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Summary

Objective Thyroid hormone action influences many metabolic
and synthetic processes, but the degree of regulation attributed to
genes and environmental factors affecting normal variation remains
controversial.

Design We investigated the magnitude of the genetic and
environmental determination of serum concentrations of free (f) T3,
T4, TSH and the fT4 X TSH product and their variation, in a large
cohort of twin pairs. Female dizygous and monozygous twins (849
and 213 pairs, respectively) from the TwinsUK registry (mean age
45-5, range 18-80 years) were studied.

Results Comparison of thyroid parameters within various groups
showed no differences between smoking categories, and higher
serum TSH and lower fT3 in subjects with positive thyroid antibodies.
Using structural equation modelling, we estimated the heritable
contribution to serum thyroid parameters (with 95% confidence
intervals) to be 65% (58%—71%) for TSH, 65% (58%—71%) for the
fT4 X TSH product, 39% (20%-55%) for fT4 and 23% (3%—41%)
for fT3.

Conclusions We conclude that genetic regulation is a particularly
important determinant of TSH and the fT4 x TSH product, and is
a less important determinant of fT4 and fT3 concentrations in
Caucasian women. These data from a large well-characterized cohort
suggest that while there is a strong heritable contribution to serum
TSH, variation in fT4 and fT3 concentrations may be less explained
by genetic factors and more driven by environmental effects than
previously thought.
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Introduction

It has been recognized for some time that levels of thyroid function
parameters in healthy subjects show considerable interindividual
variability leading to wide (population-based) laboratory reference
ranges, whereas intra-individual variability has a much narrower
range.” This is important because clinical management of thyroid
conditions depends very much on estimations of serum TSH, free
(f) T4 and fT3 in relation to the reference range, and what is abnormal
for a given individual may not necessarily be abnormal according to
the designated reference range.” Furthermore, there is increasing
evidence that at the population level, small differences in thyroid
function are associated with differences in clinically important
parameters such as body mass index (BMI),*”® blood pressure’® and
the presence of atrial fibrillation.’

It appears therefore that each individual has a unique set point of
thyroid function. This is likely to be genetically determined (at least
in part), but there are limited data regarding the extent of genetic
influence on pituitary—thyroid axis function, and conflicting data
from published studies to date. Hansen et al. used structural equation
modelling (SEM) to determine the relative contributions of genetic
and environmental effects to phenotypic variance in a large study of
690 Danish twin pairs.'’ They determined that heritability was fairly
consistent across the thyroid parameters being responsible for 64%
of the variation of plasma TSH, 65% of fT4 and 64% of fT3. In an
earlier, much smaller study (30 twin pairs) Meikle et al. determined
that heritability accounted for 44% of the variation in plasma fT4."
In this study, heritability of plasma fT3 and TSH did not reach
significance and environmental influences were not examined. There
have also been family studies looking at heritability of thyroid hormone
traits. Martin ef al. studied the heritability of total T4 in 378 Mennonites
(112 families) from Kansas and Nebraska, using a path analysis
method and determined the genetic contribution to be 32%; however,
there was an environmental contribution of only 6%, leaving a very
high unexplained residual component.”” Samollow et al. examined
heritability in a family study in 1011 Mexican Americans (27 families)
using a pedigree-based likelihood approach to calculate residual
heritability which they determined to contribute approximately 32%
of the variance in TSH, 37% in fT4 and 67% in fT 3. Serum TSH and
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total T4 concentrations differ significantly between Mexican Americans
and white, non-Hispanic Americans,"* but it is not known whether
this reflects genetic or environmental differences, or both.

A key component of pituitary—thyroidal axis function is the
negative feedback effect of circulating thyroid hormones on TSH
secretion by pituitary thyrotrophs. In studies of individuals with
resistance to thyroid hormone (caused by mutations in thyroid
hormone receptor B), Yagi et al. showed that the product of serum
T4 and TSH concentrations provides a measure of the sensitivity of
the thyrotrophs to this negative feedback."” Recently, Ferndndez-Real
et al. applied the fT4 X TSH product to normal subjects as a measure
of thyrotroph T4 resistance, and showed a strong correlation between
the fT4 x TSH product and each of fasting triglycerides, high-density
lipoprotein cholesterol and endothelium-dependent vasodilatation.'®
There are, however, no published data on the extent to which the
fT4 x TSH product is genetically determined (other than in subjects
with the well-defined syndrome of thyroid hormone resistance).

Because of the uncertainty regarding the extent of the genetic
influence on pituitary—thyroid axis function, we analysed the heritability
of variation in serum TSH, fT4, fT3 and the fT4 X TSH product in a
large twin population from the UK using a classical twin study approach.

Subjects and methods

Subjects

The subjects were female twin pairs from St Thomas’ UK Adult Twin
Registry, a volunteer sample recruited through a national media
campaign in the UK without selecting for particular diseases or
traits. The initial sample contained 1291 twin pairs. Twins were 18—
80 years of age and were assessed for a range of clinical phenotypes
related to thyroid metabolism. Clinical data collected included age,
height and weight. General medical, gynaecological and lifestyle
questionnaires were completed at interview. Both twins attended for
interview, examination and blood sampling at the same time on the
same day. To minimize the confounding effects of thyroid disease,
we excluded participants (and their twins) who had a history of
thyroid disease and those whose results indicated undiagnosed
thyroid dysfunction with a high level of confidence: serum TSH less
than 0-1 mU/l, greater than 10 mU/l or greater than 6 mU/l with
positive thyroid peroxidase antibodies (TPOAD) (defined below).
This resulted in exclusion of 79 twin pairs. Subjects with mildly
reduced or increased serum TSH (between 0-1 and 0-4 mU/l or
between 4-0 and 6-0 mU/, respectively) were not excluded, as some
healthy subjects have serum TSH levels just outside the reference
range, and the pathological significance of a single measurement of
TSH just outside the reference range is not well established."”"*
Samollow et al. suggested in their study that there was increased
heritability of serum TSH in females with TSH values > 4-5 mU/I,
which may have been due to an inherited autoimmune component;13
however, our method of determining heritability allows us to adjust
for the presence of TPOAb and hence take account of this effect.
Subjects who were taking medications likely to influence serum thyroid
function or assessments were also excluded from the analysis; this
included subjects on thyroxine, antithyroid drugs, unspecified
anticonvulsants, phenytoin, carbamazepine or oral glucocorticoid
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treatment. This resulted in a further 87 twin pairs being excluded.
For purposes of the analyses, twins with missing data on BMI, age
or smoking category were unable to be analysed, resulting in the
exclusion of a further 63 twin pairs. Therefore, the final sample on
which all of the analyses could be performed was 1062 twin pairs [849
dizygotic (DZ) and 213 monozygotic (MZ)]. Zygosity was determined
by a standard questionnaire and by multiplex DNA fingerprinting
with variable tandem repeats. All subjects provided written informed
consent, and the study was approved by the Research Ethics Committee
of St Thomas’ Hospital and Sir Charles Gairdner Hospital.

Biochemistry methods

TSH, fT4, fT3 and TPOAb were measured on serum obtained
from blood samples taken at interview, by chemiluminescence
immunoassay on the Abbott Diagnostics Architect (Abbott Diagnostics,
North Ryde, Australia). The interassay coefficients of variation were
as follows: TSH, 3-8% at 0-25 mU/l, 4-7% at 5-3 mU/l; fT4, 4-8% at
10-5 pmol/l; fT3, 5:0% at 4-0 pmol/l and TPOAb 5-4% at 5-97 kU/L.
Intra-assay coefficients of variation were: TSH, 3-7% and 3-4% at 0-39
and 26 mU/], respectively; T4, 4-3% and 3-8% at 10-5 and 32 pmol/l,
respectively; f13,6-7% and 2-9% at 4-0 and 19-5 pmol/l, respectively;
and TPOADb, 9-0% and 7-9% at 27 and 195 kU/I, respectively. A
TPOAD titre of >6 kU/I was considered positive.

Statistical analyses

Thyroid measures in different groups were compared using a
generalized Wilcoxon test, modified to account for the dependence
between twin observations."’ Serum fT4 and fT3 were normally
distributed, whereas TSH and the fT4 X TSH product had skewed
distributions and were log transformed before subsequent quantita-
tive genetic analysis. Smoking status was classified as never smoked,
ex-smoker or current smoker.

Prior to variance component analysis, each thyroid trait was
adjusted for the remaining two thyroid variables and other known
covariates using Generalized Least Squares regression, which takes
into account the correlation between twins. Regression estimates
were obtained for the following covariates: TPOAD status, age, BMI,
menopause status, smoking status and resultant first order interac-
tions. Covariates were assessed for collinearity, and the less significant
of two collinear variables removed accordingly. This resulted in
elimination of menopause status in the analysis, due to its high
correlation with smoking status in this data set. Backward stepwise
elimination with an exit threshold P-value of 0-1 was applied in the
model refinement. Intraclass correlations (ICC) for fT4, fT3, InTSH
and In(fT4 x TSH) were calculated using the adjusted residuals.
Statistical analyses were performed using the r statistical computing
program version R-2-4-1 (http://CRAN.R-project.org).

Twin data analysis

The classical twin study is based on the assumption that MZ twins
share identical genotypes while DZ twins share on average 50%
of their segregating genes. Therefore, if a particular trait is more
concordant in MZ than DZ twins, it is likely to be caused by genetic
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Table 1. Comparisons of TSH, free T4, free T3 and the thyrotroph T4 resistance index within antibody status, smoking status and zygosity classifications

TSH Free T4 Free T3 fT4 x TSH
n Median (quartiles)  P-value Mean (SD) P-value  Mean (SD)  P-value Median (quartiles) P-value
Antibodies  No 1769 1-20 (0-87, 1-62) < 0-001 13-68 (1:70)  0-319 3.94 (0-57) <0-001 16:23 (11-67, 22:21) < 0-001
Yes 355 171 (1-16, 2:65) 13-49 (1-94) 3.78 (0-54) 23-43 (15-26, 34-44)
Smoking Never 1953 1-26 (0-89, 1-75) 0-394* 1364 (1-74) 0-414% 3:92 (0-57) 0-577% 17-06 (11-99, 23-93) 0-226%
Ex- 42 1-02 (0-81, 1-49) 13-70 (1-77) 3.92 (0-43) 13-85 (11-61, 19-20)
Current 129 126 (1-02, 1-82) 1376 (1-80) 3-87 (0-50) 17-65 (13-06, 23-43)
Zygosity MZ 426 124 (091, 1-75) 0-938 13-61 (1-77)  0-526 3-82 (0-55) 0-001 17-02 (12-56, 22:52) 0-877
Dz 1698 1-26 (0-89, 1:76) 1366 (1-74) 3-94 (0-57) 17-07 (1191, 24-12)

*P-value for comparison of current smokers with those who have never smoked. P-values from all tests comparing current with ex-smoker groups,

or ex-smokers with never-smoked, were all greater than 0-05.

factors. Initial indication of this was obtained by looking at ICC,
which should be higher in MZ than DZ twins if genetic factors are
important. More extensive and quantitative analysis was obtained by
SEM.”**" SEM is a method of estimating genetic and environmental
contributions to phenotypic variance. The sources of variance are
designated ‘A’ for additive genetic influences (the sum of the additive
effects of all alleles that influence the trait), ‘D’ for non-additive
genetic influences (interactions with and between loci such as
dominance and epistasis), ‘C’ for common environmental variation
(environmental influences shared by family members) and ‘E’
for unique environmental influences (environmental sources of
difference between family members). A and D form the genetic
contribution which is expected to differ between MZ and DZ twins
for a trait under genetic control while the environmental contributions
of C and E are expected to be the same.

The significance of these four components was tested using a
maximum likelihood approach: the fully specified ACE or ADE
models were compared with the nested submodels AE, CE or DE,
and E, respectively, with model selection guided by the difference in
Xz between models and the Akaike Information Criterion (AIC). The
model with the lowest AIC (XZ —2 X degrees of freedom) reflects the
best balance between goodness-of-fit and parsimony (fits a model
with as few parameters as possible to the data). Estimates of variance
components and their 95% confidence intervals (CI) were obtained
from the best fitting model.

The basic genetic model for variance components, which assumes
equal means and variances in the MZ and DZ groups, was applied
to the adjusted residuals for InTSH, In(fT4 X TSH) and fT4. A
significant mean difference in the adjusted fT3 values was detected
between the zygosity groups, and this was accounted for directly by
fitting a zygosity-dependent means model for variance components.
This analysis was performed using the ‘Mx’ statistical program.””

Results

Descriptive statistics

The mean age of the twins studied was 45-5 £ 12-4 years (mean + SD).
Mean BMI of the twins was at the upper level of normal 25-2 kg/ m’,

while mean height (1-63 £ 0-06 m) and weight (66-4 + 12-8 kg) were
consistent with values expected from a population sample of UK
women. The median serum TSH concentration was 1-:26 mU/l, and
the 2-5 and 97-5 centiles were 0-42 and 3-63 mU/I, respectively.
Comparisons of thyroid variables within various groupings showed
no differences between smoking categories and significantly higher
serum TSH and lower fT3 in the antibody-positive compared with
the antibody-negative group (Table 1). When the groups were
compared according to zygosity, there was no difference in serum
TSH or fT4; mean fT3 was significantly higher in DZ than MZ twins
(3-94 vs. 3-82 pmol/l, P < 0-001), but the magnitude of the difference
was small and was adjusted for in the final heritability analysis (see
above).

The Spearman rank correlations between the thyroid hormone
parameters were 0-215 for fT3 vs. fT4 (P < 0-001),—0-130 for T4 vs.
TSH (P <0-001) and 0-060 for fT3 vs. TSH (P =0-006). Table 2
shows the regression coefficients for fT3, fT4, InTSH and
In(fT4 x TSH), which were used to adjust the residuals used in
calculation of heritability estimates. Regression coefficients of the
interaction terms were also used for adjustment and are also shown.

Intraclass correlations

The ICC for InTSH, In(fT4 X TSH), fT4 and fT3 are presented in
Table 3. The ICC are all significantly different from zero (P < 0-001).
The MZ correlations were significantly higher than the DZ
correlations for InNTSH (P < 0-001), In(fT4 x TSH) (P < 0-001), fT4
(P <0-001) and fT3 (P = 0-015). This suggests a genetic influence on
each of these thyroid hormone traits, which is visually represented
in scatter plots in Fig. 1.

Biometric analysis

The results of the biometric analysis are presented in Table 4. We
evaluated the genetic component of variation of each thyroid
phenotype by way of fully specified ACE and ADE models, and all
possible simplifications thereof. For each of fT3 and T4, a fully
specified ACE variance components model provides a significantly
better fit to the data than any of the simpler models (P < 0-05 for all
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Table 2. Regression analysis results (co-efficients and P values) for thyroid variables free T3, free T4, InTSH and In(fT4 x TSH)

Free T4 X antibodies

—0-036 (0:019)

—0-408 (0-008)
—0-011 (0-040)

Free T4 X age —0-002 (< 0-001) -
Free T4 x BMI —0-005 (< 0-001) -
InTSH X antibodies ns

InTSH X age ns

Antibodies X smoking ns ns
Age x smoking ns

0-026 (0-026)*

—0-:049 (0-001)
—0-001 (0-028)
ns

0-260 (0-016)*
ns

Free T3 Free T4 InTSH In(fT4 x TSH)
Main effects
Free T3 - 2:584 (< 0-001) ns 0-261 (< 0-001)
Free T4 0-280 (< 0-001) - ns -
InTSH ns ns - -
Antibodies ns 2:571 (< 0-001) 1011 (< 0-001) 0-338 (< 0-001)
Age 0-014 (0-063) 0-078 (< 0-001) 0-020 (0-004) 0-016 (< 0-001)
BMI 0-070 (< 0-001) 0-204 (< 0-001) 0-008 (< 0-001) 0-008 (0-010)
Smoking —0-101 (0-040)" ns ns ns
Interactions
Free T3 X free T4 - - 0-024 (0-022) -
Free T3 X InTSH - 0-236 (0-056) - -
Free T3 X antibodies - —0-402 (0-015) ns ns
Free T3 X age - —0-013 (0-009) ns —0-003 (0-084)
Free T3 x BMI - —0-050 (< 0-001) ns ns
Free T4 X InTSH 0-028 (0-009) - - -

0-262 (0-016)*
ns

ns, not significant, P > 0-1; —, not in the fitted model.

*Comparison of current smokers to those never smoked. The difference between ex-smokers and never-smoked was not significant.

Table 3. Intraclass correlations for INTSH, In(freeT4 x TSH), free T4 and free
T3 concentrations

Phenotype vz 95% CI I'nz 95% CI P-value*
In(TSH) 0-63 0-55-0-71 0-30 0-24-0-36 <0-001
In(fT4 x TSH) 0-62 0-53-0-70 0-31 0-25-0-37 <0-001
Free T4 0-61 0-52—-0-69 0-43 0-37-0-48 <0-001
Free T3 0-58 0-48—-0-66 0-46 0-40-0-51 0-015

*P-value from the test of equality for ry, and r,,.

comparisons with nested models), while for InTSH, the AE model
is the optimal choice, with no significant loss of fit when compared
to the ACE model (P> 0-1).

Additive genetic effects explained 65% (95% CI 58%—71%) of the
total variation in serum TSH concentration, whereas unique
environmental effects explained 35% (29%—42%). The situation was
different for fT3 and fT4, where common environmental effects were
significant, even after the removal of known covariate effects.
Genetic effects accounted for only 23% (3%—-41%) of the variation
in fT3, whereas for fT4, they accounted for 39% (20%—55%). Unique
environmental effects were predominant in explaining 43% (35%—
52%) of the variation in fT3, and 37% (31%—45%) for fT4. Using
this analysis for the fT4 X TSH product, the AE model provides the
best fit, suggesting that genetic effects account for 65% (53%—-71%)
of variation and unique environmental effects 35% (29%—42%).

© 2007 The Authors

Discussion

Using SEM in a large twin cohort, we conclude that serum TSH
concentrations and the fT4 X TSH product exhibit a strong genetic
influence, with an estimated heritability of 65%, whereas heritability
is less for fT4 and fT3, at 39% and 23%, respectively. With regard to
TSH, our results are consistent with those of Hansen et al. in which
heritability of serum TSH was estimated at 64%'’ but differ from
the study of Samollow et al.” in which it was only 32%. By contrast,
our estimate of heritability of fT4 is broadly consistent with those
of Samollow et al.”” and Meikle et al.'" (in which fT4 heritability was
37% and 44%, respectively) as well as that of Martin et al.”? in which
heritability of total T4 was estimated at 32%. This is, however, not
consistent with the data of Hansen et al."’ in which heritability of
T4 was 65%. With regards to fT3, the estimate of heritability in our
study is much lower than reported either by Hansen et al. (64%) or
Samollow et al. (67%).

The reasons for the conflicting results between these various
studies are not clear. Differences in study design may contribute, as
the analyses of Samollow et al.”” and Marin et al."> were pedigree
based and of Mexican Americans and Mennonites, respectively,
whereas our study and that of Hansen et al.'’ were of Caucasian twin
pairs. The methods we used were similar to those used by Hansen
et al., yet we detected a greater influence of common environmental
effects on variance in serum fT3 and fT4 concentrations. There may
have been greater power in our study to detect common environ-
mental effects due to its larger size. The nature of this environmental
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influence is not clear, but there are several possibilities. First,
Denmark (the setting of the study of Hansen et al.) is an area of
iodine deficiency, whereas the UK is believed to be iodine sufficient.
Similarly, there may be differences in selenium intake between the
two populations. While the evidence for the influence of this trace
element on thyroid function is not as convincing as that for iodine,
there is some evidence to suggest severe deficiency may affect thyroid
hormone levels.” Second, approximately half of the Danish twins
were smokers compared with only approximately 6% of UK twins.
Smoking has complex effects on thyroid function,”** and differences
in smoke exposure might account for some of the difference
observed. Third, all of our study subjects were female, and there
may be common environmental influences unique to females. There
may well be other environmental influences that cannot be readily
determined using this study design.

We found a strong genetic influence of the fT4 x TSH product,
with heritability estimated at 65%, which was identical to TSH alone.
This has been proposed as a measure of thyrotroph sensitivity to
fT4 negative feedback, and is considered a less complex but still
meaningful way to quantify this relationship compared to correlating
serum fT4 with TSH," although this may be an oversimplification
of the relationship. This is a key component of pituitary—thyroid axis
function, and might be expected to exhibit a strong genetic influence.

Having said that, fT4 X TSH product as a measure of thyrotroph
sensitivity is derived from studies of patients with thyroid hormone
resistance”” and has so far received limited attention in euthyroid
subjects without this syndrome;'® so it may be premature to draw
definitive conclusions regarding its significance. Nevertheless, our
data suggest a strong heritable component to its variance.

Our results suggest that variation in serum TSH concentrations
is under a stronger genetic influence and a lesser environmental
influence than fT4 and fT3. Physiologically, this is consistent with
the observation that serum fT4 and particularly fT3 levels are subject
to many sources of variation from many different tissues. Serum
levels are affected by the action of the three iodothyronine deiodinase
enzymes, two of which (D1 and D2) are activating and the other (D3)
inactivating. These enzymes have tissue-specific distributions and
are differentially regulated by a wide range of factors, and hence their
activity reflects the needs and availability of thyroid hormone in
particular tissues.””® This is particularly the case for fT3, due to its
lower serum concentration and the fact that the majority of serum
fT3 is produced from deiodinase action in the liver, kidney and
skeletal muscle rather than by thyroidal secretion.” It is therefore,
perhaps, not surprising that fT3 demonstrates the lowest degree
of heritability and the strongest environmental influence of the
parameters examined.
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Genetic components

Environmental components

Goodness-of-fit

Model fit comparison

Model A D C E X df P AIC Compare to Ay’ Adf P
InTSH

1.ACE 065 (0-54-0-71) - 0-00 (0-00—0-00)  0-35 (0-29-0-42) 813 3 0-043 213 - - - -
2.ADE 048 (0-23-0-69) 0-19 (0-00—0-46) — 0-33 (0-27-0-40) 615 3 0105 015 — - - -
3.AE 0-65 (0-58-0-71) — - 0-35 (0-29-0-42) 813 4 0-087 013 1 0 1 >099
4.CE - - 0-36 (0-31-0-41)  0-64 (0-59-0-69)  52:06 4 0-000 4406 1 4393 1 0-000
5.E - - - 1 19510 5 0-000 18510 1 186-96 2 0-000
6.DE - 0-69 (0-63-0-74) — 0-31 (0-26—0-37) 1978 4 0-001 1178 2 1363 1 0-000
Free T3  Analysis incorporating means

7.ACE 023 (0-03-0-41) - 0-34 (0-22-0-47)  0-43 (0-35-0-52) 1112 5 0952 -888 - - = -
8.ADE  0-65 (0-60—0-70) 0-00 (0-00—0-00) — 0-35 (0-30-0-40) 2836 5 0000 1836 - - - -
9.AE 0-65 (0-60—0-70) — - 0-35 (0-30—0-40) 2836 6 0000 1636 7 27-24 1 0-000
10.CE - - 0-48 (0-43-0-52)  0-52 (0-48-0-57) 594 6 0430 -6:06 7 482 1 0-028
11.E - - - 1 281:33 7 0-000 267-33 7 280-21 2 0-000
12.DE - 0-00 (0-00-0-00) - 1-00 (1-00-1-00) 281-33 6 0-000 26933 8 25297 1 0-000
Free T4

13.ACE 0-39 (0-20-0-55) - 0-24 (0-12-0-37)  0-37 (0-31-0-45) 2:01 3 0571 -399 - - - -

14. ADE 0-68 (0-61-0-73)  0-00 (0-00-0-06) — 0-32 (0-27-0-38)  16:31 3 0001 1031 - - - -
15.AE  0-68 (0-62-0-73) — - 0-32 (0-27-0-38)  16:31 4  0-003 831 13 1430 1 0-000
16.CE - - 0-47 (0-42-0-52)  0-53 (0-48-0-57) 1674 4  0-002 874 13 1473 1 0-000
17.E - - - 1 28540 5 0-000 27540 13 28340 2 0-000
18.DE - 0-68 (0-62-0-73) — 0-32 (0-27-0-38)  79:38 4 0-000 71-38 14 6307 1 0-000
In(fT4 x TSH)

19.ACE 0-65 (0-53-0-71) — 0-00 (0-00—0-00) 0-35 (0-29-0-42) 857 3 0036 2:57 - - - -

20. ADE 0-54 (0-30-0-70) 0-12 (0-00—0-39) — 0-33 (0-27-0-41) 773 3 0052 173 - - - -
21.AE  0-65(0-58-0-71) - - 0-35 (0-29-0-42) 857 4 0-073 0-57 19 0 1 > 099
22.CE - - 0-00 (0-00—0-64) 1-00 (0-36—1-00) 198-:38 4  0-000 190-38 19 191-81 1 0-000
23.E - - - 1 198-38 5 0-000 18838 19 189-81 2 0-000
24.DE - 0-69 (0-63—0-74) — 0-31 (0-26—0-37) 2549 4 0000 17-49 20 1777 1 0-000

95% CI are given in parentheses. A small %° and large P-value indicate goodness-of-fit to the data; a low Akaike Information Criterion (AIC) indicates the
best balance between goodness-of-fit and parsimony. Ay, the difference in % between the full model and submodel; df, degrees of freedom.

Best fitting model is given in bold.

The genes responsible for variation in pituitary—thyroid axis set
points between individuals are not well established. Single nucleotide
polymorphisms in the TSH receptor and type 1 deiodinase genes are
reported to be associated with differences in serum TSH and the
serum T3, respectively,28 and it is plausible that polymorphisms in
these and other relevant genes such as thyroid hormone transporters
and receptors account for some of the interindividual variability in
pituitary—thyroid axis function. Hansen et al. investigated the
influence of an identified polymorphism in the TSH receptor gene:
Asp727Glu which has been shown to influence serum TSH levels,
however, found its effect to be small, accounting for 0-91% of the
total phenotypic variance of serum TSH levels.” Further discovery
and investigation of related polymorphisms may increase our under-
standing of genetic regulation of pituitary—thyroid axis function.

The importance of a genetically determined individual set point
is becoming clearer. There is increasing evidence that small differ-
ences in thyroid hormone levels are associated with clinically important
outcomes. Large studies have shown an association between T4 or
TSH, even within the reference range and BMI*™° (although some

© 2007 The Authors

.30 7.8 31,32
have not shown an association™), blood pressure,” cholesterol

and insulin sensitivity.'® Subclinical hyperthyroidism has been
shown to influence clinical outcomes such as occurrence of atrial
ﬁbrilla'[ion,”*35 cardiovascular risk’® and bone densi'[y,37’38 while
subclinical hypothyroidism has been shown to influence atherosclerosis
and cardiovascular risk,”‘40 and serum cholesterol.*™* A better
understanding of the genetic influences on pituitary—thyroid axis set
points could potentially lead to a better understanding of subclinical
thyroid dysfunction and clarify whether small differences in thyroid
function between euthyroid individuals are indeed risk factors
for disease.” There are few studies which show that normalization
of thyroid hormone levels by treatment of subclinical thyroid disease
can change these outcomes. Further research is needed before
a change in clinical practice relating to subclinical disease may be
prescribed.

The strengths of this study include its large sample size and
detailed statistical analysis to determine estimates of heritability. The
principal weakness of the study is that all participants were female.
Although there is little evidence that pituitary—thyroid axis function

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical Endocrinology, 68, 652—659
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differs between females and males (in the absence of thyroid disease,
to which females are more prone), it cannot be assumed that the
results apply to males. As with all twin studies, our study relies on
the assumption that MZ twins are not treated more similarly than
DZ, as this may marginally overestimate the genetic influence. We
are also assuming that the twin population is a reasonable reflection
of the general population in terms of thyroid function; however,
there is no reason to suggest this is not the case.”’ Certainly, the
median, 2-5 and 97-5 centiles for TSH were broadly similar from
those reported from large community- and population-based
studies."***

In conclusion, we find that genetic factors are an important
determinant of pituitary—thyroid axis function, particularly serum
TSH and the fT4 X TSH product, but less so for fT4 and fT3
concentrations. Further research is needed to determine which
genes are responsible for these important aspects of endocrine
homeostasis.
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