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Abstract: Laboratory measurements of thyroid hormones arises from the fact that the patients origin of diseases
in many cases cannot be distinguished based only on clinical examination alone and it can be diagnosed by
the laboratory agsessment. Although, Serum Thyroid Stimulating Hormone (T SH) is the single unique hormone
which is able to predict the thyroid status but the TSH measurement by itself sometimes can be misguiding and
prevent the full understanding of thyroid patient. Laboratory evaluation of thyroid hormones, TSH, thyroxine
(T4) are the least thyroid hormones although there are many other thyroid related parameters which can be
measured, if their evaluation was recommended by the physician. There are many reports in the medical circle
on the possible misdiagnosis and eventual mistreatment if the proper clinical cooperation between the
physicians and clinical laboratory 1s either disrupted or mistrusted. The aim of this review 1s to emphasize the
importance of close correlation between physician and clinical laboratory to prevent any possible medical
mistake. The application of proper methods and techniques and specific requirement of age and gender
reference intervals in the laboratory for the thyroid hormones measurements 1s strongly recommended to have
the full confidence of the physician and to avoid misdiagnosis and eventual mistreatments of patients involved.
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INTRODUCTION

Serum Thyroid Stimulating Hormone (TSH),
Tetraiodothyronine or Thyroxine (T4) and Trudothyromne
(T3) are the three most important hormones which are
routinely measured in  clinical laboratory  on
recommendation of physician for the assessment of
thyroid function. Also overt hypothyroidism and
hyperthyroidism are the two well distinet thyroid
disorders, which can be easily identified by the laboratory
measwement of TSH, T4, T3 but the other type of thyroid
dysfunction test with normal serum T4, T3 but abnormal
TSH are now the pattern of some thyroid diseases which
constitute a ratio for thyreid disorders, particularly among
women. Serum TSH
suppressed n subclinical hypo and hyperthyroidism
respectively, although the subject may not show the
clinical manifestation of thyroid disease but based on
laboratory measurements the patient is involved in some
degree of thyroid dysfunction. Serum T4 and T3 can be
measured in termn of total or free hormones, the main
portion of serum T4 and T3 are transported in blood
circulation bound mainly to transporter protein named
thyroxin binding protein (TBG) which 1s synthesized in
the liver. Only mmute amount of T4 and T3 are in free form

concentration elevated and
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and they are defined as free T4 and Free T3.TSH, T4, T3,
Free T4, Free T3 all are diagnostically valuable when they
are compared with the normal reference range which are
set up m each laboratory based on the applied method
and techmcal procedure carried out with specific
laboratory kit and reference intervals (Fillee et al., 2012;
Bartalena et al., 1991, 1996; Chaler et al., 2012). It1s still a
controversial topic into the clinical advantage of
diagnosing subclinical thyroid abnormalities or if
subclinical thyroid disorders have the ability to exert a
major side effects on affected person. Although, it may
not have a profound adverse effect similar to the overt
thyroid diseases but subclimcal type of thyroid disorders
may put its adverse effect on susceptible individuals and
pregnant women on maternal and fetus physiological
functions. It seems it 1s the climcal laboratory which in
fact can clarify the status of subclimical thyroid disorders,
although these type of thyroid diseases may be lost
during patient physical examinations. The outcome of
Laboratory assessment of thyroid function clearly reveal
the thyroid conditions in health and diseases and play a
vital role in thyroid malfunction diagnosis initially and
treatment strategy following a comprehensive therapeutic
regiments by reversing the abnormal TSH, T4, T3 and
other thyroid index including, thyroid autoantibodies to
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normal reference range. The aim of this review is to
elaborate the vital responsibility of medical diagnostic
laboratory 1n the diagnose and managements of thyroid
patients. The importance of physician-laboratory
interaction for the optimal therapy is also reviewed.

THYROID HORMONE ASSESSMENTS
IN DISEASES

Wide range of diseases are accompanied with thyroid
malfunction and laboratory mvestigation of thyroid
assessment require the patients status and any
therapeutic regiments which is being used by the patients
to avoid the interference which can be seen with any
condition which can affect the outcome of clinical
laboratory measurements. The laboratory measurements
of thyroid hormones are obligatory test in many countries
for newborns and in fact it should be done in advance of
any pregnancy to rule out any misconception and
mfertility due to thyroid disorders and also avoid any
harm to the fetus on condition of pregnancy, although
laboratory thyroid function tests are among the routine
test during early stage of pregnancy (Zhu et al, 2013;
Mansourian, 2010b). As it was stated interventional
strategy for subclinical thyroid dysfunction is an
argument topic in scenario such as pregnancy and
mfertility and similar sensitive clinical pictures but
subclinical hypothyroidism should be taken seriously in
early conception and pregnancy itself. Tt is reported that
in case of prolongation of subclinical thyreid dysfunction
it should have been taken mte a proper medical
consideration (Mansourian, 2010a, b).

The subclinical thyroid disorders particularly
subclinical hypothyroidism if remain for considerable of
time proved to exert some side effect. The clinical
laboratory evaluation of serum TSH and thyroid
anti-peroxidase enzyme (Anti TPO), can give a clue if the
present subclinical hypothyroidism have a tendency into
an overt hypothyroidism. From laboratory pomt of view
the laboratory relation between TSH, T4, T3, gives a
nearly clear picture in how thyroid function and
diagnostically these three thyroid key hormones and their
serum concentration are assisting the medical team 1n how
to manage the thyroid abnormality (Mansourian, 2010e,
2010¢).

Serum TSH is the single umque hormone which is
able to predict the thyroid status but the TSH
measurement by itself sometimes can be misguiding and
prevent to understand the clear picture of a suspected
thyroid patient and can be a confusing laboratory test.
There are many mterventional indexes which can disturb
the real fact if TSH 1s measwred without any assessments
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of T4 and T3 for least. There are some other factors such
as age, gender, female fertility, pregnancy, thyroid
auto-antibodies and any other physiological changes
which can be mterfere with laboratory results. TSH m fact
is nota direct thyroid hormone and it is pituitary hormone
with thyroid gland as its sole target tissue. In fact if TSH
and T4, T3 are measured, one should remember the
limitation on the laboratory set up and determination of
serum TSH, T4, T3 and manipulation which can interfere
technically in the laboratory particularly for the free T4,
FreeT3 and a precise cutoff to compare the laboratory
data (Chaler et al, 2012, Zhu et al, 2013
Mansourian et af, 2011a, b; Mansourian and Ahmadi,
2010).

The normal reference range for thyroid hormones and
particularly TSH should be re-evaluated if the patient 1s
under therapeutic treatment for hypothyroidism or
hyperthyroidism. Tt seems the drugs leading to substitute
or suppress the thyroid hormones can interfere with the
reference range of TSH and care should be applied while
serum TSH concentration is under investigation. As
matter of interest the thyroid reference range of normal for
thyroid hormone should take into account of any
medication if a diagnosis 13 gomg to draw from a
laboratory examination. One particular and important
difficulty is free T4 determination by the laboratory in
some clinical cases such as pregnancy in late stage and
severs diseases, therefore serum total T4 1s bemng
considered as the key index in thyroid hormone
assessment and it may be replaced by free T4 in some
clinical mamfestation although there some controversial
argument about it (Bartalena et af, 1996, 1991,
Fillee et al., 201 2). Dietary regiments is another important
factor in dealing with thyroid hormones measurement, a
diet enriched with iodine excess for example can interfere
with a normal thyroid hormone test and the laboratory
pattern of results indicate some types of thyroid disorder
(Bartalena et al., 1996, 1991 ; Mansourian et al, 2010a;
Mansourian, 2011d).

INDICATION FOR THYROID HORMONES
ASSESSMENTS: TSH FIRST LINE IN
LABORATORY THYROID FUNCTION TEST
The thyroid patients clinical presentation of
thyrotoxicosis and mexedema are so fluctuated which
based on clinical examination alone sometimes can be
associated with some difficulty and even misleading in the
course of treatment. Laboratory evaluation of thyroid
hormones, TSH, T4, T3 therefore strongly
recommended for a proper medical diagnosis and
treatments thyroid abnormalities (Mansourian, 2010d).

are
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In routine and professional medical care it is a
important decision to check the laboratory estimation of
thyroid hormones and it 13 true when you are dealing with
females and specifically those with more than fifty years
of age, the subpopulation most commonly facing with
either of overt or subclinical thyroid diseases. The TSH in
normal reference range mainly 1s an indication of healthy
thyroid but it i1s mostly recommended to be accompanied
with T4, T3 measwement to avoid any wrong doing and
missing out a thyroid abnormality (Helfand and Redfern,
1998). Although, some believe that T4, T3 and
particularly free T4, only should be checked out
if TSH remain either elevated or  suppressed
(Helfand and Redfern, 1998, Mansourian et al., 2010b).
There are some limitation to the TSH alone laboratory
measurement, Although, there i1s a argument that if TSH
is at normal concentration and no other associated
disease of pituitary is detected, the subject is with healthy
thyroid and retesting of laboratory measurement 1s not
required as long as the subject 1s cleared from any climcal
symptom related to thyroid abnormality but thyroid
function tests are strongly recommended prior to any
pregnancy but it 1s a need in early stage of pregnancy to
overcome any difficulty for fetus and pregnant
women (Alexander, 2010; Danese et al, 1996,
Shahmohammdi et al., 2008; Fillee et ai., 2012).

In addition to thyroid assessment of elderly women
and particularly of child bearing age prior to the
pregnancy, in early stage of pregnancy and for certain
during whole period of pregnancy, thyroid disorders of
any kind can be accompamed with variety of other
diseases mcluding pervious thyroid disorders with or
without any operation, thyroid autoantibodies,, diabetes
mellitus, chromc renal abnormality, neck and head
irradiation, patients under therapeutic regiments, cancers,
Cushing syndrome, female reproductive system failure,
major Thalassemia, some infection, growth hormones
treatments, Biclogical agents, genetic disorders, Pituitary,
cerebral irradiation, head trauma, premature newborns
with abnormal birth weight and many other diseases
(Tenkins and Weetman, 2002; Wiebolt et al, 2011,
Kaptein, 1996, Sinard et al., 2000, Sklar et al, 2000,

Colao et al., 2000, Niepomniszczse et al, 2002,
Zervas et al, 2002, Janssen et al, 2004,
Eskes and Wiersinga, 2009, Badros et of, 2002,

Paulides et ai., 2007; Coles et al., 1999, Poretti et ai., 2002,
Schmiegelow et al, 2003, Benvenga et al., 2000
Rooman et al., 1996, Fisher, 1997, Giustarim et af., 2006,
Antonelli et al., 2006; Goday-Arno et al., 2009).
Now-a-days, thyroid hormones assessments are
widely performed prior, in the middle and even after
pregnancy and newborns are checked for thyroid

hormone test to prevent neonates mental and physical
damages and where and when these simple laboratory
tests are not performed it may be followed with
catastrophic adverse effects. The neonatal thyroid
disorders and specifically hypothyroidism can be simply
prevented if it 1s diagnosed and its origin might have been
cured by a siumple strategy of i1odine supplementation
(Lafranchi, 1999, Delange, 1997; Bhatara et al., 2002;
Mansourian et al., 2007; Mansourian, 2011d).

Laboratory indication of thyroid hormones arises
from the fact that the patients origin of diseases cannot be
distinguished based on physical examination solely, in the
proper manner and duly on time. If the patients are on the
verge of abnormality without a comprehensive clinical
mamfestation it only can be diagnosed by laboratory
assessment of thyroid function. The other indication
arises from the fact that failure to mmplement laboratory
measurement lead the patient go into a situation of even
worsen scenario in the course of disease itself. In spite of
what have been mentioned the laboratory measurement of
particular testing should give an extra informatory result
leading to the patient management and subsequent
treatment and in addition there are not any adverse effect
in doing the laboratory measwements. At the final stage
of any medical diagnosis based on the laboratory
measurement, the medical team should be in the position
to iumply a safe therapeutic regiments, with desired
therapeutic effects.

There are extensive studies indicating a major portion
of thyroid patients are being lost if they are followed only
onmedical examination alone and study indicate that less
than 50% of thyroid diseases with low T4, T3, are
diagnosed on time with the clinical assessment and
physical examination alone and if the physician decide to
diagnose the overt hypothyroidism on
manifestation, there are so many patients that do not

clinical

manifest the clinical symptom of overt hypothyroidism in
early stage of thyroid disease (Eggertsen et al., 1988,
Peterson et al., 1991, 2008,
Mansourian, 2010c¢).The studies indicated that in primary
clinic, the medical team may lost some thyroid patients if

Mansourian et al.,

they want to relay only on the climcal experiences and
further studies mn this sensitive area show that up to 90%
of thyroid patient with laboratory indication of thyroid
laboratory disorders are missed out in primary care clinic
(Eggertsen et al, 1988, 1991;
Monzani et al., 1993). Even in a professional medical team

Peterson et al.,

studies indicated that a major portion of those patients
which were diagnosed as thyroid disorders, the laboratory
assessment later on proved to be otherwise (Jarlov et al.,
1998; Zulewski et al., 1997, Monzani et al., 2001 ).
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Some other studies even indicated that the clinical

manifestation of  thyroid disorders such  as
thyrotoxicosis,,is gradually 1s reduced with increasing
chronically age, weight loss, atrial fibrillation

(Zulewski et al., 1997, Mansourian, 201 2a-c). Therefore, it
seems wise to introduce new method of clinical
mamfestation and borderline both in clinical presentation
and laboratory assessments of those subject in older age
of over sixty to overcome any wrong doing in the elderly
patients. Whenever the serial laboratory assessments of
thyroid hormones in comprehensive for the physician, the
clinical manifestation and presentation of a patients can
be a corner stone for and clinical decision for a particular
patients to prevent any harm to the patient involved
(Toubert et ai., 2000, Schectman et al., 1991).

Although, the overt thyroid abnormality can be
diagnosed by physician based on clinical manifestation if
it i3 already have been continued for a enough time to
exert it climical singe but the subclinical form of thyroid
abnormality can only be diagnosed based on thyroid
hormone assessment and  specifically the TSH
measwement. Tn Such thyroid disorder, serum TSH is
elevated and suppressed, T4m, T3, may remain in
normal references range for subclimcal hypo and
hyperthyroidism  respectively, recently some are in
believe that subclinical form of thyroid diseases should
replaced with mild version of thyroid diseases
(McDermott and Ridgway, 2001). From laboratory point of
view as thyroid disorders getting worse, it seems TSH
concentration is altered long before T4, T3 concentration
suppressed or elevated in hypo and hyperthyroidism, this
laboratory presentation i1s related to the correlation of
pituitary-thyroid axis (Nicoloff and Spencer, 1990;
Ercan-Fang et af., 2000, Ghori et af., 2006).

It seems that TSH remain as the most single thyroid
assessment parameter and the likelthood of elevated or
suppressed TSH might have been occurred Although, the
clinical mamfestation of thyroid disorder is not presented.
There are various reference range for thyroid hormones
according to the laboratory kit provided by manufacturing
company but the lower and upper limit of normal for TSH
lay between about 0.3 to about 6 muT.™" and some studies
indicate as the TSH value approaches the lugher limit of
normal the hypothyroidism may occur eventually and this
incidence is even greater for those subjects which are
carrying auto-antibodies against peroxidase enzyme,
which 1s responsible for thyroid hormone biosynthesis n
thyroid gland (Hershman et af, 1993; Morley, 1981,
Vanderpump et al., 1995).

Serum TSH concentration seems increase with
increasing age particularly among women and some
studies report that the tendency in TSH increase rate is
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about five times in seventy compared to twenties in
female population (Canaris et al, 2000). As it was
mentioned earlier the women are more prone to thyroid
disorders than men and this incidence progressed with
increasing age in both gender. The association between
thyroid auto antibody against peroxidase enzyme and
both types of thyroid disorders of hypo and
hyperthyroidism are well established, Although, ethnicity
play a significant role in this area of thyroid hormones
metabolism, studies are also demonstrate that the
imncidence  of  hypothyroidism than
hyperthyroidism m  both male and female
subpopulation) (Canaris et al., 2000, Hollowell et al., 2002;
Shahmohammdi et al., 2008, Ghori et al., 2006).

The distribution of thyroid disorders are not
homogeneously dispersed all over the world and in fact,
this prevalence is not similar even in one couritry. The
ethnicity, dietary iodine is among the intervening
parameters. It seems those courtry and sub-population
with enough iodine in daily regiment are less prone to
hyperthyroidism and in fact it should be mentioned that
iodine intake should be carefully regulated to avoid
unwanted hyperthyroid consequences due to excessive
1odine intake (Kung and Janus, 1996, Szabolcs et al., 1997,
Aghini-Lombardi et «l, 1999; Mansourian, 20114,
Mansourian et al., 2007).

1$  more

LABORATORY ASSESSMENT OF SUBCLINICAL
HYPOTHYROIDISM

From clinical laboratory pomt of view the difference
between overt and subclimical hypothyroidism arises from
the fact that in overt hypothyroidism TSH, T4, T3, or TSH,
T4 and TSH, T3 serum concentration are well defined by
elevated TSH and suppressed T4 in most of the time but
there are occasion m which, the laboratory picture
indicate elevated TSH, suppressed T3 but normal T4, In
hypothyroidism  Although, serum TSH
concentration 1s elevated more than upper limit of
reference range but T4 and T3 are remain in between
normal reference range of normal. Based on laboratory
assessment of thyroid hormones it is not wise to label an
individual with subclinical hypothyroidism, unless TSH 1s
well over upper limit of normal reference range, free
thyroid hormones in between normal reference range,
clear picture of any therapeutic regiment and elimination
of any suspected thyroid hormonal side effect due to the
drug therapy, any abnormality interfering with thyroid
hormone metabolism and possible pituitary should be
omitted, or finally if the elevated TSH, with normal T4, T3
remam for enough time to label an individual with
hypothyroidism.  Although, the

subclinical

subclimeal clinical
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manifestation of hypothyroidism is not presented
(Hollowell et al., 2002, Wartofsky and Dickey, 2005,
Flynn et al., 2010, Hamilton et al., 2008; Brabant et al.,
2006, Surks et al., 2005; Suwks and Boucai, 2010,
Cooper, 2004, Lazarus, 2007; Mansourian, 2011a-c).
There are some controversial argument about the
need to follow wup and detect the
hypothyroidism or if there is a benefit for such
investigation in clinical term but it is a general approach

subclinical

to clarify women subclinical hypothyroidism particularly
during early stage of pregnancy. The term mild
hypothyroidism now recently getting attention instead of
subclimeal hypothyroidism (Wartofsky and Dickey, 2005).

The division among scientists in this field of 13 wide
as ever, Although, some are in the opinion that both
hypothyroidism and hyperthyroidism need attention and
they should medically checked out and given final
treatments. To overcome the difficulty these later workers
are 1n opinion that the upper himit of TSH normal range
should be reduced to avoid false result for the thyroid
disorder, which will be followed with an overt
hypothyroidism (Wartofsky and Dickey, 2005, Klein and
Ojama, 2001; Erickson et al., 1994).

In spite of all controversy the treatment and follow up
of subclinical cases of thyroid diseases still are remain to
be useful, Although, there are a lot of argument mn if there
15 any good m managing subclimcal hypothyroidism
except in some extra ordinary medical condition such as
pregnancy or screemng the older women of more than
fifty years ago. In routine and professional medical care it
1s a important decision to check the laboratory estimation
of thyreid hormones and it is true when you are dealing
with females and specifically those with more than fifty
years of age when ever refer for further clinical attention
(Swks et al., 2004, Surks, 2005). Tt is a general belief, that
laboratory investigation of thyroid hormone should have
had indication and also the cost effectiveness of any
laboratory test taking mto account. In addition to that the
ethnicity, other surrounding factors which may interfere
with laboratory results should be looked at carefully, if
one wants to get a fruitful knowledge, conclusion and
subsequent diagnosis and treatment out of the list of
laboratory measurements.

LABORATORY ASSESSMENT OF THYROID
HORMONES PRIOR, DURING AND AFTER
PREGNANCY

Extensive studies in physiology of pregnancy
indicate that thyroid hormone play a very crucial role in
the pregnancy outcome particularly in the early stage of
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pregnancy and autoimmunity to the thyroid gland should
be also checked out and clarified in the course of
pregnancy (Abalovich et al, 2007, Burman, 2009
Mansourian, 2010b; Shahmohammd: et «f, 2008,
Mansourian et al., 2010a).

Many adverse effect of thyroid disorder on outcome
of pregnancy such as abortion and premature mfants can
be revered following thyroid hormone therapy and this 1s
true even if it is a subclinical type of thyroid disorder, so
it is a mater wgency to check every woman prior, during
of pregnancy for the sake of fetus and a maternal thyroid
hormoene which has tremendous effect for growing fetus
and pregnant women simultaneously (Negro et al., 2006;
Vaidya et al., 2007, Casey et al., 2005; Zhu et al., 2013).

The estimation of free T4 15 also a matter for
discussion, some believe that as pregnancy progressed
the freeT4 concentration reduced but one cannot accept
this for certain due the laboratory technical limitations and
most probable that the pregnancy itself, whuch 1s
associated with various physiological changes may have
side effect to manipulate the accuracy of free T4 testing
(Ball et al., 1989; Roti et al., 1991 ; Sapin and d'Herbomez,
2003; Lee et al., 2009, Wartofsky and Handelsman, 2010,
Bartalena et ai., 1991, 1996).

Some other studies indicated that it seems serum total
T4 concentration can be in more benefit for laboratory
pregnancy test than freeT4 due to its limitation, which is
existed for free T4 explanation result. Even when the effect
of elevated estrogen concentration during pregnancy on
extra TBG production by the liver taking into account
(Lee et al., 2009).

It 1s widely advised that normal reference range of
thyroid hormone should have been set up for pregnancy
duration and specifically for each trimester of pregnancy.
Following this set up thyreid hormones measurement and
evaluation can get to a comprehensive conclusion. By
then it should be mentioned that serum TSH
concentrations is a thyroid hormones index which can be
relied on confidently to be one of diagnostic parameters
during the pregnancy period. Taking mto account the
stimulating role of Human Chorionic Gonadotropin (HCG)
for the thyroid hormone, one should remember that serum
T4 concentration 1s elevated during pregnancy and in
particular at the end of first trimester of pregnancy as the
HCG is at its highest peak. Due to similarity of TSH and,
TSH receptor on thyroid gland can be stimulated by HCG
and studies indicate, the elevated T4 during early stage of
pregnancy originated from tlus fact and such
mamfestation by HCG, on thyroid gland which is followed
by extra concentration of T4, will have an inhibitory effect
on the production of TSH from pitwitary gland. In addition
to what was mentioned the interference due to laboratory
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technical methods and procedures specifically for free T4
also should have been taken
particularly during pregnancy. In analyzing the serum

thyroid hormones concentration, all of these aspects
which may have some role in interpretation of thyroid

assessment should be carefully looked at (Roti et al.,

1991; Sapin and d’Herbomez, 2003; Lee et al, 2009,

Stricker et al, 2007, D'Herbomez et al., 2003,

Mansourian, 2011b, ¢).

There are some arguments about the time which
female pregnancy thyroid hormones evaluation should be
carried out to have an even better comprehensive
conclusion out of this thyroid testing for a pregnant
women. Doing that earlier testing is to avoid possible
catastrophic effect for the pregnant women and the
carrying fetus. Laboratory confirmation of thyroid
hormone status  and particularly in  case of
hypothyroidism  hormone  substitution therapy
prevent the adverse of thyroid hormone deficiency which
1s so strongly 1s required during early stage of pregnancy
for the growing physical and mental growth of fetus.
Although, physical growth may be cured for an infant
which 1s bomn from hypothyroid mother but the mental
disorder and the brain retardation due to thyroid hormone
deficiency may not be reversed. Therefore here the role of
laboratory in having a healthy newborn is
comprehended. It 13 well advised to have even thyroid
hormones laboratory assessment prior the onset of
pregnancy especially among women with some other non
thyroidal diseases such as insulin depended diabetes and
some female reproductive failure, mcluding miscarriage
and mfertility disorder which can be associated with
thyroid abnormalities (Abalovich et al., 2007, Fillee et al.,
2012; Zhu et al., 2013).

Additionally it is mentioned that concentrating only
and solely on women diagnosed of with high risk factor,
defiantly will be accompamed with many pregnant women
which looked healthy without any thyroid disorders, on
climical presentation but in fact women with thyroid
diseases or on verge of pregnancy are left out. It 1s now
strongly recommended to carry on laboratory hormones
assessment in very early on pregnancy to prevent fetus
brain damage, which may not be recovered later on, due
to the mmportance of thyroid hormone requirements in
very early days of pregnancy (Horacek et al, 2010
Burman, 2009; Thung et al., 2009; Alexander, 2010).

It seems that the TSH 1s the single most important
laboratory test for the well being of thyroid assessment
during pregnancy, Although, thyroxin T4 evaluation is
also an crucial test but some in believe that maternal
serum TSH concentration can give enough information for
the safe pregnancy and thyroid involvement. The other

into  consideration

can

well
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vital thyroid test is the determination of antiperoxidase
enzyme and try to treat it in involved pregnant women
with normal maternal serumn concentration of TSH, T4
level specifically during the first trimester of pregnancy
before it is very late for the onset of pregnancy to avoid
miscarriages and giving birth to the prematwre infants. In
fact the evaluation of thyroid autoantibodies are so vital
to be determined to prevent subsequent thyroid
malfunction during and after pregnancy period
(Negro et al, 2006, Thangaratinam et al, 2011;
Lazarus, 2011).

Other study mdicated that about half those pregnant
women being on thyroid hormone replacement therapy of
either hyper and hypothyroidism are on an uncorrected
thyroid therapy and maternal serum TSH concentration
are in suppressed and elevated levels compared to TSH
concentration in to reference range of normal. This later
scenario, most probably will be accompamed with clinical
condition with catastrophic effect on eventuality of
pregnancy. On the base of these expecting clinical
manifestation thyroid hormone therapy should be
routinely checked out by laboratory assessment of
thyroid hormoene prior to the pregnancy and thyroid
hormone therapy should be adjust accordingly to have a
safe conception in eventual pregnancy (Hallengren et al.,
2009; Aexander et al., 2004).

One other mmportant 1ssue in the management of
thyroid replacement therapy in pregnancy and specifically
the assisted pregnancy require an even extra ordinary
requirements of substitute thyroxine therapy to prevent
the possible sever hypothyroidism in the prior period and
during expected pregnancy (Stuckey et al.,, 2010).

During the pregnancy period the level of thyroxine
substitute therapy should be adjusted according to the
laboratory estimation of serum TSH concentration but as
this will be very late to correct the thyroxine replacement
it is strongly recommended to have optimum thyroxine
replacement at early conception to avoid fetus mental and
brain damage due to the lower thyroxine in the mitial
phases of pregnancy (Abelovich et al, 2007
Alexander et al., 2004).

Those women treated for hyperthyroidism, of Graves
during pregnancy care should be taken into account, by
checking the serum laboratory TSH concentration to have
the TSH level well controlled to be at least in the lower
region of normal reference range to prevent any
abnormality in fetus life due to hyperthyroidism as well
(Luton et al., 2005; Casey et al., 2006, Sato ef af., 1977).

Care should be taken in laboratory assessment of
pregnant women thyroid hormones after giving birth to
the new infant, studies indicate thyroid abnormalities
following postpartum n females and in fact one study
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indicate that about 1/10th females present some type of
abnormalities of thyroid gland during six month followimng
giving birth to the newborn. Some of the abnormalities of
thyroid gland during this six months mcluding rising
serum TSH concentration, elevated serum antioceroxidase
level and the scenario even getting worse if a pregnant
female which was presented with high serum TSH and
were left un attendant even during pregnancy, now
sustained a very high serum TSH level and
hypothyroidism 1n about three years after the termination
of pregnancy (Abalovich et al, 2007, Stuckey et al.,
2001).

It should be noted that if pregnant hypothyroid
female remain untreated following giving birth to infant,
will have a risk factor for the next pregnancy, therefore the
presentation of hypothyroidism during postpartum period
should be assessed by laboratory measurement of
serum TSH concentration. Studies mdicated that the
incidence of hyperthyroidism during postpartum remain
to be very low and even the TSH level was suppressed
following pregnancy, it has been returned to normal
concentration in about one and half year of pregnancy
termination and the complication cannot be compared
with those cases of hyperthyroidism presenting with high
concentration of serum TSH, in addition to all that have
been mentioned, high risk females thyroid function should
be carefully measwed by the serial laboratory
measurement of thyroid gland. The understanding of
pregnant women thyroid function tests will help to have
a comprehensive outlook about the newborn thyroid
hormone status or if there is a possible congenital
hypothyroidism facing the infant, which can easily be
managed based on later information (Stuckey et «l.,
2001; Abalovich et af, 2007, Lazarus, 2011;
Stagnaro-Green et al., 2011).

Dietary status 1s one other mmportant accept in
thyroid disorders and particularly hypothyroidism and
specifically during the pregnancy period. The
physiological condition during pregnancy enhance the
urinary iodine excretion through kidney, therefore,
pregnancy itself is a condition with iodine loss in
pregnant female. On the base such physiological change
during pregnancy, an adequate iodine supplementation
should be carefully taken mto consideration
(Mansourian, 2010a, 2011d; Mansourian et al., 2007).

LABORATORY LIMITATION IN PREGNANCY
THYROID HORMONE ASSESSMENTS

Estrogen, the Female sex hormones production
enhanced during pregnancy and have a profound effect
on the biosynthesis of Thyroid Binding Globuline (TBG),
due the direct effect of estrogen on liver with subsequent
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over production of TBG. As result of enhanced TBG
production, the serum total T4 concentration is increased
but with minor fluctuation in the serum free T4
concentration 1n pregnant womer, this interventional
procedure should be taken into account when the
laboratory measurement of thyroid hormone of pregnant
wormen are reported and a clinical decision 1s to be drawn
out of the laboratory data (Lebeau and Mandel, 2006).

CLINICAL DECISION MAKING BASED ON
LABORATORY THYROID HORMONE
MEASUREMENT

Various thyroid disorders are presented with different
climcal mamfestation and even if physician is going to set
up a clinical decision based on climcal and physical
manifestation, still the physician confidently cannct say
at which level of abnormality the patient is and therefore
which climcal set up and medication strategy can be
drawn out of the clinical mamfestation alone without any
laboratory assessment of thyroid hormones. The close
correlation between the physician and medical diagnostic
laboratory, therefore strongly recommended for the proper
thyroid patients management. 1f this cooperation 1s going
to have fruitful results, both physician and laboratory
team particularly should do their thyroid hormones
measurements properly with appropriate laboratory
techmques, up to date procedures and methods
(Covinsky et al., 2000, Kailajarvi et al., 2000; Ismail et al.,
2002; Kricka, 2000).

The cooperation and understandable dialogs between
physician and laboratory 1s a crucial step forwards if a
permanent interrelation are to be kept alive. Laboratory
thyroid hormones measurements should have clinical
benefits both for the patients and climcal decision making
in on hand and the cost effectiveness of such test
performance is another concept which the medical team
should take into consideration. The important message of
cooperation between clinician and laboratory is the
satistfying outcome out of the physician and laboratory
axis. Two main and vital steps strongly required to have
such coordination between these two important elements
in medical team. These include laboratory measurements
which exhibiting precision and the performed test can be
reproduced, in the laboratory, in one hand and the proper
diagnosis which i1s decided by physician on the other
hand (Ransohoff and Feinstein, 1978).

Laboratory measurement of thyroid hormones based
on immunoassay procedure, which is expensive tests
performed in the laboratory and therefore its cost
effectiveness should be taken into consideration to
prevent wrong doing in the laboratory and avoid the
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unwanted repetition of laboratory thyroid hormone
measwement of particular case, which financially exert a
heavy burden on the medical laboratory (Ismail et af.,
2002; Kricka, 2000).

The technical difficulty associated with thyroid
hormone measurement by immunoassay method and
undesired consequences originated from such delegate
procedure, particularly for the estimation of free thyroxin
all should be carefully taking into consideration. The
other problems interfering with a proper thyroid hormone
measurement include different therapeutic regiments for
the non thyroidal diseases and rising autoantibody
against thyroglobulin are the disturbing risk factors for
not having a proper thyroid hormones assessment by the
medical diagnostic laboratory which can be a confusing
factors n patient management by medical team.

In order to avoid such abnormality in the estimation
of thyroid hormone laboratory measurement and free
thyroxine due to various intervemng factors, the serum
total thyroxin value may be preferred instead of free
thyroxin in patients suffering from critical diseases and
also thyroid hormone measurement prior, during and after
pregnancy (Lee et al., 2009; Van den Berghe et al., 1999,
Abalovich et al., 2007).

SUBCLINICAL THYROID DISORDERS ARE
ACCOMPANIED WITH YARIOUS SIDE EFFECTS

Cardiovascular  abnormalities and particularly
arrhythmia among  major effect of
subclinical thyroid problems, Although, there are some
disagreement in this area of thyroid studies (Parle et al.,
2001; Flynn et al, 2010, Razvi et al, 2010
Mansourian, 2012b, ¢). The side effects of subclinical
hyperthyroidism which identified with suppressed TSH
and T4, T3 i normal reference interval are atrial
fibrillation, cardiac function abnormalities, osteoporosis
and overt hyperthyroidism (Mansourian, 2012b, c¢;
Martin et ai., 1993; Sawin et al., 1994; Biondi et ai., 1993,
1996, Wesche et af., 2001, Bauer et af., 2001 ; Stott et ai.,
1991, Fade et al., 1991). The subclinical hypothyroidism
which marked with increased TSH and normal T4, T3 in
reference itervals exhlibit the possibility of
atherosclerosis, coronmary artery disorders, congestive
heart failure, vascular compliance and subsequent overt
hypothyroidism, dyslipidemia, depressive abnormalities,
blood coagulation abnormality. Some of these
abnormalities can be reversed by medications
(Nystrom et al., 1988; Huber et al., 2002; Hak et ol., 2000,
Rodondi et al, 2006, Rodondi et al., 2005; Volzke et al.,
2007, Cappola et al, 2006, Lekakis et af., 1997,
Nagasaki et al., 2009; Owen et al., 2006, Monzam et al.,

are adverse
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2001; Danese et al, 2000, Meier et ai,
Haggerty et al, 1993, Chadarevian et al,
Woeber, 2005, Mansourian, 2010a, ¢).

Some cases of subclinical thyroid disorders
progressed into overt thyroid malfunction and it has been
shown that, there is a possibility that serum TSH level
may return to reference interval subsequently. On base of
all these discrepancy it is strongly advised to practice
laboratory measurement of TSH before any thyroid
therapeutic treatment, m case TSH 18 returned to reference
interval and treatment is not required based on laboratory
TSH measurement, unless clinical manifestation dictate
otherwise (Fade et al., 1991, Meyerovitch et al., 2007). Tt
seems overt hyperthyroidism can be a progression of
subclinical into overt and the prevalence of spontaneous
overt hyperthoidism 15 very low (Fade et al, 1991,
Woeber, 2005; Effraimidis et al, 2011; Mansourian,
2010c).

Although, the incidence of osteoporosis i overt
hyperthyroidism i3 well documented but it is not
absolutely clear whether subclinical hyperthyroidism have
a potential role in bone disorders. In spite of what was
mentioned studies indicate that suppressed serum
TSH in elderly females is specifically associated with
bone fracture of hip and vertebral (Bauer et af., 2001;
Wesche et al., 2001; Ross, 1994).

2001,
2001,

CLINICAL APPLICATION OF HYPOTHYROIDISM

The initial serum TSH is a golden standard for thyroid
estimation m prolonged future and tendency of overt
hypothyroidism increased within serum TSH level in the
upper region of reference interval of about 4 mp L7
Thyroid microsomal auto antibody 15 an inducing
factor in progression into overt hypothyroidism
(Tunbridge et al, 1977, Meyerovitch et al., 2007,
Huber et al., 2002).

Mild and subclinical hypothyroidism are associated
with hypercholesterolemia and athersclerosis, with
eventual myocardial infraction. The incidence of
atherosclerosis is even greater when it is followed by the
presence autoantibody against peroxidase enzyme in the
thyroid (Hak et af., 2000, Adrees et al., 2009, Huber et af .,
2002; Mansourian et ., 2008; Mansourian, 2010c;
Petta et al., 2007, Chu et al., 2002).

Hypothyroidism 1s also can be associated with
vascular and cardiac abnormalities, impairing diastolic,
systolic  pathways shown thyroxine
replacement therapy which can bring serum level TSH to
a acceptable range m the TSH reference interval can
significantly improve the patient clinical condition
(Mansowrian, 2012b, Lekakis et al, 1997
Nagasaki et al., 2009, Monzam et al., 2001; Kahaly, 2000).

and studies

c

>
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Laboratory measwement of TSH and cholesterol,
triglyceride indicated that there are direct relation between
their serum concentrations (Asvold et al, 2007,
Waterhouse et al., 2007, Mansourian et af., 2008,
Mansourian, 2010a, ¢).

Overt hypothyroidism itself markedly is correlated
with elevated total cholesterol concentration and serum
low density lipoprotemn return to normal reference
intervals in addition the cholesterol serum, triglyceride
can also get inside normal range (Thompson et al., 1981).

Psychological disorder 1s the other
manifestation correlated with overt hypothyroid diseases,
which can be reversed by thyroxine replacement therapy
(Jorde et al., 2006, Bell et of., 2007, Monzani et of., 1993,
Mebis et al., 2006).

BENEFIT OF LABORATORY SERUM THYROID
ASSESSMENT

Progressed thyroid diseases can be accompamed
with catastrophic clinical manifestation and fatal outcome.
Early determination of serum thyroid hormone can be a
valuable diagnostic tool m the physician hand to reverse
any harm which may be followed if the thyroid diseases
remain  unattended and  untreated.  Laboratory
measurement of thyroid hormones in the proper time can
prevent thyrotoxicosis, myxedema, which can be missed
out by physical examination alone and they can be fatal in
their natwe. The other benefit originated from early
diagnosis by thyroid hormone assessment using
laboratory method and technique 1s to prevent the imitial
thyroid abnormality enter mto a steady and progressed
thyroid disease, with potential adverse effects in many
cases (Weetman, 1997, Mansourian, 2010a, d, ¢).

One critical issue in laboratory assessment is based
on specificity and sensitivity and having a reliable normal
reference range for thyroid hormones measurement in the
medical diagnostic laboratory to prevent any mistake in
the patient management. On base of many studies it 1s
indicted that TSH, total T4 and T3 can be more useful
than TSH, free T4, free T3, due the complication in the free
hormones interpretation and laboratory measurements
particularly during pregnancy and non-thyroidal diseases,
Although, there 13 not a umversal agreement in this
regards (Wartofsky and Handelsman, 2010, Fillee et al.,
2012; Bartalena et al., 1991, 1996).

KEY POINTS
Although, single laboratory measurement of serum

TSH can give a clue but TSH, T4, T3 are the three most
umportant hormones which are routinely are measured in

clinical
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the clinical laboratory on recommendation of physician for
the assessment of thyroid function.

Only minute amount of T4 and T3 are in free form and
they are defined as free T4 and FreeT3 but TSH, total T4,
totals T3, FreeT4 and Free T3 all are diagnostically
valuable when they are compared with the normal
reference range.

The outcome of laboratory assessment of thyrod
function clearly reveals the thyroid conditions in health
and diseases and plays a vital role in thyroid malfunction
diagnosis. The subclinical thyroid disorders particularly
subclinical hypothyroidism if remain for considerable of
time proved to exert some side effects.

Subclinical thyroid disorders can only be diagnosed
through laboratory measurement of TSH, T4, T3 and can
only be diagnosed by laboratory on condition of normal
serum T4, T3 and abnormal serum TSH levels.

Cardiovascular and particularly
arrthythmia are among major adverse effect of sub clinical
thyroid disorders, Although, there 1s some disagreement
in this area of thyroid studies.

In routine and professional medical care it is an

abnormalities

important decision to check the laboratory estimation of
thyroid hormones and 1t 1s trtue when you are dealing with
females and specifically those with more than fifty years
of age.

It 1s widely advised that normal reference range of
thyroid hormone should have been set up for pregnancy
and specifically for each trimester of pregnancy to prevent
fetus mental and physical retardation.

It 15 a general belief, that laboratory investigation of
thyroid hormone should have had an indication and also
the cost -effectiveness of any laboratory test taking into
account.

Various thyroid disorders are presented with different
climcal mamfestation and even if physician is going to set
up a clinical decision based on clinical manifestation
alone, still the physician cannot confidently say the level
of abnormality.

One critical 1ssue in laboratory assessment 1s based
on specificity and sensitivity and having a reliable normal
reference range for thyroid hormones measurement in the
medical diagnostic laboratory to prevent any mistake in
the patient management.

The technical difficulty associated with thyroid
hormone measwrement by immunoassay method and
undesired consequences orignated from such delegate
procedure, particularly for the estimation of free thyroxine
which all should be carefully taking into consideration
when the patients state of health differentially assessed.

Considering the all above consideration and the
existing laboratory lumitations, the close correlation
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between the physician and medical diagnostic laboratory,
are therefore strongly recommended for the proper
treatment of thyroid patients to prevent any wrong doing
1n patient managements.
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