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Abstract OBJECTIVE : To evaluate the hypothalamus-pituitary-thyroid (HPT) axis in 
patients with subclinical thyroid dysfunction recently reported to have either 
symptoms or organ involvements with potential morbidity, in order to better dif-
ferentiate these patients with respect to controls.
PATIENTS Sixtythree patients with subclinical hyperthyroidism (HyperT), 
178 normal subjects (EuT) and 106 patients with subclinical hypothyroidism 
(HypoT) were enrolled; the groups presented normal thyroid hormone (FT4, 
FT3) levels and, respectively, reduced (HyperT), normal (EuT) and increased 
(HypoT) TSH levels. The negative feedback was simultaneously evaluated by 
multiple linear regression. 
RESULTS: The mean TSH, FT4 and FT3 levels were significantly different in 
the three groups. The negative correlation between thyroid hormones (FT4 and 
FT3) and TSH secretion was significant (p<0.001 in HyperT; p<0.01 in EuT; 
p<0.000001 in HypoT group). FT4 mostly contributed to the negative correla-
tion with TSH. 
The normal ranges of TSH values was accurately defined on the basis of the 
regression equation in the EuT group, due to the combining influence of both 
thyroid hormones (FT3 and FT4). No patient of the HyperT or HypoT group fell 
inside the range of estimated values of the normal group.
CONCLUSIONS: The HPT axis in patients with subclinical hyper- and hypo-thy-
roidism is significantly modified with respect to normal subjects. The status of 
the axis, as evaluated by the relationship between the three hormones (FT4, 
FT3, TSH) together considered, is characteristic of the normal or pathologic con-
dition. A reliable method based on the regression analysis is proposed to cor-
rectly evaluate the status of the HPT axis.
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Abbreviations
HPT   hypothalamic-pituitary-thyroid axis
HyperT   subclinical hyperthyroidism
EuT   normal subjects
HypoT   subclinical hypothyroidism
FT4   free thyroxine
FT3   free triiodiothyronine
TSH   thyrotropin
RIA   radioimmunoassay
x, y, z   three variables of the linear regression analysis model
a, b   slopes of the linear regression analysis model
c   intercept of the linear regression analysis model
R   multiple correlation coefficient
DF   difference between esteemed and measured TSH value
SD   standard deviation
SE   standard error

Introduction

The screening with ultra-sensitive thyroid function 
tests allows the identification of a great number of pa-
tients with clinically inapparent thyroid dysfunctions 
[1]. Many efforts have been made to develop guidelines 
to assist clinicians in the management of such patients 
[2]. The diagnosis of subclinical hyper- and hypo-
thyroidism is usually suggested when patients show 
normal free thyroid hormone levels and, respectively, 
undetectable or elevated TSH levels, in the absence of 
evident clinical symptomatology [2]. However, it has 
been recently reported that patients with subclinical 
thyroid dysfunctions may present either symptoms 
due to the disease or evidence of organ system involve-
ment and potential morbidity [3–10]. Since clinical 
evidence suggests to consider the subjects with bor-
derline thyroid abnormalities as patients at the initial 
stage of disease, the areas of uncertainty between the 
normal and abnormal function of hypothalamic-pitu-
itary-thyroid (HPT) axis are matter of continue debate 
to achieve a more accurate diagnosis [8–10].

The aim of the study was to investigate the nega-
tive feedback mechanism of the HPT axis negative 
feedback in patients with subclinical thyroid dysfunc-
tion (either hyper- and hypo-thyroidism), in order 
to better differentiate these patients with respect to 
normal subjects.

Material and methods

Sixtythree consecutive patients with subclinical 
hyperthyroidism (HyperT group), 178 normal subjects 
(EuT group) and 106 patients with subclinical hypo-
thyroidism (HypoT group) were enrolled in the study. 
All the patients were recruited in the outpatient of the 
Department of Internal Medicine. Subclinical hyper- 
and hypo-thyroidism were defined by the presence 
of normal thyroid hormone (FT4, FT3) levels and, 
respectively, reduced or increased TSH levels (with 
cut-off value of <0.04 and >3.8 µU/ml, respectively), 
in absence of clinically evident symptomatology. The 
normal subjects showed FT4, FT3 and TSH in the nor-
mal range of values; thyroid diseases or acute/chronic 
diseases (above all those involving the thyroid gland) 

were excluded by the history and clinical examination. 
No patient was receiving L-T4 therapy.

Determination of FT4 and FT3 levels was per-
formed by RIA (kit provided by IST-Medical Systems, 
Genoa – Italy) and TSH was determined by RIA (kit 
provided by Biochem Immunosystems, Milan – Italy). 
Normal range of FT4, FT3 and TSH was respectively 
8.0–20.0 pg/ml, 1.4–4.4 pg/ml and 0.4–3.8 µU/ml; 
inter- and intra-assay coefficients of variation were 
respectively 5.2–8.9%, 5.8–9.2% for FT4 and FT3 and 
4.2–7.8% for TSH.

Statistical analysis of the difference between 
mean hormonal values among groups was performed 
by the analysis of variance with Bonferroni’s t-test 
procedure.P<0.05 was assumed as significant. 

The relationship between two variables (FT4 and 
FT3, FT4 and TSH, FT3 and TSH) was evaluated by 
linear regression analysis, in each group of subjects. 
Moreover, the negative feedback between the thyroid 
hormones (FT4 and FT3) and TSH was simultane-
ously evaluated by multiple linear regression. Since 
FT4 is the main secretory product of the thyroid gland 
and the most part of FT3 derives from the peripheral 
conversion of FT4 to FT3 and considering that both 
hormones partecipate in negative feedback mecha-
nism on TSH secretion, the following three-variable 
model was used: z=ax+by+c, where x was FT4, y was 
FT3, z was TSH, a and b were the slopes and c was the 
intercept. The result of the multiple linear regression 
was plotted in a three-axis graphic, being TSH values 
on a logarithmic scale. For the EuT group, the solid 
volume included the 95.0% of the data (the volume be-
ing obtained moving the regression line in the three 
axis, until the 5.0% of the data fell outside the normal 
range).

In the multiple regression analysis, the multiple 
correlation coefficient (R) and the variance analysis 
indicating the F value and the significance level were 
calculated and applied. The single contribution of each 
regression parameter to the multiple regression analy-
sis was evaluated by the t-test: t=a/SEa, t=b/SEb, t=c/
SEc (SE=standard error). The 95.0% confidence inter-
val of the regression parameters was reported. The dif-
ference (DF) between the esteemed TSH value (as con-
sequence of the substitution of FT3 and FT4 values 
related to the subject in the corresponding equation) 
and the measured TSH value was also evaluated. The 
range of the difference was calculated as the interval 
between the mean±2 standard deviation (SD).

Results

Mean age (±SD) and female:male (F:M) ratio in 
the three groups were, respectively: 49.82±8.20 ys 
(F:M=42:21) in HyperT, 48.39±14.56 ys (F:M=101:
77) in EuT and 45.23±14.96 ys (F:M=77:29) in Hy-
poT group. The hormonal (FT3, FT4 and TSH) levels 
were, respectively: 3.01±0.69 pg/ml, 15.42±2.45 pg/ml 
and 0.20±0.07 µU/ml in HyperT (m±SD); 2.66±0.61 
pg/ml, 14.04±2.22 pg/ml and 1.79±0.73 µU/ml in 
EuT (m±SD); 2.45±0.61 pg/ml, 12.80±2.59 pg/ml and 

The hypothalamic-pituitary-thyroid axis in subjects with subclinical thyroid diseases: The impact of the negative feedback mechanism



294 Neuroendocrinology Letters No.4 August Vol.25, 2004 Copyright © Neuroendocrinology Letters ISSN 0172–780X   www.nel.edu 295Neuroendocrinology Letters No.4 August Vol.25, 2004 Copyright © Neuroendocrinology Letters ISSN 0172–780X   www.nel.edu

6.58±2.47 µU/ml in HypoT (m±SD) FT3, FT4 and 
TSH: HyperT vs EuT, EuT vs HypoT and HyperT 
vs HypoT all p<0.001, except EuT vs HypoT FT3 
(p<0.01) (fig.1).

As expected, the linear regression analysis showed 
that, in HyperT group FT4 was positively correlated 
to FT3 (p<0.05), FT4 were negatively correlated to 
TSH (p<0.001) and FT3 were negatively correlated 
to TSH (p<0.001). Similar results were present in the 
other two groups, respectively: in EuT group, FT4 was 
positively correlated to FT3 (p<0.01), FT4 was nega-
tively correlated to TSH (p<0.02) and FT3 was nega-
tively correlated to TSH (p<0.02); in HypoT group, 
FT4 was positively correlated to FT3 (p<0.01), FT4 
was negatively correlated to TSH (p<0.001) and FT3 
was negatively correlated to TSH (p<0.001) (data not 
shown). The multiple regression analysis allowed us to 
simultaneously evaluate the combined effects of both 
FT3 and FT4 on TSH secretion. A statistical negative 
significant correlation was found between thyroid 
hormones (FT4 and FT3) and TSH secretion, as repre-
sented by the respective equations, in the three groups 
(tab.1).

The regression line in HyperT, EuT and HypoT 
group was reported in fig.2.

The mean (±SD) difference between the esteemed 
and measured TSH (see material and methods) in 
the EuT group was 0.01±0.71 µU/ml, with a range 
(mean±2SD) of –1.41 <DF< +1.43 µU/ml. 

The FT4 and FT3 values of the subjects of HyperT 
and HypoT group were substituted in the equation of 
the EuT group. No patient with subclinical hyper- or 
hypo-thyroidism fell inside the above indicated DF 
range of EuT group. In particular, all estimated TSH 
values of HyperT patients resulted above the upper 
limit of the range (DF from the measured TSH> 
+1.43 µU/ml) (HyperT TSH was over-estimated by 
the EuT equation) and all patients of the HypoT group 
resulted under the lower limit of the range (DF from 
the measured TSH< –1.41 µU/ml) (HypoT TSH was 
under-estimated by the EuT equation). Six normal 
subjects with measured TSH levels between 3.1–3.7 
µU/ml exceeded the DF range (DF< –1.41µU/ml).

Paolo Falaschi, Antonio Martocchia, Antonella Proietti, Rosaria D’Urso, PhD, Serena Gargano, Franco Culasso, & Antonio Rocco

�
�
�
�
�

��
��
��
��
�����

�������

�

���

���

���

������
�������

�

�

�

�

�

�����
�������

� ��

�
� �

�
�

��

�

�

�

 Tabel 1 . The equations obtained by the multiple regression analysis between FT4, FT3 and TSH
 values, in normal subjects (EuT group) and in patients with subclinical hyper- (HyperT group) and hypo-thyroidism (HypoT group).

HyperT group: EuT group: HypoT group:

1) Equation:  

TSH=–0.008⋅FT4–0.030⋅FT3+0.42 TSH=–0.05⋅FT4–0.21⋅FT3+3.06  TSH=–0.31⋅FT4–1.23⋅FT3+13.54

2) Multiple regression analysis:
R= –0.46, F=8.04, p<0.001 R= –0.25, F=6.07, p<0.01 R= –0.50, F=17.00, p<0.000001
95% confidence interval for: 95% confidence interval for: 95% confidence interval for:
a= –0.015/–0.002 a= –0.099/–0.003 a= –0.015/–0.002
b= –0.054/–0.005 b= –0.384/–0.031 b= –0.054/–0.005
c= 0.308/0.535 c= 2.310/3.814 c= 0.308/0.535

3) The single contribution of each partial regression parameter: 
ta= –2.461 p<0.02 ta= –2.318 p<0.05 ta= –3.647 p<0.001
tb= –2.439 p<0.02 tb= –2.086 p<0.05 tb= –3.408 p<0.001
tc= 7.432 p<1⋅E–9  tc= 8.036 p<1⋅E–12  tc= 11.119 p<1⋅E–18

Fig.1.  Hormonal levels in patients with subclinical thyroid 
dysfunctions and in controls (mean ± standard deviation).
a = subclinical hyperthyroidism (n=63) 
b = control subjects (n=178)    
c = subclinical hyothyroidism (n=106)       
     *p<0.001, **p<0.01   
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Discussion

The study documented significant alterations of 
the hypothalamic-pituitary-thyroid axis in patients 
with subclinical either hyper- and hypo-thyroidism. 
In fact, besides the significant TSH difference between 
the patient groups and the normal subjects, both mean 
FT4 and FT3 levels were significantly different among 
groups. When HPT negative feedback is disrupted 
(as evidentiated by the suppressed or elevated TSH 
levels), rather than compensate, the status of thyroid 
hormone secretion (as revealed by FT4 and FT3 lev-
els) seems to be already significantly modified in the 
opposite way. The modified pituitary TSH secretion 
does not actually compensate the thyroid dysfunctions 
and the presence of the thyroid hormone levels in the 
normal range seems to be an insufficient, incomplete 
and, for some instance, uncorrect criteria. Similar re-
sults have been described in studies investigating the 
presence of organ system involvement and potential 
morbidity in the patients with subclinical thyroid dys-
functions [5, 7]. According to this evidence, in a recent 
paper, patients with subclinical hyperthyroidism had 
the same relative risk of atrial fibrillation compared 
to overt hyperthyroidism [8]. Indeed, a more accurate 
definition of normal HPT axis function may be the cor-
rect relationship between FT4, FT3 and TSH levels, as 
evaluated by the regression equations. The difference 
between the measured and esteemed TSH may be pro-
posed as a simple and reliable method to evaluate and 
quantify the status of HPT axis feedback. The regres-
sion equation in the control group may give additional 
informations about the TSH levels in normal condi-
tion. In fact, the above described equation reveals that 
the esteemed TSH level of 3.06 µU/ml (with a 95% 
confidence interval of 2.31–3.81 µU/ml) corresponds 
to a FT4 and FT3 secretion that paradoxically ap-
proximates the zero level. It is noteworthy to point out 
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Fig.2.  Thyroid hormone negative 
feedback in patients with 
subclinical thyroid dysfunction 
and in controls.  

a = subclinical hyperthyroidism 
(n=63) 
b = control subjects (n=178) 
c = subclinical hypothyroidism 
(n=106)

that even if the 3.06 µU/ml value of TSH is within the 
normal range of reference, as provided by the commer-
cial kits, it appears to be unequivocally not a normal 
value. At the same time, the 1.11 µU/ml value of TSH 
(comprised in the normal reference range) (with a 95% 
confidence interval of 0.36–1.86 µU/ml) identifies a 
FT4 value of 20.1 pg/ml and a FT3 value of 4.5 pg/ml, 
that are beyond the upper limit of normal range and, 
for this reason, not in the normal value.

In conclusion, the HPT axis in patients with clinical 
hyper- and hypo-thyroidism is modified with respect 
to normal subjects. The status of the axis, as evalu-
ated by the relationship between the three hormones 
(FT4, FT3 and TSH) together considered, appears to 
be characteristic of the normal or pathologic condi-
tion. The clinical spectrum from the normal to the 
subclinical thyroid hyper- or hypo-function seems to 
be discontinuous rather continuous. The absence of 
overlap between groups would individualize a par-
ticular area that we could define “inapparent thyroid 
dysfunction”. 

The criteria usually employed in clinical evaluation 
of subclinical thyroid dysfunction are not accurate. 
The difference between the measured and esteemed 
TSH (by the means of regression equation) may be a 
simple and reliable method to correctly evaluate and 
quantify the status of HPT axis feedback, in particu-
lar, in subjects with TSH values in the upper limit of 
normal ranges (>3 µU/ml). Evidence in the literature 
support the use of serum TSH concentration as the 
single test to detect abnormal thyroid function [11], 
but we want to emphasize that a more complete ap-
proach would be able to better define the status of the 
thyroid axis with important long-term consequence 
also in the era of cost effective medicine, since a more 
accurate diagnosis would avoid further expenses.
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