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Thyroid hormones are highly pleiotropic and even minor
variations in thyroid function have been associated with
various adverse clinical outcomes in observational studies.
This has opened up discussions whether mild (subclinical)
thyroid dysfunction should be treated and whether refer-
ence ranges for thyroid function tests should be adapted.
However, observational studies are prone to various sources
of bias, including residual confounding, reverse causality,
and selection bias, which can affect their results and disrupt
their interpretation. It is therefore key to first assess whether
the reported associations are causal or not. While most of
the reported associations have not been verified by random-
ized controlled trials or experimental studies, Mendelian
randomization (MR) is a well-established and widely used
method to investigate causality. Its fundamental principle is
that genetic variants which alter an exposure that is causal
for the outcome of interest should also be associated with
this outcome to the extent corresponding to their effects
on the exposure (1). In this way, genetic variants are used
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as proxies to evaluate the causal effect of an exposure (eg,
thyroid function) on the outcome of interest. They draw
from the fact that genetic variants segregate randomly from
parents to offspring, which can be compared with the ran-
domization applied in clinical trials and allows potential
confounding to be overcome. However, this approach re-
quires several assumptions: the genetic variants used as in-
struments in MR analyses have to be associated with the
exposure, they have to be independent of confounders of
the exposure—outcome relationship, and their effects on the
outcome of interest have to be mediated solely by the ex-
posure under study. Consequently, any so-called horizontal
pleiotropic variants should be excluded as they can bias the
results of a MR analysis (1).

Up to 65% of the interindividual variation in thyroid
function is determined by genetic factors (2, 3). Recent
large-scale meta-analyses of genome-wide association
studies on thyroid function significantly increased the
number of genetic variants associated with normal-range
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thyrotropin (TSH) and free thyroxine levels, which paved
the way for well-powered MR studies (3, 4). Indeed,
various MR studies on thyroid function provided evi-
dence for causal effects on several classical thyroid hor-
mone dependent outcomes, such as atrial fibrillation
(AF), blood pressure, and serum cholesterol levels, which
confirms that this method is truly effective in detecting
causality (3, 6).

Besides providing evidence for causality, multivariable
MR (MVMR) analyses can also elucidate the pathophysio-
logical mechanisms behind the observed association by
simultaneously testing the effects of multiple factors on the
outcome of interest. In brief, factors that attenuate the effect
of the analyzed exposure on the tested outcome in a MVMR
analysis are considered as mediators for the causal relation-
ship between these 2 traits. Using this approach, AF was
identified as a mediator for the causal association between
variation in normal-range thyroid function and stroke (7).

In the current study, Shi et al. (8) used the MVMR ap-
proach to discover mediators for the causal relationship
between variation in normal-range thyroid function and
AF risk, next to the direct effects of thyroid hormone on
the heart. For this, several physiologically plausible medi-
ators were assessed in their study (eg, blood pressure, heart
rate, and various cardiac structure parameters). Correction
for height attenuated the effect of genetically predicted
TSH levels on AF risk from —0.12 (+x0.02) to —0.06 (+0.02)
change in log-transformed odds ratio (xstandard error) per
a standard deviation increase in TSH. In this way, height
was identified as the major independent mediator in the
causal association between variation in normal-range thy-
roid function and AF risk (8). This finding is in line with
well-documented effects of thyroid function on childhood
growth as well as with previous observational studies
showing that height positively correlates with AF risk.
Importantly, the authors subsequently showed that height
was not a mediator in the relation between thyroid func-
tion and AF when analyses were restricted to only those
TSH-associated genetic variants which are also related to
autoimmune thyroid disease. This supports the biological
plausibility of their findings, since autoimmune thyroid dis-
ease usually presents in adulthood far after the completion
of growth (8). The fact that the effects of genetically de-
termined thyroid function on AF risk are partly mediated
by height is not only interesting from a pathophysiological
point of view, but also from a clinical perspective: as height
is determined in early life, it is likely that correction of thy-
roid function in later life will not fully reverse the effects of
variation in thyroid function on AF risk described in obser-
vational studies.

This should be taken into account when weighing po-
tential benefits and drawbacks of treating subclinical

variations in thyroid function. Since well-powered random-
ized controlled trials will require a long follow-up period
and a large group of participants to detect the effects of
minor variations in thyroid function on long-term compli-
cations such as AF risk, the data on causality derived from
MR studies are likely to be the only relevant data avail-
able in the near future. For the height-independent part of
the effects of thyroid function on AF, future studies should
clarify whether a certain deviation in thyroid function due
to inherited genetic variants (lifetime exposure) has the
same effect on AF risk as a similar nongenetically deter-
mined (more sudden) shift in thyroid function.

In conclusion, the study by Shi et al. (8). illustrates how
a high-quality MR study followed by comprehensive sensi-
tivity analyses and an in-depth critical analysis of findings
can be a valuable and effective tool that not only allows
to assess causality, but also improves our understanding of
underlying modifiable and nonmodifiable pathways, with
potential clinical implications. Given the pleiotropic nature
of many other hormones, similar robust approaches should
also be used in other endocrine fields.
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