federal State of Mecklenburg—West 
Pomerania.

The Prevention of REnal and Vascular ENd-stage 
Disease (PREVEND) was supported by the Dutch Kidney 
Foundation (Grant E.033), the Netherlands Heart Foundation 
and the University Medical Center Groningen.

The Rotterdam Study has been approved by the Medical 
Ethics Committee of the Erasmus MC (registration number 
MEC 02.1015) and by the Dutch Ministry of Health, 
Welfare and Sport (Population Screening Act WBO, 
license number 1071272-159521-PG). The Rotterdam 
Study Personal Registration Data collection is filed with the 
Erasmus MC Data Protection Officer under registration 
number EMC1712001. The Rotterdam Study has been 
entered into the Netherlands National Trial Register (NTR; 
https://onderzoekmetmensen.nl/en) and into the WHO 
International Clinical Trials Registry Platform (ICTRP; 
https://www.who.int/clinical-trials-registry-platform) under 
shared catalogue number NTR6831. All participants pro
vided written informed consent to participate in the study 
and to have their information obtained from treating 
physicians.

Disclosures
The authors are fully responsible for the content of this manu
script, and the views and opinions described in the publication 
reflect solely those of the authors.

Data Availability
Restrictions apply to the availability of some or all data gen
erated or analyzed during this study to preserve patient confi
dentiality or because they were used under license. The 
corresponding author will on request detail the restrictions 
and any conditions under which access to some data may be 
provided.

References
1. Cooper DS, Biondi B. Subclinical thyroid disease. Lancet. 

2012;379(9821):1142-1154.
2. Cappola AR, Desai AS, Medici M, et al. Thyroid and 

cardiovascular disease research agenda for enhancing 
knowledge, prevention, and treatment. Circulation. 2019;139(25): 
2892-2909.

3. Hollowell JG, Staehling NW, Flanders WD, et al. T(4), and thyroid 
antibodies in the United States population (1988 to 1994): National 
Health and Nutrition Examination Survey (NHANES III). J Clin 
Endocrinol Metab. 2002;87(2):489-499.

4. Tunbridge WM, Evered DC, Hall R, et al. The spectrum of thyroid 
disease in a community: the Whickham survey. Clin Endocrinol 
(Oxf). 1977;7(6):481-493.

5. Sawin CT, Castelli WP, Hershman JM, McNamara P, Bacharach P. 
The aging thyroid. Thyroid deficiency in the Framingham study. 
Arch Intern Med. 1985;145(8):1386-1388.

The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 5                                                                                          e1321
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/article/110/5/e1315/7922602 by Biblioteca M

edica C
entralizzata user on 12 M

ay 2026

https://onderzoekmetmensen.nl/en
https://www.who.int/clinical-trials-registry-platform


6. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The Colorado 
thyroid disease prevalence study. Arch Intern Med. 2000;160(4): 
526-534.

7. Peeters RP. Subclinical hypothyroidism. N Engl J Med. 
2017;376(26):2556-2565.

8. Rodondi N, den Elzen WP, Bauer DC, et al. Subclinical hypothy
roidism and the risk of coronary heart disease and mortality. 
JAMA. 2010;304(12):1365-1374.

9. Collet TH, Gussekloo J, Bauer DC, et al. Subclinical hyperthyroid
ism and the risk of coronary heart disease and mortality. Arch 
Intern Med. 2012;172(10):799-809.

10. Moon S, Kim MJ, Yu JM, Yoo HJ, Park YJ. Subclinical hypothy
roidism and the risk of cardiovascular disease and all-cause 
mortality: a meta-analysis of prospective cohort studies. Thyroid. 
2018;28(9):1101-1110.

11. Lozano R, Naghavi M, Foreman K, et al. Global and regional 
mortality from 235 causes of death for 20 age groups in 1990 
and 2010: a systematic analysis for the Global Burden of Disease 
study 2010. Lancet. 2012;380(9859):2095-2128.

12. Global Cardiovascular Risk Consortium; Magnussen C, Ojeda FM, 
et al. Global effect of modifiable risk factors on cardiovascular dis
ease and mortality. N Engl J Med. 2023;389(14):1273-1285.

13. Cai Y, Ren Y, Shi J. Blood pressure levels in patients with subclin
ical thyroid dysfunction: a meta-analysis of cross-sectional data. 
Hypertens Res. 2011;34(10):1098-1105.

14. Åsvold BO, Bjøro T, Nilsen TI, Vatten LJ. Association between 
blood pressure and serum thyroid-stimulating hormone concentra
tion within the reference range: a population-based study. J Clin 
Endocrinol Metab. 2007;92(3):841-845.

15. Knudsen N, Laurberg P, Rasmussen LB, et al. Small differences in 
thyroid function may be important for body mass index and the oc
currence of obesity in the population. J Clin Endocrinol Metab. 
2005;90(7):4019-4024.

16. van Tienhoven-Wind LJ, Dullaart RP. Low-normal thyroid func
tion and novel cardiometabolic biomarkers. Nutrients. 2015;7(2): 
1352-1377.

17. Hueston WJ, Pearson WS. Subclinical hypothyroidism and the risk 
of hypercholesterolemia. Ann Fam Med. 2004;2(4):351-355.

18. Razvi S, Jabbar A, Pingitore A, et al. Thyroid hormones and cardio
vascular function and diseases. J Am Coll Cardiol. 2018;71(16): 
1781-1796.

19. Feller M, Snel M, Moutzouri E, et al. Association of thyroid hor
mone therapy with quality of life and thyroid-related symptoms 
in patients with subclinical hypothyroidism: a systematic review 
and meta-analysis. JAMA. 2018;320(13):1349-1359.

20. Mooijaart SP, Du Puy RS, Stott DJ, et al. Association between lev
othyroxine treatment and thyroid-related symptoms among adults 
aged 80 years and older with subclinical hypothyroidism. JAMA. 
2019;322(20):1977-1986.

21. Stott DJ, Rodondi N, Kearney PM, et al. Thyroid hormone therapy 
for older adults with subclinical hypothyroidism. N Engl J Med. 
2017;376(26):2534-2544.

22. Blum MR, Gencer B, Adam L, et al. Impact of thyroid hormone 
therapy on atherosclerosis in the elderly with subclinical hypothy
roidism: a randomized trial. J Clin Endocrinol Metab. 2018;103(8): 
2988-2997.

23. Rodondi N, Newman AB, Vittinghoff E, et al. Subclinical hypothy
roidism and the risk of heart failure, other cardiovascular events, 
and death. Arch Intern Med. 2005;165(21):2460-2466.

24. Walsh JP, Bremner AP, Bulsara MK, et al. Subclinical thyroid dys
function as a risk factor for cardiovascular disease. Arch Intern 
Med. 2005;165(21):2467-2472.

25. Müller B, Zulewski H, Huber P, Ratcliffe JG, Staub JJ. Impaired ac
tion of thyroid hormone associated with smoking in women with 
hypothyroidism. N Engl J Med. 1995;333(15):964-969.

26. Åsvold BO, Bjøro T, Nilsen TI, Vatten LJ. Tobacco smoking and 
thyroid function: a population-based study. Arch Intern Med. 
2007;167(13):1428-1432.

27. Gruppen EG, Kootstra-Ros J, Kobold AM, et al. Cigarette smoking 
is associated with higher thyroid hormone and lower TSH levels: 
the PREVEND study. Endocrine. 2020;67(3):613-622.

28. Åsvold BO, Langhammer A, Rehn TA, et al. Cohort profile update: 
the HUNT study, Norway. Int J Epidemiol. 2023;52(1):e80-e91.

29. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the con
centration of low-density lipoprotein cholesterol in plasma, without 
use of the preparative ultracentrifuge. Clin Chem. 1972;18(6): 
499-502.

30. Shine B, de Beer FC, Pepys MB. Solid phase radioimmunoassays for 
human C-reactive protein. Clin Chim Acta. 1981;117(1):13-23.

31. Fliers E, Bianco AC, Langouche L, Boelen A. Thyroid function in 
critically ill patients. Lancet Diabetes Endocrinol. 2015;3(10): 
816-825.

32. Baumgartner C, da Costa BR, Collet TH, et al. Thyroid function 
within the normal range, subclinical hypothyroidism, and the risk 
of atrial fibrillation. Circulation. 2017;136(22):2100-2116.

33. Alwan H, Villoz F, Feller M, et al. Subclinical thyroid dysfunction 
and incident diabetes: a systematic review and an individual partici
pant data analysis of prospective cohort studies. Eur J Endocrinol. 
2022;187(5):S35-S46.

34. Meyerovitch J, Rotman-Pikielny P, Sherf M, Battat E, Levy Y, Surks 
MI. Serum thyrotropin measurements in the community: five-year 
follow-up in a large network of primary care physicians. Arch 
Intern Med. 2007;167(14):1533-1538.

35. Wills AK, Lawlor DA, Matthews FE, et al. Life course trajectories 
of systolic blood pressure using longitudinal data from eight UK co
horts. PLoS Med. 2011;8(6):e1000440.

36. Carroll MD, Kit BK, Lacher DA, Shero ST, Mussolino ME. Trends 
in lipids and lipoproteins in US adults, 1988-2010. JAMA. 
2012;308(15):1545-1554.

37. Surks MI, Hollowell JG. Age-specific distribution of serum thyro
tropin and antithyroid antibodies in the US population: implica
tions for the prevalence of subclinical hypothyroidism. J Clin 
Endocrinol Metab. 2007;92(12):4575-4582.

38. Razvi S, Weaver JU, Butler TJ, Pearce SH. Levothyroxine treatment 
of subclinical hypothyroidism, fatal and nonfatal cardiovascular 
events, and mortality. Arch Intern Med. 2012;172(10):811-817.

39. Chaker L, Razvi S, Bensenor IM, Azizi F, Pearce EN, Peeters RP. 
Hypothyroidism. Nat Rev Dis Primers. 2022;8(1):30.

40. Baretella O, Blum MR, Abolhassani N, et al. Associations between 
subclinical thyroid dysfunction and cardiovascular risk factors ac
cording to age and sex [supplemental material]. 2024. Available 
from BORIS Portal: https://doi.org/10.48620/77365

41. Åsvold BO, Vatten LJ, Nilsen TI, Bjøro T. The association between 
TSH within the reference range and serum lipid concentrations in a 
population-based study. The HUNT study. Eur J Endocrinol. 
2007;156(2):181-186.

42. Kvetny J, Heldgaard PE, Bladbjerg EM, Gram J. Subclinical hypo
thyroidism is associated with a low-grade inflammation, increased 
triglyceride levels and predicts cardiovascular disease in males be
low 50 years. Clin Endocrinol (Oxf). 2004;61(2):232-238.

43. Cholesterol Treatment Trialists’ (CTT) Collaboration; Baigent C, 
Blackwell L, et al. Efficacy and safety of more intensive lowering 
of LDL cholesterol: a meta-analysis of data from 170,000 partici
pants in 26 randomised trials. Lancet. 2010;376(9753):1670-1681.

44. Floriani C, Gencer B, Collet TH, Rodondi N. Subclinical 
thyroid dysfunction and cardiovascular diseases: 2016 update. 
Eur Heart J. 2018;39(7):503-507.

45. Hernán MA, Logan AA, Grodstein R, et al. Observational 
studies analyzed like randomized experiments: an application to 
postmenopausal hormone therapy and coronary heart disease. 
Epidemiology. 2008;19(6):766-779.

e1322                                                                                          The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 5
D

ow
nloaded from

 https://academ
ic.oup.com

/jcem
/article/110/5/e1315/7922602 by Biblioteca M

edica C
entralizzata user on 12 M

ay 2026

https://doi.org/10.48620/77365

	Associations Between Subclinical Thyroid Dysfunction and Cardiovascular Risk Factors According to Age and Sex
	Materials and Methods
	Cohort Data
	Cardiovascular Risk Factors
	ScTD and Subgroups
	Statistical Analysis

	Results
	Cohort Characteristics
	Blood Pressure
	Lipids and Inflammation
	Subgroup Analysis by Age

	Discussion
	Strengths  Limitations

	Funding
	Disclosures
	Data Availability
	References


