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Retinoids play an important role in the regulation of normal growth and development. Their biological action is mediated by

a nuclear receptor that belongs to the steroid/thyroid hormone receptors superfamily. Retinoic acid has been shown to inhibit

the secretion and synthesis of thyrotropin (TSH); however, little is known on the effects of retinoids on TSH secretion in

normal human subjects. In the present study, we evaluated serum TSH concentration following both vitamin A (vit A) and the

combined vit A and triiodothyronine (T3) administration. Basal and thyrotropin-releasing hormone (TRH)-stimulated TSH

serum concentratrions were measured in healthy young subjects in the following experimental conditions: (1) after 10 days

of treatment with vit A orally administered as retinol at a dose of 50,000 IU/d; (2) after 10 days of oral placebo (PL) treatment;

(3) after 1 hour from the administration of 40 mg T3 at the end of 10 days of PL treatment; and (4) after 1 hour from the

administration of 40 mg T3 at the end of 10 days of vit A treatment. Serum TSH concentrations were also measured during

vit A administration in healthy elderly subjects according to the following protocol: (1) after 10 days of treatment with PL; and

(2) after 10 days of treatment with vit A at the same dose used for young subjects. In young subjects, basal serum TSH levels

were found to be similar in the 4 different treatment conditions. In the same group of subjects, each of the 4 experimental

conditions induced an increase in serum TSH, which rose from basal values of 1.80 � 0.31 to a peak of 11.92 � 1.75 �IU/mL

(P < .001) during the PL treatment, from basal values of 1.81 � 0.22 to a peak of 10.81 � 1.00 �IU/mL (P < .001) during vit

A treatment, from basal values of 1.72 � 0.28 to a peak of 9.92 � 1.10 �IU/mL (P < .001) during PL � T3 treatment, and from

basal values of 1.79 � 0.30 to a peak of 9.51 � 1.12 �IU/mL (P < .001) during vit A � T3 treatment. The 2-way repeated measure

analysis of variance revealed no significant differences among treatments. In old subjects, basal serum TSH levels were

similar in the 2 experimental conditions and were not different from those observed in young subjects. In these subjects,

serum TSH levels increased significantly in response to the TRH stimulus from basal values of 2.16 � 0.3 to a peak of 10.27 �
0.55 �IU/mL (P < .001) during PL treatment and from basal values of 2.10 � 0.51 to a peak of 7.82 � 1.4 �IU/mL (P < .001)

during vit A treatment. No significant effects of treatment were found in this group of subjects on TRH-induced TSH levels;

however, TSH responses were somewhat lower during vit A treatment with a difference close to statistical significance. These

results suggest that TSH secretion is poorly affected by vit A administration in healthy human subjects; the data also indicate

that any cooperation between T3 and vit A is unlikely to occur in the regulation of TSH secretion.
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V ITAMIN A (VIT A) and its biologically active deriva-
tives, such as all-trans retinoic acid (atRA) and 9-cis-RA

play an important role on normal growth and development.1,2

The biologic action of retinoids is mediated by a nuclear
receptors that belongs to the steroid/thyroid hormone receptors
superfamily.3,4 In fact, RA receptors (RAR) regulate gene
transcription by binding to the specific DNA element called
RA-responsive element (RARE), located within the promoter
region of target genes.3 The RARE consists of a direct repeat of
the hexamer sequence (AGGTCA), which is identical to the
consensus half-site sequence for the binding site for thyroid
hormone receptor (TR).5,6 RAR binds to RARE as a het-
erodimer with 9-cis-RA receptor and with TR.3,7 RAR and TR
activate gene transcription through a common hormone-respon-
sive element, such as the palindromic thyroid hormone re-
sponse element (TRE).8 It is well known that thyroid hormones
(eg, triiodothyronine [T3]) are the major regulators of pituitary
thyrotropin (TSH) production9,10 and negatively affect pituitary
TSH secretion.11,12 All the above-described findings raised the
possibility that both retinoids and T3 cooperate in the regulation
of both TSH �-gene transcription and pituitary TSH secretion.
In fact, elevated pituitary TSH levels were found in vit A-de-
ficient rats as compared with vit A-sufficient animals,13 and vit
A deficiency has been shown to determine an increase in rat
pituitary TSH �-messenger RNA levels.14 Moreover, an in vivo
study demonstrated that atRA inhibits both basal and thyro-
tropin-releasing hormone (TRH)-stimulated TSH secretion in
both euthyroid and hypothyroid rats.15 Central hypothyroidism
has been reported in patients treated with high doses of a

retinoid X receptor-selective ligand for cutaneous T-cell lim-
phoma16; nevertheless, little is known of the role played by
retinoids on TSH secretion in normal human subjects. Of
particular interest is the study of the role played by retinoids in
elderly subjects in whom a deficiency in vit A has been re-
ported.17 For this reason in the present experiment, we studied
the effects of vit A administration on serum TSH levels both in
basal conditions and following a challenge with TRH stimula-
tion in both young and old healthy human subjects.

MATERIALS AND METHODS

Subjects

Eleven healthy young subjects, 6 males and 5 females, aged 28 � 0.9
years, with a mean body mass index (BMI) of 23.1% � 0.7% and 9
elderly subjects, 3 males and 6 females, aged 75.4 � 2.1 years and with
a BMI of 26.1% � 1.1% were studied. All subjects were nonsmokers,
had a low-caffeine intake, and took no medication. The presence of any
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concomitant endocrine disease was excluded in all subjects. The sub-
jects gave informed consent to the study, and the protocol was ap-
proved by the local ethical committee of the University of Parma.

Study Design in Young Subjects

All subjects were submitted to a challenge with TRH (2-minute
intravenous [IV] bolus injection of 200 �g TRH dissolved in 4 cc of
0.9% NaCl) with blood samples at –15, 0, 15, 30, 45, and 60 minutes
from the beginning of the injection. In each subject, the test was
performed on 4 occasions: (1) after 10 days of treatment with vit A
orally administered as retinol at a dose of 50,000 IU/d; (2) after 10 days
of oral placebo (PL) treatment; (3) after 1 hour from the administration
of 40 mg T3 at the end of 10 days of PL treatment; and (4) after 1 hour
from the administration of 40 mg T3 at the end of 10 days of vit A
treatment. The order of the test to be performed in each subject was
established according to a randomized, double-blind design. After
collection, blood was centrifuged, and serum was stored at –20°C for
TSH evaluation. Plasma was collected both before and after vit A
treatment and stored at –80°C for the evaluation of circulating vit A
levels.

Study Design in Old Subjects

All subjects were submitted to a TRH test according to the same
experimental procedures for young subjects. The tests were performed
according to a randomized, double-blind design on 2 different occa-
sions: (1) after 10 days of treatment with PL; and (2) after 10 days of
treatment with vit A at the same dose used for young subjects. Serum
and plasma samples were stored as for young subjects for the evalua-
tion of the same parameters.

Measurements of Circulating Levels of TSH and Vit A

Serum levels of human (h)TSH were measured with a sensitive
immunoradiometric assay with a sensitivity of 0.013 �IU/mL, defined
as the minimum concentration of hTSH, which can be distinguished
from the 0 �IU/mL standard. Plasma concentrations of vit A were
measured after extraction with ethanol and exane, by high-performance
liquid chromatography (HPLC) with ultraviolet (UV) detection at 280
nm18 with a Waters Simmetry C8 column (150 mm� 4.6 id) (Waters
Co, Milford, MA).

Each mesurement was performed in duplicate. The intra- and inter-
assay coefficients of variation were 3.4% and 5.6%, respectively, for
TSH evaluation and 5.6% and 6.7%, respectively, for vit A determi-
nation.

Statistical Analyses

A preliminary analysis with the Shapiro-Wilk W statistic test was
performed to determine whether the data conformed to a normal
distribution, and the homogeneity of variance was computed by
Bartlett’s test. Data were analyzed using a 2-way repeated measure
analysis of variance in which the effects of both time and treatment
were evaluated. If an F value was significant (P � .05), Student’s t test
was used to compare the mean values. Since data on vit A levels were
found to be not normally distributed, the effects of retinol administra-
tion on this parameter were evaluated by Wilcoxon signed rank test.

All statistical calculations were made using SPSS software (SPSS,
Chicago, IL).19 Values are expressed as mean � SE.

RESULTS

Results Obtained in Young Subjects

Plasma vit A levels were significantly increased in young
subjects after retinol treatment from a mean basal level of

2.48 � 0.05 to a mean treatment level of 2.61 � 0.07 �mol/L,
P� .05 by Wilcoxon test (data not shown).

Basal serum TSH levels were similar in the 4 different
treatment. In each of the experimental conditions, serum TSH
increased significantly in response to the TRH test (Fig 1).
Serum TSH increased from a basal value of 1.80 � 0.31 to a
peak of 11.92 � 1.75 �IU/mL (P � .001) during the PL
treatment and from a basal value of 1.81 � 0.22 to a peak of
10.81 � 1.00 �IU/mL (P � .001) during vit A treatment. When
the TRH-induced TSH response was evaluated after 1 hour
from the administration of T3, the levels increased from a basal
value of 1.72 � 0.28 to a peak of 9.92 � 1.10 �IU/mL (P �
.001) during PL treatment and from a basal value of 1.79 �
0.30 to a peak of 9.51 � 1.12 �IU/mL (P � .001) during vit A
treatment. The 2-way repeated measure anlaysis of variance
revealed, however, no differences among treatments, although
lower TRH-induced TSH responses were found after T3 ad-
ministration with or without concomitant vit A treatment.

The TRH-induced TSH responses were somewhat higher in
females as compared with male subjects, although the differ-
ence did not reach statistical significance. No significant effects
of sex were found in the responses of TSH to the different
treatments.

Results Obtained in Old Subjects

Plasma vit A levels were significantly increased in old sub-
jects after retinol treatment from a mean basal level of 2.46 �

Fig 1. Serum TRH-induced TSH concentrations evaluated in

young subjects after 10 days of treatment with either PL (Œ) or vit A

(�) and after 1 hour from the administration of 40 mg T3 at the end

of 10 days of treatment with either PL (�) or vit A (E). In each

treatment, TSH values were significantly (P < .001) increased above

baseline at each time point. The 2-way repeated measure analysis of

variance revealed no differences among treatments.
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0.10 to a mean treatment level of 2.57 � 0.12 �mol/L, P � .05
by Wilcoxon test (data not shown).

Basal serum TSH levels were similar in the 2 experimental
conditions and were not different from those observed in young
subjects. Serum TSH levels increased significantly in response
to the TRH stimulus (Fig 2) from a basal value of 2.16 � 0.31
to a peak of 10.27 � 0.55 �IU/mL (P � .01) during PL
treatment and from a basal value of 2.10 � 0.51 to a peak of
7.82 � 1.40 �IU/mL (P � .001) during vit A treatment. No
significant differences between young and old subjects were
demonstrated in TRH-induced TSH responses obtained after
PL treatment. No significant effects of treatment on TRH-
induced TSH levels were demonstrated in old subjects, al-
though TSH responses were somewhat lower during vit A
treatment with a difference in the comparison with PL treat-
ment close to the statistical significance.

Side Effects

No significant side effects were noted in either group of
subjects during vit A administration, although 3 subjects in the
young group and 1 in the old group, respectively, experienced
a mild headache in the last 2 days of treatment.

DISCUSSION

The results of the present study demonstrate that vit A
administration does not significantly affect either basal or
TRH-induced serum TSH levels in healthy human subjects.

The data also exclude any synergistic effect between vit A
and T3 in the inhibition of the TSH response to TRH. It has
been demonstrated that a single dose of T3 is able to moder-
ately, but significantly, inhibit TRH-induced serum TSH levels

in humans within 1 hour of its oral administration.12 When, in
our study, T3 was administered at the end of 10 days of PL
treatment, only a moderate, nonsignificant decrease in the TSH
response to TRH was detected. Analogously, no significant
changes in TRH-induced TSH levels were demonstrated fol-
lowing T3 administration at the end of 10 days of vit A
treatment. We believe that if vit A had any synergistic effect
with T3, a significant reduction in serum TSH should have been
demonstrated when T3 was administered at the end of vit A
treatment. On the contrary, our data suggest that no cooperation
occurs between vit A and T3 in the regulation of circulating
TSH levels in humans, although this hypothesis was tested in
our study only in young volunteers, due to the possibility that
T3 administration could be harmful to old subjects.

It is well known that both atRA and 9-cis-RA exert a sup-
pressive effect on the activity of the thyrotroph-specific TSH
�-subunit gene promoter,14,20,21 and although some reports
have demonstrated the lack of effects of in vivo vit A admin-
istration on the hypothalamo-pituitary-thyroid axis in experi-
mental animals,22 vit A deficiency has been shown to determine
an increase in both TSH �-messenger RNA, as well as TSH
content in rat pituitary.13,14 Recent studies have shown that the
parenteral administration of atRA in rats produces a blunting
effect on both basal and TRH-stimulated TSH levels.15 In 1999,
Sherman et al16 demonstrated that retinoid X receptor-selective
ligands lead to central hypothyroidism when administered at
high doses in a cohort of patients with cutaneous T-cell lim-
phoma, although no effects were found in patients affected by
other malignancies.23 Our results suggest that a reduction in
circulating TSH levels is unlikely to occur following oral vit A
administration in normal human subjects. Based on literature
reports, the possibility could be hypothesized that RA, but not
retinol, is able to reduce serum TSH levels. However, RA
represents a biologically active metabolite of retinol; therefore,
an exposure to the effects of RA is likely to be hypothesized in
our subjects. As in our study, vit A was given for 10 days, one
could hypothesize that the treatment period was too short for
any detection of retinol-induced hormonal effect. However, the
RA-mediated inhibition of TSH release was reported to occur
in rats after 14 days of treatment, a period only a few days
longer than that established in our protocol; moreover, the dose
of retinol used in our study was higher than the mean dose
usually needed for chronic vit A replacement in vit A-depleted
human subjects.

Literature reports demonstrate that TSH responses to TRH
administration are slightly, although significantly, higher in
women than in men.24 However, we found no differences
between sexes in TRH-stimulated TSH levels in any of the
different treatments, probably due, at least in part, to the vari-
ability of the data.

We did not find any significat difference in either basal or
TRH-stimulated TSH levels between young and old sub-
jects. Although contrasting data have been shown on the
effects of age on TSH secretion, our results are in agreement
with previous reports.25,26 Interestingly enough, we detected
a somewhat blunting effect of vit A on TRH-induced TSH
responses in old subjects. These results, however, did not
reach statistical significance, probably due, at least in part, to
the variability of the data observed in this group of subjects.

Fig 2. Serum TRH-induced TSH concentrations evaluated in old

subjects after 10 days of treatment with either PL (Œ) or vit A (�). In

each treatment, TSH values were significantly (P < .001) increased

above baseline at each time point. The 2-way repeated measure

analysis of variance revealed no differences between treatments.

693VITAMIN A AND TSH SECRETION



An age-related reduction in circulating levels of vit A have
been reported.17,27,28 In the present study, plasma levels of vit
A were found to be lower in old subjects, but without any
statistically significant difference in comparison with the young
group. However, the possibility of an upregulation of RA
receptors in old subjects, secondary to the lower circulating vit

A levels, and hence higher effects of vit A administration in
these subjects, cannot be ruled out.

In conclusion, the present study demonstrates the lack of effects
of vit A on TSH circulating levels in normal human subjects. Also,
these results suggest that no cooperation occurs between retinol
and T3 in the regulation of serum TSH concentrations.
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