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ABSTRACT　
 
BACKGROUND　 Growing evidence have demonstrated that thyroid hormones have been involved in the processes of cardi-
ovascular metabolism. However, the causal relationship of thyroid function and cardiometabolic health remains partly unknown.
 
METHODS　 The Mendelian randomization (MR) was used to test genetic, potentially causal relationships between instrument-
al variables and cardiometabolic traits. Genetic variants of free thyroxine (FT4) and thyrotropin (TSH) levels within the reference
range were used as instrumental  variables.  Data for genetic  associations with cardiometabolic  diseases were acquired from the
genome-wide association studies of the FinnGen, CARDIoGRAM and CARDIoGRAMplusC4D, CHARGE, and MEGASTROKE.
This study was conducted using summary statistic  data from large,  previously described cohorts.  Association between thyroid
function  and  essential  hypertension  (EHTN),  secondary  hypertension  (SHTN),  hyperlipidemia  (HPL),  type  2  diabetes  mellitus
(T2DM), ischemic heart disease (IHD), myocardial infarction (MI), heart failure (HF), pulmonary heart disease (PHD), stroke, and
non-rheumatic valve disease (NRVD) were examined.
 
RESULTS　 Genetically predicted FT4 levels were associated with SHTN (odds ratio = 0.48; 95% CI = 0.04−0.82, P = 0.027), HPL
(odds ratio = 0.67; 95% CI = 0.18−0.88, P = 0.023), T2DM (odds ratio = 0.80; 95% CI = 0.42−0.86, P = 0.005), IHD (odds ratio = 0.85;
95% CI = 0.49−0.98, P = 0.039), NRVD (odds ratio = 0.75; 95% CI = 0.27−0.97, P = 0.039). Additionally, genetically predicted TSH
levels were associated with HF (odds ratio = 0.82; 95% CI = 0.68−0.99, P = 0.042), PHD (odds ratio = 0.75; 95% CI = 0.32−0.82, P =
0.006), stroke (odds ratio = 0.95; 95% CI = 0.81−0.97, P = 0.007). However, genetically predicted thyroid function traits were not as-
sociated with EHTN and MI.
 
CONCLUSIONS　Our study suggests FT4 and TSH are associated with cardiometabolic diseases, underscoring the importance
of the pituitary-thyroid-cardiac axis in cardiometabolic health susceptibility.

  

C ardiovascular diseases (CVDs) have long
been a leading cause of mortality world-
wide, causing 17.8 million deaths world-

wide in 2017.[1] Although the rate of CVDs is declin-
ing mostly in developed countries, the epidemic of
metabolic syndrome, type 2 diabetes, stroke and
other cardiometabolic diseases shows no sign of re-
mission which, remaining major contributors to mor-
bidity and mortality.[2]

Observational findings have shown that thyroid
hormones are involved in the occurrence and devel-
opment of cardiovascular diseases.[3–5] Meanwhile,
increasing evidence has shown that not only overt
and subclinical thyroid dysfunction but also variation
in normal range thyroid functions are associated
with a higher risk of CVDs.[6–9] The Rotterdam Study
reported that free thyroxine levels in elderly sub-
jects were positively associated with atherosclerosis
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throughout the whole disease spectrum, independ-
ent of cardiovascular risk factors.[10] The prevalence
of thyroid dysfunction increases as the aging of the
populations in the United States and other coun-
tries accelerates.[11] The relationship between thyroid
hormones and cardiometabolic health needs to be
further studied. However, the available evidence
from observational studies is susceptible to con-
founding or reverse causation bias, and the causal
relationship between thyroid function and cardi-
ometabolic diseases remains partly unknown.

Mendelian randomization (MR) used genetic
variants as proxies for the exposure of interest to
mimic a randomized controlled trial (RCT) where
genetic alleles are randomly assorted at conception.[12]

MR analysis builds on Mendel’s second law and the
fact that genetic variants are randomly distributed
at conception and thus unlikely to be related to pos-
sible confounders. Thus, it can provide evidence for
causality that is likely to be affected by confound-
ing or reverse causation when certain assumptions
are met. These genetic variants are robustly associ-
ated with the exposure of interest, are not associ-
ated with confounders of the exposure-outcome re-
lationship, and do not influence the outcome through
pathways other than the exposure of interest.[13]

Well-powered, genome-wide association studies
(GWAS) have identified hundreds of single-nucle-

otide polymorphisms (SNPs) associated with
thyroid hormone indices and cardiometabolic traits.
This makes it possible to test genetic and poten-
tially causal relationships between thyroid function
and cardiometabolic diseases through the MR ap-
proach.

Recent MR studies have extensively examined the
causal effects of thyroid dysfunction on atrial fibril-
lation (AF) and ischemic heart disease (IHD).[14]

Nevertheless, it remains partly unknown whether
thyroid dysfunction is a causal pathway of other
cardiometabolic diseases, such as HF and pulmon-
ary heart disease (PHD). Therefore, we performed a
two-sample MR analysis to examine whether free
thyroxine (FT4) and thyrotropin (TSH) levels have
causal associations with cardiometabolic diseases. 

METHODS
 

Study Design

The MR approach must satisfy three assump-
tions (Figure 1): first, the genetic variants selected as
instrumental variables (IVs) must be associated
with thyroid function traits; second, the genetic
variants must not be associated with any con-
founders; third, the genetic variants must be associ-
ated with cardiometabolic-related traits and events

 

Figure 1    Principles of MR analysis for thyroid traits and risk of cardiometabolic diseases outcomes and assumptions that need to
be met to obtain unbiased estimates of causal effects. Broken lines represent potential pleiotropic or direct causal effectsbetween vari-
ables that would violate MR assumptions. Three assumptions of MR: (1) genetic variants must be associated withthyroid traits; (2) ge-
netic variants must not be associated with confounders; (3) genetic variants must influence the risk of cardiometabolic traits and dis-
eases outcomes only through thyroid traits and not through any alternative pathways. MR: Mendelian randomization.
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only through thyroid function, not through altern-
ative pathways.[13] The second and third assump-
tions are known as independence from pleiotropy.
The study design of the present MR analysis con-
sisted of 11 outcomes of diseases, including essen-
tial hypertension (EHTN), secondary hypertension
(SHTN), hyperlipidemia (HPL), type 2 diabetes
mellitus (T2DM), ischemic heart disease (IHD),
myocardial infarction (MI), HF, PHD, stroke, and
non-rheumatic valve disease (NRVD). All studies
had been approved by a relevant ethics review
board. and participants provided informed consent. 

Selection and Validation of IVs

We selected the lead SNPs (P < 5 × 10−8) for all ge-
netic loci that have been shown to independently
associate with the thyroid function, including FT4
levels within the reference range and TSH levels
within the reference range as IVs from the largest
GWAS among individuals of European ancestry to
date. The validation of IVs can be found in the ref-
erence.[15] The r2 thresholds and p values of the IVs
are reported in Table 1 and eTable 1.[15,16]
 

Cardiometabolic Diseases and Data Sources

For disease outcomes, summary-level data were
extracted from the FinnGen consortium (https://
www.finngen.fi/fi) for EHTN (n =90,215), SHTN
(n = 74,711), HPL (n = 92,905), T2DM (n = 131,616),
PHD (n = 96,499), AF/AFL (n = 171,873), IHD (n =
96,499), and NRVD (n = 149,821) , respectivel;[17]

from the Coronary ARtery DIsease Genome wide
Replication and Meta-analysis (CARDIoGRAM)
plus the Coronary Artery Disease (C4D) Genetics
(CARDIoGRAMplusC4D) consortium for MI (n =
171 873);[18] from the Cohorts for Heart and Aging
Research in Genomic Epidemiology (CHARGE)
Consortium for HF (n = 23,821);[19] and from 17

studies including MEGASTROKE and NINDS-
SiGN (details in eTable 13) for stroke (n = 446,696).[20]

The diagnosis criteria, control selection principles,
and study characteristics for each cohort have been
described in more detail in the original articles.[17,18,21–26]

Details on GWASs from which we extracted sum-
mary-level data are presented in Table 2. The sum-
mary genetic associations datasets are reported in
the Supplement (eTable 3−eTable 12). 

Statistical Analysis
 

Linkage disequilibrium assessment and pleio-
tropy assessments

To verify that the SNPs selected in this study met
the assumptions 1 & 2, we examined the genetic as-
sociation with each thyroid function trait, further
measured linkage disequilibrium (LD) between all
the SNPs for the same thyroid function trait,[27] and
selected independent genetic variants for each
thyroid function trait.[12] We chose the variants with
the lowest P value for association with each thyroid
function trait if genetic variants were in LD; there-
fore, the SNPs selected did not violate the assump-
tion 2. All SNPs for the same thyroid function trait
showed a strong association (F-statistic > 10, the
strength of the instrument), thus meeting assump-
tion 1. We used MR-Egger regression to assess the
presence of pleiotropic effects on cardiometabolic
outcomes. Using the MR-Egger method, the effects
of SNPs upon exposure are plotted against their ef-
fects upon outcomes, and an intercept distinct from
the origin provides evidence for pleiotropic effects.[14]
 

Mendelian randomization analysis
The estimates of the causal effects of FT4 and TSH

on outcomes were analyzed using the inverse vari-
ance-weighted (IVW) method, which provides a
combined estimate of the causal estimate from each
SNP. IVW is equivalent to a two-stage least squares

 

Table 1    Description of instrument variables.

Instrument
variables Consortium or study Sample size Population Year

FT4 BHS, CHS, HBCS, KORA, NBS, Rotterdam Study, SardiNIA, SHIP/SHIP-
Trend, TwinsUK, ASKLEPIOS, CARLA, EFSOCH, Health2006, SardiNIA2 26,089 Europeans 2018

TSH
BHS, CHS, HBCS, KORA, NBS, Rotterdam Study, SardiNIA, SHIP/SHIP-
Trend, TwinsUK, ValBorbera, ASKLEPIOS, CARLA, EFSOCH, Health2006,
SardiNIA2

27,916 Europeans 2018

ASKLEPIOS: the Asklepios study; BHS: the 1994/1995 Busselton Health Survey; CHS: cardiovascular health study; EFSOCH: Exeter
Family of Childhood Health; HBCS: Helsinki Birth Cohort Study; SHIP: Study of Health in Pomerania; NBS: The Nijmegen Biomedical
Study.
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or allele score analysis using individual-level data
and is hence considered here as conventional MR.[28]

IVW could return an unbiased estimate in the ab-
sence of horizontal pleiotropy or when horizontal
pleiotropy is balanced. To account for directional
pleiotropy, we compared the results with three other
MR methods: MR Egger, weighted median, and
weighted mode; therefore, a consistent effect across
multiple methods strengthens causal evidence. De-
tailed information on these MR methods has been
described previously.[28–30] Finally, the MR-Egger re-
gression test was used to evaluate the pleiotropic ef-
fects.[14] Using the MR-Egger regression method, the
effect of IV on the exposure is plotted against its ef-
fect on the outcome, and an intercept distinct from
the origin provides evidence for pleiotropic effects.
The slope of the MR-Egger regression can provide
pleiotropy-corrected causal estimates.[14] In the
present MR analyses, median weighted and MR-
Egger methods were considered as sensitivity ana-
lyses for MR investigations with multiple genetic
variants.[28,31] Power calculations for MR were con-
ducted based on the website mRnd (http://cnsgen-
omics.com/shiny/mRnd/).

Two-sample MR analyses were conducted using
“TwoSampleMR,” an R package for such analyses.
It was performed using R version 4.0.3 (RStudio,
PBC, USA). We used the threshold of statistical sig-
nificance of P ≤ 0.003 (0.05/20) after Bonferroni cor-
rection. P ≤ 0.05 but above the Bonferroni corrected
significance threshold was considered suggestive of
evidence for a potential association. 

RESULTS
 

Validation of Selected SNPs and IVs

The characteristics of the selected SNPs for
thyroid function are presented in Table 1 and
eTable 1. All SNPs for the thyroid function showed
strong associations (F-statistic > 21.83, the strength
of the instrument), thus meeting assumption 1. To
examine assumptions 2 and 3, we tested whether
any of the selected SNPs were influenced by LD
and pleiotropy. None of the SNPs was found to be
in LD with each other (identified as r2 > 0.2) in the
same thyroid function trait. For associations
between thyroid function and cardiometabolic dis-
eases, intercepts from MR-Egger regression showed
that the observed results were not influenced by
pleiotropy (eTable 3). 

Thyroid Function and Cardiometabolic Diseases

The association between genetically predicted
thyroid function and cardiometabolic diseases is
displayed in Table 3 and Figure 2. Per SD increased
FT4 levels within the reference range were suggest-
ively associated with lower risk of SHTN (odds ra-
tio = 0.48, 95% CI = 0.04−0.82, P = 0.027), HPL (odds
ratio = 0.67, 95% CI = 0.18−0.88, P = 0.023), T2DM
(odds ratio = 0.80, 95% CI = 0.42−0.86, P = 0.005),
IHD (odds ratio = 0.85, 95% CI = 0.49−0.98, P =
0.039), and NRVD (odds ratio = 0.75, 95% CI =
0.27−0.97, P = 0.039), but not with EHTN (odds ra-
tio = 1.07, 95% CI = 0.84−1.60, P = 0.372), MI (odds
ratio = 1.00, 95% CI = 0.90−1.11, P = 0.986), HF

 

Table 2    Description of cardiometabolic diseases.

Outcomes Consortium or study Sample size Population Year
Essential Hypertension FinnGen 15,870/74,345 European 2020

Secondary hypertension FinnGen 366/74,345 European 2020

Hyperlipidaemia FinnGen 1,539/91,366 European 2020

T2DM FinnGen 17,616/114,000 European 2020

IHD FinnGen 10,739/96,499 European 2020

MI CARDIoGRAM and CARDIoGRAMplusC4D 43,676 /128,197 Trans-Ethnics 2018

HF CHARGE 2,992/20,829 Trans-Ethnics 2010

Pulmonary heart disease FinnGen 1,476/95,023 European 2020

Stroke MEGASTROKE 40,585/40,6111 European 2018

Non-rheumatic valve diseases FinnGen 3,108/75,137 European 2020

HF: heart failure; IHD: ischemic heart disease; MI: myocardial infarction; T2DM: type 2 diabetes mellitus; CARDIoGRAMplusC4D: the
Coronary ARtery DIsease Genome wide Replication and Meta-analysis (CARDIoGRAM) plus the Coronary Artery Disease (C4D)
Genetics (CARDIoGRAMplusC4D) consortium.
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(odds ratio = 1.20, 95% CI = 0.92−1.56, P = 0.181),
PHD (odds ratio = 0.97, 95% CI = 0.44−2.01, P =
0.871), and stroke (odds ratio = 0.97, 95% CI =
0.77−1.14, P = 0.496) after Bonferroni correction
(Figure 2 and eFigure 1−eFigure 8).

Regarding TSH, we observed that genetically pre-
dicted increased TSH levels were suggestively asso-
ciated with lower risks of HF (odds ratio = 0.82,
95% CI = 0.68−0.99, P = 0.042), PHD (odds ratio =
0.75, 95% CI = 0.32−0.82, P = 0.006), and stroke
(odds ratio = 0.95, 95% CI = 0.81−0.97, P = 0.007)
after Bonferroni correction, but not with other car-
diometabolic traits (Figure 2 and eFigure 1−eFigure 8).

MR power calculation (http://cnsgenomics.
com/shiny/mRnd) assuming a statistical confid-
ence level of 0.05, an R2 value equaling genus herit-
ability, and an effect size shown in eTable 1 sugges-

ted statistical power less than 80% for the associ-
ations of FT4 with SHTN but power greater than
80% for other significant associations. In addition,
the associations were consistent in sensitivity ana-
lyses that used the simple median and weighted
median methods (Table 3). The MR-Egger inter-
cepts from MR-Egger regression for each outcome
were centered at the origin with a confidence inter-
val including the null, suggesting no strong unbal-
anced horizontal pleiotropy (eTable 2). In leave-one-
out analyses, we found that no single genetic vari-
ants had an influential influence on the results for
cardiometabolic diseases. 

DISCUSSION

This study provides novel evidence that vari-
ations in thyroid function in the normal range are

 

Table 3    Mendelian randomization of thyroid function and cardiometabolic diseases.

Simple Weighted IVW

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value
FT4

　EHTN 1.09 (0.79,1.86) 0.384 1.04 (0.73,1.64) 0.662 1.07 (0.84,1.60) 0.372

　SHTN 0.45 (0.02,1.21) 0.075 0.47 (0.02,1.24) 0.081 0.48 (0.04,0.82) 0.027

　HPL 0.73 (0.15,1.59) 0.231 0.67 (0.13,1.18) 0.097 0.67 (0.18,0.88) 0.023

　T2DM 0.79 (0.34,0.98) 0.044 0.77 (0.34,0.91) 0.019 0.80 (0.42,0.86) 0.005

　IHD 0.83 (0.40,1.10) 0.108 0.82 (0.39,1.02) 0.058 0.85 (0.49,0.98) 0.039

　MI 0.99 (0.87,1.12) 0.871 1.02 (0.92,1.14) 0.647 1.00 (0.90,1.11) 0.986

　HF 1.18 (0.78,1.79) 0.435 1.17 (0.81,1.68) 0.401 1.20 (0.92,1.56) 0.181

　PHD 0.99 (0.32,2.95) 0.956 0.84 (0.23,1.96) 0.469 0.97 (0.44,2.01) 0.871

　Stroke 0.99 (0.78,1.24) 0.883 0.93 (0.68,1.03) 0.086 0.97 (0.77,1.14) 0.496

　NRVD 0.72 (0.19,1.16) 0.1 0.95 (0.39,2.00) 0.756 0.75 (0.27,0.97) 0.039

TSH

　EHTN 1.03 (0.82,1.40) 0.629 1.00 (0.77,1.30) 0.987 1.00 (0.82,1.19) 0.923

　SHTN 1.13 (0.36,4.81) 0.677 1.25 (0.45,6.27) 0.445 1.22 (0.62,4.03) 0.339

　HPL 1.04 (0.55,2.17) 0.805 0.95 (0.46,1.72) 0.718 1.01 (0.63,1.63) 0.946

　T2DM 0.97 (0.70,1.21) 0.572 0.97 (0.70,1.22) 0.578 0.98 (0.74,1.26) 0.786

　IHD 1.06 (0.82,1.60) 0.42 1.01 (0.74,1.40) 0.901 1.07 (0.94,1.45) 0.151

　MI 0.98 (0.90,1.05) 0.534 0.97 (0.90,1.05) 0.506 0.97 (0.92,1.02) 0.221

　HF 0.88 (0.66,1.17) 0.39 0.89 (0.68,1.17) 0.421 0.82 (0.68,0.99) 0.042

　PHD 0.84 (0.33,1.33) 0.245 0.77 (0.29,1.04) 0.065 0.75 (0.32,0.82) 0.006

　Stroke 0.94 (0.76,1.00) 0.043 0.95 (0.78,1.02) 0.085 0.95 (0.81,0.97) 0.007

　NRVD 0.97 (0.56,1.54) 0.781 0.99 (0.58,1.61) 0.897 0.94 (0.61,1.23) 0.419

AF: atrial fibrillation; AFL: atrial flutter; EHTN: essential hypertension; FT4: free thyroxine; HF: heart failure; HOCM: hypertrophic
obstructive cardiomyopathy; HPL: hyperlipidemia; IHD: ischemic heart disease; IVW: inverse-variance weighted; MI: myocardial
infarction; NRVD: non-rheumatic valve disease; PHD: pulmonary heart disease; SHTN: secondary hypertension; TSH: thyrotropin;
T2DM: type 2 diabetes mellitus.
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associated with cardiometabolic diseases. There
was no significant causal relationship found between
thyroid function and EHTN and MI.

To the best of our knowledge, this is the first MR
study to examine the causal relationship of genetic-
ally predicted thyroid function with SHTN, PHD,
HF and NRVD. Previous studies have found that
thyroid metabolism is closely related to glucolipid
metabolism.[32] However, an MR study observed
significant associations between TSH levels and
T2DM risk. there was also controversy in another
MR study.[33] In our study, we found a suggestive
association of genetically increased FT4 levels and a
lower T2DM risk. The MR results for thyrotropin in
this report are consistent with a previous study

finding that lower normal FT4 levels were associ-
ated with a higher risk of T2DM.[34]

Of further note, it has been found that thyroid
hormones have a direct effect on HMG-CoA expres-
sion and therefore might affect the functions of
physiologic, metabolic, molecular, and transcrip-
tional levels in the liver.[35] It has also been found
that cholesterol and low-density lipoprotein can be
reduced by L-thyroxine supplementation in eu-
thyroid subjects,[36] although the effects of exogen-
eous thyroxine may not necessarily be the same as
the genetically determined lifelong exposure of in-
creased thyroxine levels, which indirectly indicates
the association between thyroxine and lipid meta-
bolism.

 

Figure 2    Odds ratios for associations of genetically predicted higher standardized FT4 and TSH levels within the reference range
with cardiometabolic  diseases. EHTN: essential  hypertension;  HF:  heart  failure;  HPL:  hyperlipidemia;  LHD: ischemic heart  disease;
MI: myocardial infarction; NRVD: non-rheumatic valve diseases; PHD: pulmonary heart disease; SHTN: secondary hypertension; TSH:
thyrotropin; T2DM: type2 diabetes mellitus.
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As a cardiometabolic disease, it has been revealed
that hypertension was related to serum thyroid hor-
mone levels in both overt hypothyroidism and sub-
clinical hypothyroidism patients.[4,37] Nevertheless,
there have been conflicting results regarding the
correlation between thyroid function and hyperten-
sion in euthyroid adults.[38,39] An observational
study reported that serum TSH levels within the
upper reference range were associated with a higher
risk of hypertension.[38] In our study, we found that
genetically predicted FT4 levels were associated
with secondary hypertension but not with essential
hypertension, indicating that serum-free thyroxine
is a potentially important but overlooked cause of
hypertension.

Since hypertension, HPL and T2DM are common
risk factors for coronary artery disease, in previous
studies, low-normal thyroid function has been
proven to be associated with increased coronary
atherosclerosis, increased carotid intima media
thickness and increased severity of carotid plaque
burden.[40,41] Evidence from population studies on
the association between thyroid dysfunction and
CHD morbidity and mortality is conflicting, and
not all studies have shown a positive association.[5,42,43]

The inconsistency in the results of observational
studies may be due to differences in the popula-
tions as well as the durations of follow-up in the
various studies. In our MR analysis, the results sup-
port the possibility that lower FT4 levels within the
normal range were associated with a higher risk of
IHD but not MI. In a cohort of euthyroid men and
women (n = 2,173), a low baseline FT4 level was as-
sociated with a high risk of coronary artery calcium
(CAC) score progression over 4 years.[44] Although
the mechanism remains unclear, variations in
thyroid hormone status might have impacts on lip-
id metabolism, vascular remodeling, and endothelial
function.[45–47]

Apart from IHD, it is generally known that
thyroid function has interrelationships with the de-
velopment of heart failure on many facets. In this
study, genetically increased TSH levels showed a
suggestive association with a lower risk of heart
failure. Although excessive release of thyroxine
could cause increased left ventricular mass, im-
paired diastolic function and blood volume from ac-
tivation of the renin-angiotensin-aldosterone axis

and tachycardia,[48] our study results reflect a trend
that increased TSH levels within the reference range
may have relevant impacts on HF. The mechanism
may be related to the dynamic balance of thyroid
hormone in euthyroid subjects.

Furthermore, the evidence of the relationship
between thyroid function and the risk of stroke in
euthyroid subjects is rare in observational studies.
However, there were findings suggesting that
stroke is significantly associated with low serum
thyrotropin in patients with diabetes.[49] There was
no causal association between genetically predicted
thyroid function and ischemic stroke.[39] In our
study, we found a suggestive association of lower
TSH levels within the normal range with a higher
risk of stroke.

Moreover, we also analyzed associations between
thyroid function and PHD. Previously, pulmonary
artery systolic pressure levels were shown to be dir-
ectly related to the TSH value.[50] In our MR study,
genetically predicted increased TSH levels were as-
sociated with a lower risk of PHD. Since thyroid
hormones can enhance the alteration of the cardi-
ovascular system by modulating circulation and
peripheral vascular beds, they might mediate the
occurrence and development of PHD.[50] Combined
with our findings, evaluation of thyroid function in
PHD patients may be warranted. In addition, we
also found that genetically predicted increased FT4
levels were suggestively associated with a lower
risk of NRVD. Evidence that focuses on the associ-
ation of thyroid hormone levels and NRVD is rare.
An association between mitral valve prolapse
(MVP) and hyperthyroidism has been described in
adults.[51] However, there was also evidence show-
ing that no increase in MVP was present in the pre-
valence of euthyroid or hypothyroid disorders.[52]

Future studies are needed to clarify the mechan-
isms underlying these associations.

Our MR study supports that the previous associ-
ation of thyroid function and cardiometabolic dis-
eases in observationnal studies may be partly due
to residual confounding and reverse causality.
However, genetic variation has an important influ-
ence on different thyroid function setpoints for each
individual, resulting in bias in observational studies.
Therefore, a better selection of subjects, such as
standardized (regarding time of day) or multiple
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thyroid function measurements to define an indi-
vidual’s setpoint, would increase the power of fu-
ture research and help in the decision making of
whether euthyroid outliers should be treated ac-
cording to individual patients' normal values.

The present study has several strengths. First, we
systematically assessed the causal role of thyroid
function in the development of EHTN, SHTN, HPL,
T2DM, IHD, MI, HF, PHD, stroke, and NRVD. The
common limitation in previous observation studies
is the heterogeneity among individual studies that
used different thyroid function cutoffs, different
confounding factors for adjustment, and varying
disease definitions. Second, we used the data from
large genome-wide association studies and the MR
design, which might avoid bias from reverse causa-
tion and reduce confounding. 

LIMITATIONS
Nevertheless, there are several limitations merit-

ing consideration. First, MR has stringent core as-
sumptions. Although we selected SNPs at the level
of genome-wide significance and F statistics sugges-
ted a strong genetic association with thyroid func-
tion, our findings might be affected by weak instru-
ment bias. Second, the influence of genetic determ-
inants might be damped or buffered by compensat-
ory developmental processes, i.e., canalization.
Third, cardiometabolic diseases selected as out-
comes in our study may have overlap or interac-
tion on pathophysiological processes, so the associ-
ations between them may be further explored with
other statistical analyses, i.e., mediating effects ana-
lysis. Meanwhile, a series of cardiometabolic dis-
eases simultaneously included in our MR approach
may inevitably affect the power of analysis. Thus,
we cannot rule out that the lack of association with
those outcomes is due to insufficient power. Fourth,
the GWAS for all exposures was conducted in
people with normal thyroid function. Finally, it is
challenging to completely rule out an alternative
direct causal pathway for all MR analyses, particu-
larly for the thyroid function index determined by
both thyroid function and multiple genetic variants. 

CONCLUSIONS

In summary, we demonstrate that variations in
thyroid function within the normal range were

causally associated with cardiometabolic diseases,
including SHTN, T2DM, IHD, HF, PHD, stroke, and
NRVD, underscoring the importance of the pituit-
ary-thyroid-cardiac axis in heart failure and stroke
susceptibility. 
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