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Extensive data from animal and human studies itelittzat iron deficiency impairs thyroid metabolisime
aim of this study was to determine thyroid hormatatus in iron-deficient adolescent girls. By stigawv
random sampling from among all public high schdotsgirls in Lar and its vicinity in southern Irafip3 out
of 431 iron deficient subjects were selected. Uand serum samples were collected and assayediffiary
iodine and serum ferritin, iron, total iron bindingapacity (TIBC), thyroid stimulating hormone (TSH),
thyroxine (T4), triiodothyronine (T3), free thyroidormones (fT4 and fT3), triiodothyronine resin ak#
(T3RU), reverse triiodothyronine (rT3), selenium addumin concentrations. Hematological indicesifon
status confirmed that all subjects were iron-defiti There was a significant correlation betweenahd
ferritin (r= 0.52,P<0.001) and between TSH and ferritin (r=-?30.05). Subjects with low serum ferritin had
a higher ratio of T3/T4 (r= -0.427<0.01). Using stepwise regression analysis, ontyitife contributed
significantly to the rT3 concentration (r=-0.3%0.01). The results indicate that the degree of @eficiency
may affect thyroid hormone status in iron-deficiadblescent girls.
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Introduction iron deficiency results in increased sympathetiivag, as
More than 2 billion people, mainly young women anavident by increased plasma and urinary catechakmi
children, are iron-deficierit. Over 90% of affected indivi- concentration$®** increased turn-over rates of nor-
duals live in developing countriédron deficiency anemia epinephrine in sympathetically innervated tisswes de-
has adverse health consequences for all age grdmpscreased tissue norepinephrine contéht. The study of
older children and adults it reduces work capaeibd Smith and his co-workers has confirmed findings in iron
output and impairs immune functiohand is also known to deficiency, where increased sympathetic nervousesys
be associated with reduced reproductive capAicifpe activity**'* was coupled with overt hypo-thyroidisthOn
consequences of iron deficiency are more seriousvée the other hand, iron deficiency may signi-ficantgduce
men. Iron deficiency can be defined as occurrihgmthe circulating levels of T4-5'deiodinase in rafshe enzyme
body’s iron stores become depleted and a restreeg@ly responsible for the conversion of T4 to T3, reagltin
of iron to various tissues becomes appatentd it results diminished conversion of T4 to 8 As shown by national
in the depletion of iron-dependent intracellularzgmes reports on anemia in Irdn,the prevalence of iron defi-
participating in many metabolic pathwaysStudies in ciency among 15 to 49-years-old fe-males is 39%.
animals and humans have shown that iron deficiavity The aim of the present study was to investigayeoid

or without anemia impairs thyroid hormone metalmlis hormone status in iron-deficient adolescent girsg in
Nutritional iron deficiency has been shown to siigaintly
lower the circulating levels of both thyroxine atnlodo-
thyronine in rats;’and to reduce conversion of T4 to ¥3.
Iron deficiency also impairs thyroid metabolismhaman
lsc:\‘jv‘l're% ﬁiﬁ?geﬂﬁﬁ :Sg;?;ﬁf&fgggg a;grof Nutrition, School of Public Health, Shiraz Univaysof Medical
. - . . Sciences P.0O.Box 558 — Shiraz 71455, |.R.Iran

iron deficiency anemia, and Beard and his co-waker 1. +0098-711.7251020; Fax: +0098-711. 6272256
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southern Iran, where iron deficiency is quite ptene?®  Transferrin saturation was determined by dividing t
An intervention study was conducted in a group @8 1 serum iron concentration by the total iron bindtapa-
iron deficient adolescent girls living in Southehan.  city and multiplying by 100. Serum ferritin, tT4T3,
This report provides data on their thyroid hormstetus TSH, fT4, fT3, T3RU and rT3 were determined by cadi
prior to the intervention and its relationship withe  immunoass&y using commercially available kits (Bel-

degree of iron deficiency. gium ZenTech for rT3 and American DSL for the rest)
selenium was measured by the atomic absorption me-

Materials and methods thod” and urinary iodine was measured by the digestion

Subjects method?® Normal values for thyroid hormone indices, as

The study was carried out in the province of Lad &8  in-dicated by the manufacturers of the assay kitse as
vicinity in southern Iran (800 meters above se&llevan  follows: TSH (mIU/ml); 0.5-5.1, tT4 (ug/dl): 3.4-18
area in which iron deficiency is prevalent. In thest  fT4 (pg/ml): 8.0-20.0, tT3 (ng/dl): 61-219, fT3 (jog):
step, 431 iron-deficient subjects (with or withamemia) 1.5-5.0, rT3 (ng/dl): 20-50, and T3RU (%): 30-40.
were selected by stepwise random sampling amon§ 203
students in grades 1 to 4 from the Lar high scfaogjirls  Statistics
and its vicinity. In the second step 103 subjedts ful-  Normally distributed data were expressed as mean +
filled all of the inclusion criteria were chose@riteria for  standard deviation unless otherwise noted. A simele
case inclusion were: a) absence of any systemémdies, gression test was used to test for possible as&otis),
except for iron deficiency without anemia (hemobgto and multiple linear regression analysis using sispw
>12mg/dl, serum ferritin <12ug/l and transferritusa methods was performed to determine the most sogmifi
ration <16%j" b) serum albumin within the normal predictors of changes in rT3 concentration.PAvalue
range: 3.5 to 5.5¢/dl; c) urinary iodine >100ugd);body  <0.05 was considered significant in all statistiesits. All
mass index >19 kg/fme) age within the range of 14 to statistical analyses were computed using SPSSovetdi
18-years-old. for Windows (SPSS Inc., Chicago, 2001).

The number of cases which did not meet theteria
was 328: 203 for anemia, 23 for abnormal serumralbu  Ethical aspects
levels, 17 for low levels of iodine in the uring for low  Ethical approval for the study was obtained frone th
body mass index, and 26 for an age out of the défin ethical committees of the Dean of Research Affaitha
range. Anemic girls were offered iron supplemaatat Tehran University of Medical Sciences.
Demographic data, menstruation, any concurrenéskn
history, medication, and vitamin and mineral supa-  Results
tations were collected by interviews and anthropoime Physical characteristics of the 103 adolescens gint
indices were determined for each subject. Anthropocluded in the study are shown in Table 1. The nimaty
metric assessments included measurement of weight amass index of subjects was within the normal refese
height. Body weight was measured to the neardsig0. range. Anthropometric data indicated a normal popu-
using the Seca 713 scale while subjects were mllyima lation excluding undernourished girls. The premate of
clothed. Height was determined using a measuapeg t stunting was low (height-for-age <- 2 z-scores: 6%)
without shoes, and subsequently body mass index was Hematological and biochemical parameters of th
calculated by dividing weight (kg) by squared heigh study are shown in Table 2. Hematological indifms
(m?). Anthropometric indices, height-for-age aneight-  iron status show that all subjects were iron-defiti Me-
for-age, were computed using EPI-INFO and expreased dian urinary iodine was 120.0ug/l (range:100-280xs-
z-scores of the international WHO/NCHS growth re-ma selenium levels indicated that deficiency ofs thi

ference. micronutrient was not a problem among subjects.
There were a significant association betweksrpa
Biochemical analyses tT4 and TSH only with serum ferritin (r = 0.52<0.001

10 ml fasting venous blood samples were drawn fiteen and r= -0.3,P<0.05 respectively). The statistical model
arm. Blood was collected in two tubes; 2 ml welaced  showed that when the serum ferritin concentratias w
in the EDTA tube for measurement of hemoglobin andused as an independent variable, subjects withr|&awe-
hematocrit, and 8 ml in another tube for deternmimabf  tin had a higher T3 to T4 ratio (r = -0.425 0.01).

serum albumin, TIBC, iron, ferritin, selenium, totand Further investigation into the changes in rd@n-
free thyroxine, total and free triiodothyronine,ythr  centration in these subjects was carried out usialgiple
tropin, T3RU and reverse triiodothyronine. Furthere, regression analysis in which the independent vhsab
urine samples were collected from the same subgads included were: urinary iodine, TSH, tT4, tT3, T3/fatio,
on the same occasion as blood sampling for measutem transferrin saturation, ferritin and selenium. ndsa step-
of urinary iodine. Hemoglobin was measured usimg t wise regression procedure, only ferritin contrilbutgg-
cyanomethemoglobin methdd, while serum irorf?  nificantly to the rT3 concentration (r=-0.34<0.01)
TIBC,?* and albumif were measured by the colorimetric (figure 1); thus, subjects with lower iron storésoshad a
method (Zist Chimie company lot. no.11-514, lot. b®@-  higher reverse triiodothyronine concentration.

515 and lot. no. 10-502, respectively).
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Table 1. Characteristics of selected subjects

Characteristics X+SD Min. Max.
Age (year) 158+1.4 14 18
Weight (kg) 50.9 + 4.9*% 41 63
Height (cm) 155.0 £ 5.0* 140 167
BMI (kg/m?) 21.0+1.5* 19.0 25.6
Height-for-age -0.98 £ 0.74* -3.39 0.79
(z-scores)
Weight-for-age -0.30 £ -0.52* -1.73 0.82
(z-scores)

*N=100

Table 2. Hematological and biochemical parameters of

selected subjects

Parameters

Mean+SD Min. Max.

Hemoglobin (mg/dl)
Hematocrit (%)

Iron (uo/dl)

TIBC (ng/dl)

Transferrin saturation (%)
Ferritin (ng/l)

Thyrotropin (mlU/ml)
Total thyroxine (ug/dl)
Free thyroxine (pg/ml)

Total triiodothyronine
(ng/dl)

Free triiodothyronine
(pg/mli)
T3 resin uptake (%)

T3/T4 ratio

Reverse triiodothyronine
(ng/dl)

Albumin (gr/dl)
Selenium (ug/dl)
Urinary iodine (ug/l)

125+0.3 120 13.0
376+13 350 400
322+31 26.0 380
442.0+12.0

421.0 476.0
7.3+.8 7.3 8.8

89+10 7 115

25+0.6 1.0 4.8
8.7+0.7 7.0 10.0

106+1.4 8.0 15.0
136.0+£18.0

110.0 177.0

2704 16 37

27633 206 335
158 +23 116 234
425+6.0 26.0 56.0

3.6+0.2 3.2 3.9
27775 150 430

120.0% 100.0 280.0

T Median

60

rT3(ng/dl)

30

20

6 7 8 9 10 1
Fignr (Lg/l)

Figure 1. Correlation between serum ferritin and rT3

concentration

Discussion

Children and adolescents differ from adults in many
aspects, but especially in that they continue tavgr The
thyroid gland is one of the most important orgamsdp-
timal growth. Normal thyroid status is dependemttioe
presence of many trace elements for both the sgisthe
and metabolism of thyroid hormones. lodine is most
important as a component of the hormones thyroaim
3,3 5-tri-iodothyronine (T3). Selenium is essentialr fo
normal thyroid hormone metabolism, which is invalve
with selenium-containing iodothyronine deiodinasest
control the synthesis and degradation of the biokdly
active thyroid hormone T%3*° Additionally, seleno-
peroxidases and thioredoxin reductase protecthyreid
gland from peroxides produced during the synthesis
hormones’ Observation of mean levels of selenium in
serum and urinary iodine levels in the studied (etpan
provides evidence that the subjects studied dohast
any deficiency of these elements.

The present study explores the possibilityt tinan
deficiency might impair thyroid metabolism as pasly
reported in animal and human studiés®* The two
initial steps of thyroid hormone synthesis are lgatd by
heme—containing thyroid peroxida$é?3? Severe iron
deficiency may lower thyroperoxidase activity anter-
fere with the synthesis of thyroid hormoriéRecently
Hess and his co-workéfshave shown that thyroid pero-
xidase activity is significantly reduced in ironfideency
anemia. In rats, it decreases hepatic thyroxine-5"-
deiodinase, impairs conversion of T4 to T3 in the
periphery, and blunts the TSH response to thyroid —
releasing hormone (TRH}** Only a few studies per-
formed on humans exist on this subject. Resulthede
studies show that in adults, iron deficiency is came
panied by reduced serum T4 and T3, as compared to
healthy controls®*? But in the study of Tienboon and
Unachak® there was no statistical difference in thyroid
hormones in the iron-deficient anemic children befo
resolution of anemia as compared to after. In resht
although normal thyroid function, as defined by mat
levels of thyroid indices was preserved in our eaty
with iron deficiency, a positive and significansasiation
between the serum ferritin level and the tT4 comncen
tration, and a negative and significant associdbietween
ferritin and the T3/T4 ratio, as well as a negatam
significant association between ferritin and TShHiggest
that thyroid status alterations could be due tefic@ncy
in iron-dependent enzymes such as thyroperoxidaete t
impair thyroid metabolism. In our study, there weme
decreases in tT3 levels in parallel with decreased
stores, which is not consistent with other studiest
show that iron deficiency reduces circulating levef T3.
The low concentration of thyroid hormones in iron-
deficient anemic animals may be due to a low plasma
pool turnover of T3. In most organs, the plasma-con
centration of T3 determines its binding to nuclesrep-
tors and metabolic activiti€$*® Beardet al., showed that
in rats, T3 disposal from the plasma pool and &rsible
loss from the system were significantly slowed dawn
iron deficiency'®* Moreover, Bianco and Silva demon-
strated that peripheral deiodination in iron defiedy was
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coordinated with decreased utilization or disappeee of 8.
T3 from the plasma pod.

Our study provides support for the contentiloat an
increase in rT3 is related to changes in iron stand that
the increased level of rT3 is inversely correlateih
changes in plasma ferritin concentration. lrondieficy
decreased plasma concentrations of T3 and T4 and iR,
creased in vitro hepatic rT3 deiodination, suggesthat
iron-deficient animals tend to metabolize thyroidr-h
mone via a deactivating pathw&yPresumably, a small

fraction of T4 was converted to T3 and a larger-pro11.

portion metabolized to a physiologically inactivestar
bolite, rT3. It is not yet clear how iron defic@nexerts
its effects on deiodinase activity. Kaplan andgeifi*
have shown that the outer ring deiodinase actigityiot
affected by either ferrous or ferric ions in an\iitro
incubation method. This of course, does not ruietbe
possibility that iron needs to be incorporated itie
enzyme during synthesis.

One explanation for the discrepancy among issud
could be age differences in study subjects, sincestudy
is the first to consider adolescent girls. Anotbeplana-
tion could be that only girls with moderate irorfidiency
and without anemia were included. The exclusiogid$é
with anemia was motivated by our intention to cartdan
iron supplementation intervention, in which we didt
include anemic girls for ethical reasons. Therefore
cannot reject the possibility that thyroid functianight be
impaired with more severe iron deficiency and aremi

17.
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