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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 of Study & Patients: The authors investigated the magnitude of the genetic and 
environmental determination of serum concentrations of free (f) T3, fT4, TSH and the fT4 x TSH 
product and their variation, in a large cohort of twin pairs. Female dizygotic & monozygotic twins 
(849 & 213 pairs, respectively) from the ‘Twins UK 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, the authors 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: The authors concluded 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. 
   
 
COMMENT
In 2002, Danish colleagues published the 
results of a fascinating study where they 
showed that the intra-individual variation 
in levels of thyroid function parameters 
(TSH & fT4) in healthy subjects had a 
much narrower range than population-
based ranges of normal thyroid function 
(Andersen, JCEM, 2002). This is important 
because the clinical management of thyroid 
functional disorders depends primarily on 
measurements of TSH & free T , and what 

appears abnormal (or subnormal) for a 
given individual may not necessarily be 
reflected in a designated population-based 
range.  
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In the present study carried out on an 
impressive large cohort of female dizygotic 
and monozygotic twins from the UK, the 
authors provide strong evidence that up to 
65% of both serum TSH and the 
‘fT4xTSH’ product derives from heritable 
contribution. The genetic component for 
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serum fT4 & fT3 appeared less important, 
with an estimated heritable contribution of 
39% and 23%, respectively. The authors 
concluded that, while there was a strong 
genetically determined set-point of the 
normal pituitary-thyroid axis, variation in 
serum fT4 & fT3 concentrations per se 
may be more driven by environmental 
effects than previously thought. 
The strength of the study is that it rested on 
the study of twins (both dizygotic and 
monozygotic) with a large sample size and 
detailed statistical modelling to determine 
estimates of heritabitlity. The principal 
weakness was that all participants were 
female. Also, the assumption that twin-
based results necessarily reflect the general 
population is reasonable, but not proved. 
In a commentary written on the same 
article by S. Mariotti (see Thyroid News), 
this author insisted on possible 
explanations based on genes specifically 
involved in the control of thyroid function, 
namely single nucleotide polymorphisms 
in TSH receptor and type 1 deiodinase 
genes (www.thyroidmanager.org - May 
2008). 

On a more clinical standpoint, the “free T4 
x TSH” product could perhaps be used to 
assess normalcy in patients, for instance 
before and during l-T4 replacement 
therapy. Let’s take an example. A young 
woman with thyroid antibodies is referred 
because she wishes to become pregnant 
after two previous miscarriages. She has a 
serum TSH of 3.7 mU/L and a low-normal 
free T4 of 9.0 ng/L (i.e. 32.93 for the 
‘ft4xTSH’ product). After receiving 25 µg 
of l-T4/day, fT4 increased to 12.2 ng/L and 
TSH decreased to 2.4 mU/L (i.e. 29.28 for 
the ‘fT4xTSH’ product). Increasing further 
the replacement dose to 50 µg of l-T4/day 
brings the serum ft4 up to 16 ng/L and the 
TSH down to 1.1 mU/L (i.e. a ‘fT4xTSH’ 
product of 17.6), a product value 
corresponding to the median value of a 
healthy female population of the same age 
range. Although this obviously needs to be 
tested in practice, the use of the product of 
TSH x free T4 could be a valuable tool to 
estimate normalcy in treated patients.  
 (Daniel Glinoer, M.D.; Ph.D.) 

 
 
 
See Figure below (Scatterplot of the 
FT4 x TSH product in monozygotic and 
dizygotic twin pairs)  
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