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Introduction

Abnormalities in the circulating thyroid hormone
concentration, without associated pituitary or thyroid dis-
ease, are seen in a variety of nonthyroidal illnesses (NIH).
These abnormalities may be low plasma triiodothyronine
(T3), low thyroxine (T4) or a combination of both, with an
inappropriately normal plasma thyrotropin (TSH). These
could be because of various factors acting on monodeiodi-
nase, a key enzyme for the conversion of T4 to T3, or on
transport system for thyroid hormones. Role of cytokines
and other inflammatory mediators through their actions on
hypothalamus, pituitary or thyroid gland has been exten-
sively investigated, but their real action in vivo remains
unclear. Knowledge of these hormone abnormalities is nec-
essary to avoid errors in the diagnosis of thyroid disease.
Whether the hormone responses in euthyroid sick syndrome
represent part of an adaptive response, which lowers tissue
energy requirement in systemic illness, or is a maladaptive
response inducing damage to tissues in hypothyroidism,
remains unclear. The thyroid function disturbances correlate
with the disease severity, and low levels of thyroid hor-
mones predict a poor prognosis in severe illness. The use of
thyroid hormone therapy is still controversial in such ill-
nesses, as few controlled trials have shown conflicting
results for treatment with T3.

Abnormalities in the circulating levels of thyroid
hormones, without evidence of coexisting thyroid or pitu-
itary gland disease, are commonly seen in a wide variety of
systemic nonthyroidal illnesses. Interpreting the test results
and knowing what to do with the results when there is no
evidence of thyroid dysfunction can be a challenge.! The
term "euthyroid sick syndrome" is used to describe these
abnormalities in thyroid function tests. It is the most com-
mon biochemical abnormality of endocrine function among
medical inpatients; the incidence may be as high as 70%.2
The observed thyroid hormone abnormalities do not indi-
cate thyroid disease, but seem to represent a response to the
underlying illness, as these invariably disappear with

recovery from underlying illness. The term "nonthyroidal ill-
ness syndrome" (NTIS) seems more appropriate alternative des-
ignation, as it does not presume the metabolic status of the
patient.3

Appropriate and timely recognition of abnormalities of
thyroid function in various nonthyroidal systemic illnesses has
paramount importance because of three main reasons: (a)
Abnormal results of thyroid function tests can sometimes mimic
or at other times mask the biochemical changes observed in
patients with intrinsic thyroid disease.* (b) The hormonal
response in euthyroid sick syndrome represents the part of an
adaptive response to illness, so the treatment of these systemic
illnesses with thyroxine is not of much help.5 (¢) The severity
and nature of changes in thyroid function tests have implications
on the prognosis in such cases.¢

Patterns of Euthyroid Sick Syndrome

Various patterns of thyroid hormone and TSH concentra-
tions have been reported in euthyroid sick syndrome, reflecting
the type and severity of illness.3 Chopra et al.7 have divided
these patterns into following four major types:
1. Low T3 Syndrome

This is the most common abnormality, observed in
about 70% of the hospitalized patients. Serum concentration of
total triiodothyronine (T3) falls rapidly and progressively with-
in 30 min to 24 hours of the onset of the causative illness. The
degree of fall reflects the severity of disease process.8 Levels
vary from undetectable to normal, and the mean value is
approximately 40% of the normal level. Whenever measured,
the concentration of serum free T3 (fT3) is low normal or slight-
ly decreased.® The daily production of T3 is decreased, while
its clearance remains unchanged. The decreased conversion of
thyroxine (T4) to T3 results from the inhibition of enzyme 1,5'-
monodeiodinase (5'-MDI) activity, which catalyzes the deiodi-
nation of T4 to T3.10 Serum total T4 and free T4 (fT4) are nor-
mal in patients with low T3 syndrome.!!

Generally serum TSH concentration and its response to
thyrotropin releasing hormone (TRH) are normal. However



4. Other abnormalities

Generally serum TSH concentration and its response to Studies have shown that there is decreased noc-
thyrotropin releasing hormone (TRH) are normal. However TSH turnal TSH surge, unrelated to ambient circulating T4 and
level may increase slightly, but returning to normal with recov- T3 levels, but probably related to hypothalamic
ery.!2 The serum concentration of reverse T3 (rT3) is increased

. . ; T N Table. Conditions associated with Euthyroid Sick Syndrome.
except in renal failure!3 and traumatic brain injury.!4 Daily pro-

duction rate of r'T3 is normal. The increase in the serum rT3 level 1.  Medical

is mainly due to its reduced metabolic clearance.!’

2. Low T3 and T4 syndrome

The low T3 and T4 syndrome is observed in severely ill,
moribund patients admitted to medical intensive care units.
About 30-50% of patients have subnormal levels of T3 and T4.
The T4 concentration falls over a period of 24-48 hours. However
the fT4 values are frequently within normal limits. This disparity
between low T4 values and normal fT4 levels is partly due to
decreased T4 binding. Kinetic studies have shown reduced hepat-
ic uptake and clearance of T4. The fall in circulating thyroid hor-
mone concentration coupled with reduced clearance implies sub-
stantially low thyroidal production rates.!®

Serum TSH concentration is frequently low, as measured
with sensitive TSH assays and TRH responses are blunted.!?
This blunted response is probably due to decrease in the enzyme
activity responsible for TRH degradation, leading to impairment
of TRH metabolism. TSH level rises with recovery, and may be
transiently elevated until T3 and T4 levels are restored to nor-
mal.!8 The rT3 synthesis diminishes due to the decreased avail-
ability of its precursor T4, but because of slow degradation rT3
concentrations are frequently increased.!?

Several factors may contribute to low T3 and T4 levels.
These include: (1) reduced binding proteins, e.g., thyroxine bind-
ing globulin (TBG), albumin and prealbumin especially in
chronic liver disease!® and in renal dialysis??, (2) abnormal
TBG due to altered sialylation?!, (3) circulating competitive bind-
ing inhibitors of T4 to serum protein, including drugs??
(furosemide in high doses?3), non-esterified fatty acids (NEFA)
and metabolic products?4 and (4) decreased serum TSH, especial-
ly in patients treated with dopamine.2>

3. High T4 syndrome

This is an unusual variant of euthyroid sick syndrome,
seen in approximately 1% of sick patients. High serum T4 level
is seen in some systemic illnesses-notably acute intermittent por-
phyria26, liver diseases such as chronic active hepatitis and pri-
mary biliary cirrhosis?’, acute psychiatric illness28, and patients
on certain drugs such as amiodarone??, and radiocontrast agents
like ipodate and iopanoic acid used for oral cholecystography.3?
The serum concentration of T4 remains normal. The high serum
T4 level is usually the result of increased serum TBG. Serum T3
may be normal or increased, but fT3 concentration is typically
decreased. The serum concentration of rT3 is also increased in
such patients, a finding related to both a high TBG concentration
and a decreased metabolism of rT3. The serum TSH is usually
very low or undetectable, and TRH response is blunted to
absent.10

Acute myocardial infarction.68

Acute renal failure.!3

Pulmonary tuberculosis.®9

Alcoholic liver disease. 70

Hepatic cirrhosis.!9

Lymphomas, leukemia and during their chemotherapy. 7!
Aplastic anemia.”!

Stroke.”2

Malignancy.!

Obstructive chronic bronchopneumopathy with acute
respiratory failure.

Diabetic ketoacidosis.”>

Acute cerebral vasculopathies.”3
Collagenopathies.”3

Hodgkin disease.”#

Chronic heart failure .75

Surgical

Acute and chronic spinal cord injury.”6
Major trauma.”’

Severe burn. !

After elective cholecystectomy. 78

During and after cardiopulmonary bypass.®”

Infections

Viral hepatitis type A. 79
Advanced stages of HIV. 80
Sepsis.”3

Miscellaneous

Patients receiving antituberculosis treatment,69
Premature and sick infants, 81

Bone marrow transplantation.82
Haemodialysis.20

Progressive systemic sclerosis. 83

Extensive dermatitis.83

Malignant Mediterranean spotted fever.”3
Acute psychiatric illness.?8

Acute intermittent porphyria.2®

Drugs

a) Inhibitors of T4 to T3 conversion

Amiodarone.29

Glucocorticoids.?2

Propranolol in high doses.!9

Propylthiouracil 22

Radiographic contrast agents.30

b) Augmentation of clearance of T4 (enzyme induction)
Phenobarbital 22

Phenytoin.22

Rifampicin.69

Carbamazepine.22



¢) Inhibitors of TSH secretion
Dopamine.2>

L—Dopa.22

Somatostatin.22

d) Inhibitors of thyroid hormone synthesis or release
Todine.22
Lithium.22

¢) Inhibitors of binding of T4/T3 to serum proteins
Nonsteroidal anti-inflammatory agents.22

Salicylates. 84

Heparin. 85

Furosemide.?3

f) Increasing concentration of T4 binding proteins22
Estrogen.

Clofibrate.

Opiates.

Perphenazine.

g) Stimulators of TSH secretion22
Haloperidol.

Clomiphene.

Dopaminergic antagonists.

dysregulation.3! In addition, evidence suggests that
TSH has reduced biological activity in euthyroid sick patients
due to some structural abnormality.32 Euthyroid sick syndrome
is also associated with low serum total protein. Low albumin33
and high sympathetic response like high cortisol and nor-epi-
nephrine levels are also commonly seen in acutely ill patients.34

Pathophysiology

The thyroid gland produces mainly two iodine-con-
taining hormones, T4 and T3. One third of the circulating T4 is
normally converted to T3 by deiodination and 45% is convert-
ed to rT3 in the peripheral tissues. Two different enzymes are
involved in these conversions i.e., enzyme I, 5'-monodeiodi-
nase (5'-MDI), catalyzing the formation of T3, and enzyme I, 5-
monodeiodinase (5- MDI), catalyzing the formation of rT3.
The T3 is approximately 4-5 times more potent than T4 where-
as T3 is biologically inactive. Most of the T4 and T3 circulate
in reversibly bound form with various plasma proteins: thyrox-
ine-binding globulin (TBG), transthyretin (thyroxine binding
prealbumin) and albumin. Only about 0.03% of T4 and 0.3% of
T3 circulate in free form.35

The exact cause of changes in serum thyroid hormone and TSH co
centration observed in euthyroid sick syndrome is not completely undk
stood. Various mediator have been implicated for the observed abnormaliti
in thyroid hormones seen in different systemic diseases. Reduced T3 produ
tion in peripheral tissues may be related not only to a decreased 5'-MDI acti
ity but also to decreased T4 transport into various tissues. A number of fa
tors are responsible for these actions

(1) Transport of T4 into liver is regulated by intracellular adenosine triphc
phate (ATP) and energy stores. Evidence indicates that the tissue content
ATP and high-energy phosphates is reduced in euthyroid sick syndrom
Decreased T4 tissue uptake has been documented during fasting, liver di
ease and critical illnesses. Substances such as 3-carboxy-3-methyl-5-prop}
2-furanpropanoic acid (CMPF), indoxyl-sulfate, free fatty acids36, hippus
acid, and bilirubin37, which are increased in various systemic illnesses @
known to decrease T4 uptake into hepatocytes leading to reduced T3 gence
ation.

(2) The enzyme 1, 5'-monodeiodinase(5'-MDI) is a low affinity and hi
capacity enzyme located in the major organs including liver, kidney and th
roid. It is responsible for generation of bulk of circulating T3.38 There ar¢
number of factors, which suppress the activity of this enzyme:

(a) Compromised nutritional status: The enzyme 5'-MDI is sensitive
caloric intake especially the one derived from carbohydrates. Fasting
hyper caloric diets reduce T3 level resembling euthyroid sick syndrome.3°

(b) Free radicals: Free radicals generated in the tissues also inhibit 5'-M!
activity. Moreover increased 5'-MDI activity has been observed in the pre
ence of free radical scavengers.40

(c) Alterations in selenium status: The enzyme 5'-MDI has selenocysteine
the active site of the enzyme. Selenium acts as a cofactor and thus is critic
in T3 production. Selenium deficiency is associated with a progressive redu
tion of 5'-MDI activity in tissues and is restored by selenium supplements

(3) Certain toxic metals such as cadmium#2, mercury*, and lead, a
compounds such as carbon tetrachloride*> have been associated wi
impaired 5'-MDI activity in animal models. Similarly vitamin B12 deficie
cy4¢ and zinc deficiency#” are associated with slight reduction in this enzyr
activity, thus reducing T3 level. Nicotinic acid*3, lipoic acid49, organophc
phate compounds® and hyperglucagonemia’! all decrease serum thyro
hormone concentration while maintaining a euthyroid state.

Various clinical conditions and drugs associated with euthyroid si
syndrome have been summarized in Table.
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Cytokines

Recently, particular attention has been focused on the role of
cytokines in the pathogenesis of euthyroid sick syndrome. Cytokines are
multifunctional molecules with different biological effects on target cells.
These can have autocrine, paracrine or endocrine actions. Cytokines may
have a physiological or pathophysiological role contributing to development
of euthyroid sick syndrome.52

Among the different cytokines studied, tumor necrosis factor-a
(TNF-av) is perhaps the most promising and best-studied candidate for a
mediator of euthyroid sick syndrome. Infusion of TNF-a in man produces a
decrease in serum T3, T4 and TSH levels and a rise in rT3.53 The infusion
of interleukin-1. (IL-1)34, interleukin-6 (IL-6)35, and interferon-a (IFN-o)3¢
also produce the similar results. It has been shown that IL-1 and TNF-a both
can induce the release of IL-6, suggesting that IL-6 may be the mediator of
cytokine induced thyroid hormone changes. Several studies have been done
to find the role of interferon-y, IL-2, IL-8, and IL-10 in patients with euthy-
roid sick syndrome, but no evidence for their pathogenic role have been
found.57.58

Thus, it seems certain that nonthyroidal illness (NTI) is associated
with an increased production and release of cytokines but the degree of
cytokines involvement and their specific role in the pathogenesis remain
controversial and undermined.>? One possibility is that NTI per se causes an
increase in cytokine production and which is the only factor responsible for
changes in euthyroid sick syndrome. A second possibility is that through
incompletely understood mechanisms, the illness produces both an increase
in cytokine levels and changes in thyroid function tests, the latter being total-
ly independent of cytokine variations. The third and more likely model
relates changes in thyroid parameters to both a direct effect of disease and
the illness-related increase in cytokine production and release. This model
best fits with available data indicating that in addition to the effects of
cytokines, other substances, such as 3-carboxy-3-methyl-5-propyl-2-furan-
propanoic acid (CMPF), indoxyl-sulfate, bilirubin, and FFA36.37 probably
participate in the pathogenesis of euthyroid sick syndrome by reducing thy-
roid hormone transport into cells and thereby decreasing peripheral T3 pro-
duction. Various biochemical changes associated with euthyroid sick syn-
drome have been summarized in Figure.

Clinical Significance

Abnormal thyroid function tests are observed as frequently in sys-
temic euthyroid sick syndrome as in intrinsic thyroid disease. These changes
may mimic or mask the biochemical abnormalities of true thyroid disease.

It has been observed that the severity and nature of changes in thy-
roid function tests are related to prognosis of the systemic illness. The low
serum T3 or T4 levels predict increased mortality from liver cirrhosis,!?
advanced congestive heart failure’®, and several other systemic illnesses,
thus indicating poor prognosis.

There is a suggestive evidence that tissue hypothyroidism occurs
because of low supplies of T3 and T4. However many believe that patients
with nonthyroidal illness syndrome (NTIS) are metabolically euthyroid,
even in the presence of low serum T3 and T4. Recent studies have shown
that tissues of patients dying of NTIS contain substantially lower levels of
thyroid hormones (T3 and T4) than did tissues of control subjects dying sud-
denly.®0 In contrast, studies also suggest that there is an increase in T3
receptor number and binding affinity in NTIS, an indication of a possible
increase in tissue sensitivity to T3 that may contribute to maintenance of
euthyroid state, despite low serum T3.6!

It remains unresolved whether the hormone responses in
roid sick syndrome represent part of an adaptive response to sy
illness, which lowers tissue energy requirements in face of sy
illness, or a maladaptive response, that impairs tissue functi
makes recovery from life threatening illness less likely.3

Treatment

The vast majority of patients of euthyroid sick syn
who recover from their underlying illnesses, have prompt reco
the hypothalamic-pituitary-thyroid axis and therefore do not -
any treatment. In case of more severe illness, showing evidence
sue hypothyroidism, trials of intervention are certainly justifiec

Several studies have examined the effect of treatment w1
roid hormones. Treatment with T4 is not beneficial as explai
diminished conversion of T4 to metabolically more active T3.
not be useful even in patients with low free T4 values.62 H
there is difference of opinion on treatment with T3, regarding i
efits or otherwise in patient of NTIS. Limited studies have
some beneficial effects of treatment with T3 in patients of doj
dependent septic shock®, brain injury,!4 sepsis after pulr
infarction®, for recovery in organ recipients®> and patients wit
orrhagic shock.%¢ The T3 administration to patients undergoing
thoracic surgery has shown benefits as measured by cardiac out
decreased systemic vascular resistance.6’ Other studies have ¢
strated beneficial effects of T3 treatment in low cardiac outpu
related to myocardial ischemia, heart transplantation and for
with hyperlipidemia.t8 Clearly, the aforementioned benefits
treatment associated with sepsis, cardiopulmonary bypass, resp
failure, or a surgical procedure suggest that there is a need fo
tional controlled studies to determine the scope of such tre:
Much more is required to be learnt about the dose-response rati
possible adverse effects of T3 treatment.62

Conclusion

Alterations in thyroid function tests are fairly comt
patients with NTI. Multiple, complex and incompletely und:
mechanisms are involved. Awareness of these alterations h
avoiding errors in the diagnosis of thyroid disorders and inappr
therapy. FT4 and fT3 are the investigations of choice to differ
between euthyroid sick syndrome and intrinsic thyroid disease
thyroid hormone alterations are seen in about 50-70% of the hc
ized patients, therefore investigations of hypothalamic-pituita
roid axis may be tested after a week or so, after recovery.
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