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THYROID AS ATARGET FOR NUTRITIONAL INTERVENTIONS - PLENARY LECTURE
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Thyroid activity is influenced by both food amount and composition. It is affected by protein to carbohydrate ratio, fat composition and level of dietary
cholesterol. The role of thyroid hormone in the regulation of metabolism implies the necessity of taking into consideration the relationship between nutrition

and thyroid activity in the design for nutritional interventions

HYPOTHALAMUS - PITUITARY — THYROID AXIS

Hypothalamus — pituitary — thyroid (HPT) axis is com-
posed of hypothalamic peptide thyrotropin releasing hor-
mone (TRH) stimulating the secretion of pituitary thyrotro-
pin (TSH) which in turn acts on thyroid to enhance thyroid
hormone synthesis by inducing iodide and aminoacid up-
take, as well as thyroglobulin (Tg) and thyroid peroxidase
(TPO) synthesis. Thyroid peroxidase is a key enzyme in
thyroid hormone biosynthesis catalysing iodide oxidation,
iodination of thyrosine residues of thyroglobulin and cou-
pling of iodothyronines [Dunn & Dunn, 2001]. The main
hormone secreted by thyroid is 3,3°,5,5’-tetraiodothyronine
(T4). In target tissues T4 undergoes 5’ deiodination of outer
ring to metabolically active 3,3”,5-triiodothyronine (T3) or
inner ring 5-deiodination to inactive 3,3°,5’- triiodothyro-
nine (reverse-T3). Three types of deiodinases differing in
specificity catalyse 5 and 5’ deiodination (type I), 5’ de-
iodination (type II) and 5 deiodination (type III). Hepatic
iodothyronine deiodinase type I (DI) catalyses both outer
and inner ring iodothyronine deiodination yielding meta-
bolically active triiodothyronine and inactive reverse triio-
dothyronine. It is considered to be responsible for the cir-
culating T3 level [Bianco et al., 2002]. Thyroid hormones
fasten the feed back loop in HPT by inhibiting synthesis of
TRH and TSH.

THYROID ACTIVITY IN BODY WEIGHT
REDUCTION

Thyroid hormones regulate multiple points of me-
tabolism stimulating such diverse processes as energy
expenditure and deposition, growth and differentiation.
The influence of thyroid hormones on metabolic rate due
to their effect on adenosine triphosphatase activity, mito-
chondrial biogenesis and uncoupling protein expression

subordinate HPT axis activity to reciprocal regulation by
the amount of food consumed. Fasting or shortage of en-
ergy supply elicit adaptation in physiology of hormones
of HPT leading to diminution of energy expenditure.
This adaptive process contributes to major obstacles
in successful weight loss. Changes in HPT axis com-
prise decrease in TRH and TSH synthesis [Blake ef al.,
1991], decline in TSH, as well as total and free T4 and
T3 plasma concentrations [van Haasteren et al., 1996].
Our study conducted in obese and overweight women
revealed the dependence of thyroidal response during
weight reducing treatment on the magnitude of energy
deficit produced either by energy intake equal to 80% or
50% of calculated total energy expenditure [Koztowska
& Rosotowska-Huszcz, 2004]. Twenty percent energy
deficit caused a decrease in T3, T4 and TSH serum con-
centrations, an increase in T4/TSH, but did not affect fT4
and fT4/T4. Concomitantly decline in BMI, percent body
fat (fm%), serum leptin concentration and Lep/fm ratio
were observed. Increase in energy deficit from 20% to
50% provoked greater decline in thyroid hormone serum
concentration, however significant changes were not ob-
served with regards to fT4 level and fT4/T4 ratio. This
effect could be due to both considerable interpersonal
variability in fT4 serum concentration and to influence
plasma free fatty acids, usually elevated during energy
restriction because of enhanced lipolysis. Triiodothyro-
nine serum concentration and T3/T4 ratio diminished
in stepwise manner dependent on the magnitude of en-
ergy deficit. The relation between HPT axis and leptin
was suggested by positive correlation between TSH and
leptin level, however, observed only after 50% energy
deficit treatment. Predictive significance of TSH serum
concentration and T4/TSH ratio for success in weight re-
ducing therapy could be concluded from direct relations
of these starting values with changes in fm% evoked by
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treatment. Our study indicating direct relation between
decline in thyroid activity and the magnitude of energy
restriction implies that smaller energy deficit should be
recommended because it causes minimal decrease in
metabolic rate during weight loss.

In order to suppress the decline in metabolic rate dur-
ing the weight reducing treatment increase in physical ac-
tivity is recommended. The influence of enhanced energy
expenditure on thyroid activity was examined in the studies
performed both in humans and animals. Thyroid hormone
metabolism has been suggested to be stimulated by physi-
cal exercise [Balsam & Leppo, 1975; Katzeff et al., 1988;
Katzeff & Selgrad, 1991]. However, the effects of acute
exercise and chronic enhancement of physical activity usu-
ally were not separated. Exercise trained male Wistar rats
have been shown to reveal energy economizing adapta-
tions such as suppression of cold induced thermogenesis
[Richard & Arnold, 1987] and brown adipose tissue (BAT)
activity [Larue-Achagiotis et al, 1995]. They were also
stated to reduce their total energy expenditure [Richard et
al., 1989].

We studied the influence of exercise training intensity on
thyroid activity at rest in male Wistar rats trained on tread-
mill at different intensities [Rosotowska-Huszcz, 1998b].
The five schedules of training were applied: exercise at the
speed of: 20 m/min was performed over a 5-week period
with different frequency: 2x60 min, 3 — 4x60 min, 4 — 6x20
min, 5 — 6x40 min and 6 — 6x60 min weekly. Thyroid peroxi-
dase activity was decreased in groups trained 240 min and
360 min weekly, T, plasma concentration in all trained
groups and T, only in groups exercising 120 min weekly.
Hepatic 5°DI activity and 1T, plasma concentration were not
affected by training. Thus, exercise training in rats has been
shown to elicit diminishing in TPO activity and T, plasma
concentration at rest without changing hepatic 5°DI activity
and T, and 1T, plasma concentrations. Fall in T, plasma con-
centration, observed in rats trained with the lowest intensi-
ties, could be treated as a transitional effect in adaptation to
chronic exercise. Diminishing in TPO activity at rest could
contribute to the energy conservation trends in trained rats
observed by others [Richard & Arnold, 1987; Richard et al.,
1989; Larue-Achagiotis ef al., 1995].

Similar conclusions to ours could be drawn from the
studies regarding the influence of exercise on thyroidal
iodine uptake. They revealed a decrease in iodine uptake
in trained rats and humans [Rhodes, 1967; Hooper et al,,
1980]. Rats exercising spontaneously were found to store
only half as much iodine in the thyroid as did the nonex-
ercising controls with the amount of exercise and amount
of iodine being negatively correlated [Rhodes, 1967]. This
effect has been suggested to be connected with depression
of thyroid activity or increase in thyroid hormone produc-
tion and release.

The adaptative response of thyroid to increase in energy
demand and/or energy deficit clearly indicates that dietary
strategies aiming at body weight reduction ought to be com-
bined with enhancement of physical activity, however, the
energy deficit produced by both should not exceed certain
limits.

THYROID AND DIETARY PROTEIN TO
CARBOHYDRATE RATIO

Thyroid activity responds not only to starvation and
amount of food consumed but also to changes in macronu-
trient and several micronutrient supply. Realimentation with
diets of various macronutrient proportions has been shown to
restore thyroid activity after period of starvation with different
efficacy. In humans only diets containing carbohydrates, pure
or mixed with protein, were able to increase T, and decrease
1T, plasma level [Azizi, 1978]. However, in rats similar ef-
fects gave refeeding with protein and carbohydrates [Burger
et al., 1980]. Triiodothyronine plasma level has been shown
to increase with carbohydrate to protein ratio in diet [Small-
ridge et al., 1982; Rosotowska, 1998a]. whereas the oppo-
site was found for T, concentration [Smallridge et al., 1982;
Rosotowska, 1998a]. In our study performed on male Wistar
rats fed different protein and carbohydrate levels direct rela-
tion of TPO activity with protein intake and inverse relation
with carbohydrate intake was demonstrated [Rosotowska,
1998a]. It suggests a decrease in thyroid activity on low pro-
tein diets. This is consistent with data showing a decline in the
uptake of iodide [Florsheim et al., 1970], a fall in the thyroid
hormone secretion rate [Singh ef al., 1971] and the existence
of ultrastructural changes in thyroid revealing hypothyroidism
[Worthington ef al., 1975] under conditions of protein malnu-
trition. Hepatic DI activity was found to be directly related to
carbohydrate intake [Rosotowska, 1998a]. This could confirm
the stimulating effect of carbohydrate on hepatic 5’deiodin-
ation found by others [Gavin ef al., 1988].

The low protein — high carbohydrate diet is commonly
used in conservative therapy of chronic kidney disease in at-
tempt to retard the rate of renal function decline. Hypothal-
amo—pituitary-thyroid axis activity is affected in many ways
in CKD, including TSH secretion and clearance [Lim et al.,
1993], decline in both total and free T, and T, plasma con-
centrations [Docter et al., 1993], decreased hepatic uptake of
T, and diminished peripheral T, to T, conversion [Lim et al.,
1993]. Thyroxine binding by thyroxine binding globulin is
usually reduced, which is attributed to the presence of inhibi-
tors [Oppenheimer et al., 1982], although their role has never
been proven. We investigated the influence of 8 weeks of a
low protein diet (0.6 g/kg body weight daily) treatment on
pituitary—thyroid axis activity in patients with estimated cre-
atinine clearance 39.5+11.1 mL/min [Rosotowska-Huszcz et
al., 2005]. Unlike the effects of low protein — high carbohy-
drate found in humans and animals with normal renal func-
tion, treatment evoked an increase in T, and total and free T,
serum concentrations. Changes in hormonal levels induced
by therapy were related to starting values of hormonal and
renal function indices. Changes in T,, T, and fT, serum con-
centrations as well as calculated peripheral deiodinase activ-
ity correlated negatively with their baseline values. Subjects
with lowest initial T,, T,, fT, and deiodinase activity had the
best response to the diet. Lower initial TSH was associated
with a greater increase in T, concentration. Moreover, the
effect of a low protein diet on thyroid hormone level was not
seen in patients with normal initial hormone concentration.
Triiodothyronine level after treatment correlated negatively
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with baseline urea level. Changes in T, and T,/TSH were in-
versely related to vegetal protein intake. This could indicate
the influence of protein nutrition in CKD on thyroid sensitiv-
ity for TSH stimulation.

The effects of low protein diet on HPT axis in CKD could
reflect diminishing in inflammation and uremic toxin level.
Inflammatory cytokines, like TNF-alpha, have been shown
to inhibit thyroid activity and deiodinase gene expression
[Davies et al., 1997; Tang et al., 1995]. Uremic toxins im-
pair thyroid hormone metabolism influencing their cellular
uptake [Lim, 2001].

THYROID ACTIVITY AND DIETARY LIPIDS

Thyroid hormones regulate lipid metabolism, influenc-
ing fatty acid synthesis [Blenneman et al., 1992] and oxi-
dation [Germack et al., 1996], lipolysis [Jackson-Hayes et
al., 2003], cellular uptake of cholesterol and transformation
into bile acids [Ness & Lopez, 1995]. A reciprocal influence
of fatty acids on thyroid activity has been demonstrated at
several points of the thyroidal axis and thyroid hormone me-
tabolism. The first effect identified was the displacement of
thyroid hormones by fatty acids from plasma binding pro-
teins [Hollander, 1964]. Further studies corroborated and ex-
panded data concerning competition between free fatty acids
and thyroid hormones in binding plasma proteins [Lim et al.,
1995]. Fatty acids have also been shown to interfere with
binding of T, to nuclear receptors [Thurmond et al., 1998;
Yamamoto et al., 2001] as well as influencing T, receptor
number and activity [Noel-Suberville ef al., 1998]. Effects of
dietary fat on plasma thyroid hormone level [Takeuchi et al.,
1995], TSH secretion [Kennedy et al., 1994], TPO activity
[Rosotowska-Huszcz et al., 2001] and T, to T, conversion
[Chopra et al., 1985] have been also found.

In the studies conducted on male Wistar rats we exam-
ined the effects of feeding diets differing in level (5, 10, 20%
w/w) and composition of fats as well as the level of choles-
terol. Thyroid peroxidase activity was found to be directly
related to docosahexanoic and eicosapentanoic acid intakes
[Rosotowska-Huszcz & Lachowicz, 2004], but also higher
in rats fed palm oil than lard, rapeseed and sunflower oils
[Rosotowska-Huszcz et al., 2001]. This is in agreement with
the results obtained by others [Makino et al, 2001] who
showed protective effects of methyl ester of eicosapentha-
noic acid before destruction of thyroid tissue provoked by
treatment with goitrogen. Docosahexanoic acid has also
been found to stimulate TSH release in rats [Clandinin ef al.,
1998]. However, other results also suggest the involvement
of n-6 polyunsaturated fatty acids in the stimulation of thy-
roid activity. The endogenous ligand of peroxisome prolif-
erator activated receptor y (PPARy) — 15-deoxy-A'>"-PGJ,
(15d PGJ,) — a product of arachidonic acid metabolism was
shown to facilitate the synthesis of thyroglobulin in a func-
tional rat epithelial cell line [Kasai et al., 2000]. On the other
hand, PPARY has recently been found to promote differentia-
tion of thyrocytes and demonstrate anticancer activity in the
thyroid [Frohlich et al., 2005]. Taking into consideration the
similar mode of regulation of thyroglobulin and TPO gene
transcription [Espinoza et al., 2001], 15dPGJ, might repre-

sent an intermediate in the signaling pathway by which poly-
unsaturated fatty acids affect TPO level. Rather astonishing
stimulating influence of palm oil on TPO activity could be
attributed to the high content of palmitic acid present in this
oil and the role of palmitic acid in TSH receptor function-
ing which is dependent on the palmitoilation [Tanaka et al.,
1998].

Hepatic DI activity in our studies was directly related to
docosahexanoic and archidonic acid intakes [Rosotowska-
-Huszcz & Lachowicz, 2004]. This could be due to stimulat-
ing effect of n-3 fatty acids on liver T, receptor expression
[Noel-Suberville ez al., 1998] since T, was found to upregu-
late DI gene expression [Bianco et al., 2002].

Effect of higher level of cholesterol on thyroid activity in
our studies depended on the kind of dietary fat. It increased
TPO activity in rats fed butter, fish oil or standard diet,
whereas it did not influence TPO activity in rats receiving
rapeseed, sunflower and grape seed oils or lard [Sotowska &
Rosotowska-Huszcz, 2004].

CONCLUSIONS

Results of our studies prompted us to conclude that the
amount of fat consumed and its composition influence thy-
roid activity, thus affecting various points of thyroid hor-
mone metabolism including synthesis, deiodination, binding
to plasma proteins, and presumably cellular uptake.
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