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ABSTRACT. Lack of iodine is one of the most
common endemic diseases in the— developed and un-
derdeveloped world today. We analyzed the iodine
content in the hair (H-I) and whole blood (WB-]) in
the prospective, cross-sectional, observational, and
epidemiological study. Hair was analyzed in 246 sub-
jects (men 90, women 156). In 137 of all the subjects
(51 men, 86 women) iodine was detected simultane-
ously in both of the biological indicator tissues. The
respective hair and whole blood iodine common me-
dian was H-1,;37 = 0.501, WB-L,;13;,= 0.052 pg/g look-
ing separately men and women H-1 medians were
0.511 and 0.500 whereas their respective WB-I medi-
ans were 0.050 and 0.057 pg/g. Apparently, there was
no gender dependent difference between the hair and
whole blood iodine medians. The short time indicator
of the whole blood iodine is not commensurable with
the long term biological indicator of the iodine status.
Hair iodine analysis was superior to the whole blood
analysis in assessing the iodine body status.
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PE3IOME. [ledurmmr ionma sBisSeTCS OJHUM W3
HamboJee PacIpOCTPAHEHHBIX SHAEMHUYECKHUX 3a001e-
BaHWH B BBHICOKOPA3BUTHIX U CIAO0OPA3BUTHIX CTpaHAX
MHpa. MBI HpOaHATM3UPOBAIN COJEp)KaHUe Hona B
Bojocax (H-I) m uenbnoli kpoBu (WB'I) B mpocnek-
TUBHOM OJTHOMOMEHTHOM HaOJIOJaTeIbHOM BIIUjie-
MHOJIOTHYECKOM HCCIIeOBaHNH. Bomockl ObUIH Hccie-
noBaHbl y 246 ucneityembix (90 myxunH, 156 skeH-
mmH); y 137 13 Hux (51 Myxuusbl, 86 jKEHIINH) WO
OBLT OIpeIeieH OMHOBPEMEHHO B 000uXx OuocyocTpa-
Tax. B aTOl BRIOOpKE MeaMaHHOE coziepKaHue Hoza B
BOJIOCAX M LIENbHOM kpoBH coctaBuio: H-1 137 = 0,501,
WB1 ;137 = 0,052 MKI/T; OTOENTBHO Y MY>KYHH U JKEH-
mmH Meanansl H-1 cocraBunu coorBercTBenHo 0,511 u
0,500 mkr/r, a meguaasl WB-1 — 0,050 u 0,057 MKI/T.
I'ennepHbIX paznuuuil B MeIuaHax Hoja B BOJOCAX U
LeTBHOM KPOBH ycTaHOBJIEHO He Obl10. [TokasaHo, uto
JIaHHbIE 110 LIEJIBHOW KPOBH, OTpa)karolel KpaTKoBpe-
MEHHBIE U3MECHEHHS HOIHOTO CTaTyca, He COOTHOCSTCS
C JaHHBIMH TI0 BOJIOCAaM KaK JIOJITOBPEMEHHOMY MHIH-
katopy. Ompenenenue Homa B BOJOCAX MPEBOCXOAUT
aHaJU3 LEJbHOW KPOBH MO 3(P(EKTHBHOCTH OLECHKU
HOJIHOTO CTaTyca OpraHu3Ma.
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INTRODUCTION

Iodine deficiency disorder is one of the most com-
mon endemic diseases in the world (Itaka, 2004). It is
present in both the underdeveloped third world coun-
tries and in the developed European countries (Zim-
mermann, Delange, 2004). Humans get most of the io-
dine by the iodized salt intake (Emsley, 2001; Reilly,
2002). Neither lack nor excess of iodine is good for
human health since they both impede the normal func-
tion of the thyroid gland (Hetzel, 1991). Indeed, iodine
deficiency may be linked to many health conditions
(Braverman, Utiger, 2005). Recently we demonstrated
that iodine deficiency is strongly associated with the
clinically manifest human depression (Momcilovi¢ et
al., 2010), and that the so called euthyroid goiter is the
goiter induced by the unrecognized iodine deficiency
(Mom¢ilovi¢ et al., 2008a).

Thus far various methods have been proposed to
assess the human iodine status and to detect the io-
dine deficiency and/or excess to combat the iodine
deficiency disorders (Andersson et al., 2012). Two of
them, i.e., the urinary iodine excretion (an indicator
of a very recent iodine exposure), and the thyroid
gland size, are currently recognized methods for the
assessment of the human body iodine status by the
World Health Organization (Brauer, Pasche, 2009).
However, neither of them is a reliable long term indi-
cator of the iodine status — especially in the underde-
veloped world where the facilities for collecting, stor-
ing, and analyzing urinary iodine and/or assessing the
size of the thyroid with the ultrasound, are scarce.

In the recent paper we demonstrated the advantages
of the hair iodine analysis for the assessment of the
long term human body iodine status (Momcilovi¢ et
al., 2012). The aim of this paper was to explore the re-
lationship between the hair iodine as a long term bio-
logical indicator and the whole blood iodine as yet an-
other short to median term biological indicator of the
human body iodine status, respectively.

SUBJECTS AND METHODS

This prospective, cross-sectional, observational
and epidemiological study was approved by the Ethi-
cal Committee of the Institute for the Research De-
velopment of the Sustainable Eco Systems and con-
ducted by the strict adherence to the Declaration of
Helsinki on Human Subject Research (Brown, 2009),
and to the complementary Croatian national bylaws
and regulations; every subject gave his writing con-
sent to participate in the study.

Hair iodine and whole blood iodine were analyzed
in a random sample of apparently healthy 246 adults
(90 men, 156 women) who were concerned with their
health status and who came from across Croatia; most
of them from the Croatian capital city Zagreb.

The scalp hair was collected over the (lat.
protuberantia occipitalis externa), and whole blood was
collected from the cubital vein. Both hair (HI) and
whole blood (WB-I) were analyzed for their iodine con-

tent with the inductively coupled plasma mass spec-
trometry (ICP-MS) at the Center for Biotic Medicine,
Moscow, Russia (an ISO certified high-tech lab), as de-
scribed previously (Momcilovi¢ et al., 2006). Samples
were kept in refrigerator at 4 °C before the analysis. Cur-
rent CBM iodine reference values (ug/g) for H' are
0.65 —9.00 and 0.65 — 8.00 for men and women, respec-
tively; WB-I are 0.020 — 0.600, i.e., the same for both
genders. Our detection limit for H-1 and WB‘1 was
0.005 pg/g, and the coefficient of variation was 40.8 %
(Mom¢ilovi¢ et al., 2009). Iodine has 208 isotopes that
belong to the complex cluster of elements sharing the
same mass number (number of isotopes/elements name):
1 Ag, 7 Cd, 12 In, 21 Sn, 27 Sb, 26 Te, 24 1, 25 Xe, 17
Cs, 17 Ba, 12 La, 11 Ce, 6 Pr, and 2 Nd (Momcilovi¢ et
al., 2008b; Wilson, 2010).

We used the power function regression analysis to
compare the relationship between the hair and whole
blood iodine, respectively; the difference between the
regression lines was considered to be significant
when p < 0.05 (Glantz, 2005).

RESULTS

Out of 246 subjects where both hair iodine and
whole blood iodine were analyzed (90 men, 156 wom-
en), iodine was detected in the hair of all the 246 sub-
jects, but only in 137 of them iodine could be detected in
the whole blood (about 60%). Hair iodine concentration
for all the subjects (n = 246) varied over a wide range
from 0.022 to 15.45 pg/g, and whole blood iodine
(n=137) varied from 0.0056 — 0.74 ng/g.

Most of the subjects (about 75%) in whom iodine
was detected in both the hair and whole blood, were
within the 1/4M — 4M iodine H-I and WB-'I concentra-
tion «window» (Fig. 1). The power function regression
analysis showed that essentially, there were no signifi-
cant correlation between the hair iodine and the whole
blood iodine for either men (Y = 0.067 X°¥¢, ¥ =
=0.197) or women (Y = 0.058 X", 1* = 0.020). The
respective hair and whole blood iodine common medi-
an for both genders was H-l 137 = 0.501, WB'I ;37 =
=0.052 ng/g. Separately, men and women H-I medians
were 0.511 and 0.500 whereas their respective WB'I
medians were 0.050 and 0.057 ng/g. Indicating that
there was no gender dependent difference for both hair
and whole blood iodine content.

DISCUSSION

Today, and after lot of refinement, the prevailing
consensus is that trace element hair analysis is the val-
uable method for assessing the nutritional metabolic
status and assessing toxicity in a non-invasive way
(Cuttler, 2004; Wilson, 2010). It should be noted that the
common hair median iodine concentration for men and
women, as observed in this study (M, = 0.501 pg/g) was
almost identical with the common median for men
and women as observed in a previous study (M, =
= 0.499 pg/g) where hair iodine was analyzed in 870
apparently healthy subjects (Momcilovi¢ et al., 2012).
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Usually, when writing about the hair trace ele-
ment analysis and the place of hair as a biological in-
dicator, the question arose on how did it match to
some other possible biological indicator, like blood
and urine? It should be noted that hair and whole
blood and/or urine are two distinctly different types
of biological indicator tissues. Hair is the memory tis-
sue since the element that gets into the hair remains in
there like in «the river of no returny». Indeed, hair is
the memory log reflecting the intermediary metabo-
lism of any element that enters the circulation, re-
gardless if it is homeostaticaly controlled like the es-
sential elements, partially controlled like the condi-
tionally essential elements, or inert or toxic like the
non-essential elements, respectively. At the same
time, the trace element blood and/or urine concentra-
tions reflect the short time interval in balancing of the
element between the various tissues compartments
before they would be excreted from the body. This
difference in time scale for different biological indi-
cator tissue of hair vs. blood and/or urine readily ex-
plains why there was no correlation in the iodine con-
tent between them. The rate of the human hair cell
division in the hair follicle is second only to the bone
marrow cells, and what makes hair a very sensitive
indicator of the cumulative long term metabolic
changes of element concentration within the body
(Hordinsky, 2003).

SUMMARY AND CONCLUSION

We found no commensurability between the io-
dine content of the hair as a long term indicator of the
iodine status, and the whole blood iodine as a short to
median term indicator of the iodine status. Hair ap-
pears to be a better choice of the biological indicator
tissue for assessing the long term human body iodine
status than the whole blood since hair sampling is
noninvasive and painless, transportation and storage
are simple, and the iodine content is about ten times
higher in the hair than in the blood what makes the
analysis more reliable.
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