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Summary

OBJECTIVE Severe selenium deficiency has been docu-
mented in northern Zaire, already known as one of the
most iodine deficient regions in the world and character-
ized by a predominance of the myxoedematous form of
cretinism. This has been attributed to the double defi-
ciency of essential trace elements. A short selenium
supplementation programme was conducted in this area
to evaluate the effects of a selenium supplementation on
thyroid diseases.

DESIGN Placebo or selenium 50 ug as selenomethionine
was administered once daily for 2 months. Blood and urine
samples were collected before and after supplementation.
PATIENTS Fifty-two healthy schoolchildren from northern
Zaire.

MEASUREMENT Selenium status, thyroid function and
urinary iodide were determined.

RESULTS After 2 months of selenium supplementation,
mean+SD serum T4 decreased from 731+454 to
48:3+ 237 nmol/l (P <0-001), serum FT4 from 118+ 67 to
8-4+41 pmol/l (P<0:01), and serum rT3 from 124+ 115 to
90+ 72 pmol/l (P<0-05), without significant change in
serum T3 and serum TSH.

CONCLUSION Deiodinase type | which has been shown to
be a seleno-enzyme could account for the changes in
thyroid hormones in our subjects. Our data show that
selenium plays a definite role in thyroid hormone metab-
olism in humans. Selenium could be an important cofactor
in the clinical picture of iodine deficiency in Central Africa
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and could be involved in the aetiology of both forms of
cretinism.

Severe selenium deficiency has been described recently in
severe iodine deficient areas of Zaire, Central Africa (Eastern
Zaire, Goyens et al., 1987; Northern Zaire, Vanderpas er al.,
1990). It has been proposed that selenium deficiency could
intervene in the physiopathology of endemic myxoedema-
tous cretinism (Goyens er al., 1987), which is especially
frequent (85% of all cases) in central Africa, as compared to
neurological cretinism (Lagasse er al., 1980).

Selenium deficiency causes a deficiency of glutathione
peroxidase, which detoxifies hydrogen peroxide (H,0;) in all
tissues and may also catalyse the reduction of lipid hydro-
peroxides (Virion et al., 1984; Cohen & Hochtein, 1963). In
the thyroid, H,0; is the oxidant substrate for the iodination
of thyroglobulin; its synthesis is stimulated by elevated TSH
(Corvilain et al., 1988). The hypothesis has been proposed
that an excess of H,O; in a stimulated gland and a lack of
H,0;-detoxifying enzyme could contribute to the involution
of the gland (Goyens et al., 1987), as observed during the first
years of life in myxoedematous cretinism (Vanderpas ef al.,
1986).

It has also been shown in animal experiments that
selenium deficiency enhances protein iodination in the
thyroid gland (Golstein et al., 1988) and inhibits the type 1
deiodinase (Beckett er al., 1987, 1989; Arthur et al., 1988,
1989) resulting in both cases in an increased circulating
serum T4.

A selenium supplementation trial has been conducted in
northern Zaire, in order to determine the effect of correction
of the lowered selenium states that we have described
(Vanderpas et al., 1990). The aim of the present paper is Lo
document the changes in serum thyroid hormones in the
non-cretinous subjects of our earlier study. The evolution of
the same parameters in cretins has been previously published
(Contempré et al., 1991a).

Subjects and methods

In 1988, a selenium supplementation trial was conducted in a
group of 52 schoolchildren living in the heart of the northern
Zaire endemic goitre arca; it consisted in the administration
of one tablet of selenium (50 ug selenium as selenomethio-
nine/day orally) or of placebo during 2 months. Thereafter,
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Table 1 Upper part, comparison of the selenium status and the thyroid function before and after 2 months selenium supplementation
(50 pg selenium as selenomethionine/day orally). Lower part, before and after 2 months placebo supplementation. *P <0-05; **P <0-01;

***P<0:001. NS not significant

Before selenium After selenium Paired Normal range
supplementation (n=23) supplementation t-test (Belgium)
Selenium status
Serum selenium (nmol/1) 3434190 944 + 285 o 650-2500
rbe-GPX(U/gr Hb) 30419 58422 O 9-20
Thyroid function
Serum T4 (nmol/l) 731 £454 4834237 et 58-160
Serum FT4 (pmol/l) 11'8+67 84441 oy 10-26
Serum T3 (nmol/l) 2051048 2:24 4045 NS 1:4-3:0
Serum T3 (pmol/l) 124 +115 90172 . 140-540
Serum TSH (mU/1) 96 (7-0-13-1) 7:2(56-9-3) NS 0-2-10
Before placebo After two months paired Normal range
(n=22) placebo t-test (Belgium)
Selenium status
Serum sclenium (nmol/1) 328+ 157 489 1245 ‘ 650-2500
rbe-GPX (U/gr Hb) 36+30 38430 NS 9-20
Thyroid function
Serum T4 (nmol/l) 54-8 4351 55-1+380 NS 58-160
Serum FT4 (pmol/l) 77+50 80+5S NS 10-26
Serum T3 (nmol/l) 1-73+0-57 1-49 £ 051 NS 14-30
Serum rT3 (pmol/1) 95+ 66 78455 NS 140-540
Serum TSH (mU/1) 16:7 (1-8-151) 19-0 (1-6-221) NS 0:2-10

rbe-GPX is red blood cell glutathione peroxidase activity. TSH is given as range and geometric mean. Other values are mean + SD.

iodine supplementation (Lipiodol 0-5 ml orally) was admi-
nistered to all children. The complete design of the study, the
biochemical methods and the effects of the selenium supple-
mentation on the selenium status of the subjects of the study
have been detailed (Vanderpas ez al., 1990).

Data are expressed as means + | standard deviation (SD)
in the text and in the table, and as means + | standard error
of the mean (SEM) in the figures. Serum TSH and urinary
iodide concentration are expressed as geometric means
(geometric mean + | SD). Comparison of means and deter-
mination of Kendall's rank correlation were performed with
the Statistical Package for Social Sciences (SPSSPC+-,
Chicago, Illinois).

Results

Table | presents the parameters of selenium status and
thyroid function just before and after 2 months selenium or
placebo supplementation. Atentry to the study, the children
in both groups showed severe selenium deficiency docu-
mented by a low mean serum selenium and a low mean red

blood cell glutathione peroxidase activity (rbc GPX). In the
Se supplemented group, except for mean rT3 which was
within the hypothyroid range, the mean thyroid hormonal
parameters were initially within the low normal range. In the
placebo group, all the mean thyroid parameters were within
the hypothyroid range. The difference between the selenium
supplemented and the placebo group was however not
significant at the entry of the study.

The mean urinary iodide was 226 (102-480) nmol/l in the
sclenium supplemented group and 197 (86-440) nmol/lin the
placebo group; this difference was not significant. Thirty-
three per cent of the subjects in the selenium supplemented
group and 42% of the subjects in the placebo group
presented individual urinary iodide values below 160 nmol/L.

Two months after selenium supplementation, mean serum
selenium level increased to within the normal range while the
very low rbe GPX activity was partially normalized. At the
same time, mean serum T4, FT4 and mean rT3 fell to,
respectively, 66, 71 and 73% of the initial value. Despite the
decrease of T4 and FT4, serum TSH did not change
significantly and serum T3 also remained stable.
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Fig. 1 Companson of the serum T4 levels a, before and
b, 2 months after selenium supplementation (50 ug orally/day);
means + 1 SEM are also shown.

Figure 1 compares the mean and the individual serum T4
values before and after selenium supplementation. For the
patients with normal or moderately low serum T4 (but stll
= 50 nmol/l), all individual values decreased by 10-50% of
the initial level, and for five subjects, initially cuthyroid
according to normal values for Belgians, the values declined
below the lower limit of the normal reference range.

For the patients with the lowest serum T4 ( < 50 nmol/l),
the changes in the individual values were variable from case
to case: four of them presented a slight decrease while the
three other children presented a moderate increase; all seven
cases remained within the hypothyroid range.

Figure 2 shows the relationship of the decrease of serum
T4 with that of serum rT3. The variation of rT3 was
proportional to that of T4 (K=0-6: P <0-001).

In the unsupplemented group, the serum selenium
increased slightly without change in red blood cell glutath-
ione peroxidase, The thyroid function parameters remained
stable during the whole study period with biological values
similar to the initial ones in the treated group (Table 1).

The iodine supplementation which followed the selenium
or placebo administration brought hypothyroid parameters
to within the normal range but did not overcome the decrease
of the high T4 values which occurred after selenium supple-
mentation (data not shown).
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Fig. 2 Correlation (Kendall's rank test) of the variation of T4
before and after 2 months selenium supplementation (AT4) with
that of rT3 at the same time (ArT3), K=0-60; P<0001.

Discussion

Severe selenium deficiency endemics have been described in
other parts of the world; the clinical entities associated with it
are an infantile cardiomyopathy (Keshan disease) and an
osteoarthropathy (Kashin-Beck disease); selenium supple-
mentation has proved beneficial in these conditions (Soko-
loff, 1985; WHO 1987). However, from these studies, no data
indicate an effect of selenium on thyroid function.

In our study, in a group of subjects initially in a severe
iodine and selenium deficiency state, serum T4 and rT3 fell
significantly after 2 months of selenium supplementation.
Paradoxically. this fall was unaccompanied by an increase in
serum TSH and serum T3 also remained stable.

A change in TBG amount or affinity could be responsible
for such a vanation. However, in our subjects, TBG did not
change after selenium supplementation.

Several experimental studies document a concomitant
variation of thyroid hormones values with selenium status.
Golstein et al. (1988) showed increased serum T4 and T3
values in selenium deficient rats and proposed that selenium
deficiency through an increased availability of H,0,,
required by the thyroperoxidase for thyroid hormone pro-
duction, increases iodide organification in the thyroid gland.

On the other hand, selenium deficiency was shown to
inhibit type | deiodinase activity (Beckett er al, 1989;
Meinhold er al., 1991), also resulting in increased serum T4
values., This deiodinase has recently been shown to be a
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selenium containing enzyme in which the selenocysteine
residue is essential for the enzyme activity (Behne ez al., 1990;
Berry et al., 1991a).

Beckett ez al. (1989) also showed that selenium deficiency
exerts an influence on deiodinase type 11 activity; however,
the latest evidence indicates that this deiodinase is not a
selenoenzyme and it is suggested that the variation in the
enzyme activity is linked to the serum T4 variation itself
(Safran et al., 1991; Berry et al., 1991b).

According to the evidence, selenium supplementation to
selenium deficient subjects should result in a decrease of
serum T4, Nevertheless, in our study, if the effect of selenium
is restricted to an alteration in the production of hormones
by the thyroid, as suggested by Golstein er al. (1988), it is
difficult to explain why serum TSH remained stable while
serum T4 dropped by 30-50% of its initial level in most of the
subjects. Our data are also not in complete agreement with
the findings of Beckett et al. (1989); in our experiment, serum
T3 remained stable while serum rT3 decreased and the
reverse was observed by Beckett.

Whatever the exact mechanism by which selenium affects
thyroid function, our data show that sclenium could play a
definite role in thyroid hormone metabolism in humans, and
that selenium deficiency as found in Central Africa and
possibly in other parts of the world, is severe enough to
induce disturbance of thyroid hormone metabolism.

It is interesting to note that inhibition of deiodinase I in
selenium deficiency impedes the catabolism of thyroid
hormones, diminishes the iodide loss by the kidney, and thus
involves a thyroid hormone and iodine economy which,
together with a possible increased hormone synthesis in the
thyroid gland, could lessen the importance of the iodine
deficiency. This has very practical consequences in combined
iodine and selenium deficient areas, especially for the
pregnant woman and the fetus who could be, in case of
selenium deficiency, protected against iodine deficiency and
brain damage (Contempré ef al., 1991b).

In this case, selenium supplementation alone could involve
a more complex change in thyroid metabolism than was
foreseen previously and should not be undertaken without
concomitant iodine supplementation, at least until further
studies are undertaken, since the indiscriminate use of
selenium supplements might exacerbate, rather than
improve, the situation.
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