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SUMMARY 

Context: TSH is known to have a circadian rhythm but the relationship between this and any rhythm 
in T4 and T3 has not been clearly demonstrated. 
 

Objective: With a view to optimising thyroid hormone replacement therapy, the authors have used 
modern assays for FT4 and FT3 to investigate circadian rhythmicity. 
 

Design and subjects: Cross sectional study in 33 healthy individuals with 24 hour blood sampling 
(TSH in 33 and FT4 and FT3 in 29 individuals) and cosinor analysis. 
 
Results: 100% of individuals showed a sinusoidal signal in TSH, for FT4 76% and for FT3 86% 

(p<0.05). For FT4 and FT3 the amplitude was low. For TSH, the acrophase occurred at a clock time of 
0240 h and for FT3 approximately 90 minutes later at 0404h. The group cosinor model predicts that 
TSH hormone levels remain above the mesor between 2020 h and 0820 h and for FT3 from 2200 h to 
1000 h. Cross correlation of FT3 with TSH showed that the peak correlation occurred with a delay of 
0.5–2.5 hours. When time adjusted profiles of TSH and FT3 were compared, there was a strong 
correlation between FT3 and TSH levels ( =0.80, p<0.0001). In contrast, cross correlation revealed no 
temporal relationship between FT4 and TSH. 
 
Conclusion: FT3 shows a circadian rhythm with a periodicity that lags behind TSH suggesting the 
periodic rhythm of FT3 is due to the proportion of T3 derived from the thyroid. Optimising thyroid 
hormone replacement may need to take these rhythms into account. 
   
 
COMMENT
Circadian rhythmicity of TSH secretion in 
man was first described in Belgium 35 
years ago (Luc Vanhaelst et al., JCEM 
35:479, 1972). This writer still remembers 
vividly today that one of the co-authors 
had no TSH circadian rhythm (while all 
others did) and this was attributed to the 
fact that he was the only volunteer in the 
group of investigators who, at that time, 
was still doing night shifts in Hospital 
Saint Pierre. Fourteen years later, the 
pattern of pulsatility in TSH secretion was 
demonstrated (Susan Greenspan, JCEM, 
1986); these authors also showed that 
serum T4 or T3 concentrations were not 

closely associated with pulsatile TSH 
secretion. One year later, our colleagues 
from Pisa showed that TSH circadian 
rhythm was maintained in patients taking 
thyroxine (Luigi Bartalena, JCEM 1987). 
Finally, it was shown later that the 
pulsatile & circadian TSH secretion was 
predominantly controlled by hypothalamic 
TRH (Brabant, JCEM, 1991). 
In the present study, the authors 
investigated 33 healthy subjects aged 17-
57 years (with normal BMI; predominantly 
males). Blood sampling was carried out at 
20-min intervals, between 9 PM and 8.40 
AM the next morning. The results showed 
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a clear circadian rhythm for serum TSH 
and free T3 (peak from midnight to 6 AM; 
nadir from noon to 6 PM), but not for free 
T4. Furthermore, some subjects exhibited a 
strong rhythmic variation, while others 
showed only a very weak one. Rhythm 
analyses identified the changes in circadian 
TSH and free T3 concentrations to follow a 
single sinusoid curve. The serum free T3 
rhythm lagged behind that of TSH by 0.5 
to 2.5 hours (90 minutes on the average). 
Finally, there was a clear temporal 
correlation between time-adjusted free T3 
& TSH levels, strongly suggesting that 
variation in serum free T3 was determined 
by TSH. In this context, TSH could either 
stimulate directly T3 secretion from the 
thyroid (~15-20% of circulating T3) or, 
alternatively, increase peripheral tissue T4 
to T3 conversion (~80-85% of circulating 
T3). The authors indicated a preference for 
the first hypothesis, but this – in my 
opinion – would be difficult to reconcile 

with the fact that they measured free 
hormone levels (and not total T4 and T3) in 
their study.  
The biological importance of serum free T3 
circadian variation is not known and the 
clinical significance of any circadian 
rhythm in thyroid hormones remains to be 
established. With regard to the potential 
clinical implication of present results for 
replacement therapy (using L-T4 alone or 
l-T4/l-T3 in combination), the authors 
concluded that optimising thyroid hormone 
replacement may need to take these 
rhythms into account but, on the other 
hand, that it remains to be proven whether 
a more physiological replacement therapy 
administration scheme would be of any 
benefit to patients. This writer casts some 
doubt on the validity of the first 
assumption since variation in free T3 
shown here did not exceed 0.3-0.5 pMol/L.     
(Daniel Glinoer, M.D.; Ph.D.) 

 
See Figure below 
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