Nonthyroidal illness syndrome: evaluation of thyroid function in sick patients
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& Case presentation 

Case 1: 

A 74 year-old female, who had past history of 1) Parkinson’s disease; 2) schizophrenia; 3) old CVA and bed-ridden; 4) hypertension; 5) severe dementia with regular medicine control. 

This time, she suffered from abdominal pain for several days. Tarry stool passage was noted on 91-5-19. Fever also developed later. So, she was brought to our MER for help. Immediate UGI scopy revealed esophageal ulcers and gastric ulcer. Patient was admitted for further evaluation & management.

After admission, bilateral eyes reddish change & pain was found. Consulted Oph section & check thyroid function was suggested. Lab: AMiA: <100, ATA: <100, T3: 24.42, T4: 3.74, TSH: 1.66 were found. Consulted Endocrine section—sick euthyroid syndrome was impressed. No treatment was given. After 11 days treatment, patient’s condition became improved. She was discharged on 91-5-31 in a stable condition.

Case 2:

A 84 year-old male, who had past history of 1) adrenal insufficiency & steroid usage; 2) alcoholic abuser; 3) gouty arthritis; 4) COPD. He had been admitted in July 2001 due to right leg cellulitis. In recent months, he was noted of drinking 1-2 bottles of 紹興酒/day. Abdominal pain developed in recent days. Neck pain also developed. He was sent to our MER on 91-4-5. Laboratory data showed amylase: 4430, Ca: 7.9 mg/dl, Alb: 2.19 g/dl, GOT: 113 IU/L, GPT: 130 IU/L, Glu: 161 mg/dl, Na: 134 mEq/L, K: 5.3 mEq/L. Low BP was also noted. Under the impression of acute pancreatitis & septic shock, he was admitted to ICU for further care.

At ICU, persisting fever & dyspnea were noted. ET tube insertion & tracheostomy were performed. Recurrent cellulitis of leg developed & ascites also noted. Ascitis & sputum culture revealed Candida infection. Ischemic change of bowel with blood stool was also noted. EKG revealed atrial fibrillation with RVR. So, Meta section was consulted. Suggested checked thyroid function showed: T3: 21.86 ng/dL (86-187), T4: 1.86 ug/dL (4.5-12.5), TSH: 2.62 uIU/mL (0.25-4.0), FT4: 1.40 ng/dL (0.9-1.8). Sick euthyroid syndrome was impressed. Control underlying illness was suggested. Finally, patient expired on 4/19.      

& Introduction:

1. Nonthyroidal illness influences thyroid hormone production and action at   

multiple levels, including H-P-T axis, thyroid hormone transport, and metabolism.

2. Changes in thyroid function in the setting of systemic illness, surgery, or fasting      

are referred to as the nonthyroidal illness syndrome (also called “sick euthyroid syndrome”).

3. Measurement of serum thyroxine (T4) concentration can be normal, low or  

elevated.

4. Serum TSH (thyrotropin), the key test utilized to diagnose primary thyroid   

disease, also can be influenced by nonthyroidal illness.

5. Abnormal thyroid hormone concentrations are common in pts with serious      

nonthyroidal illnesses. Early evidence suggests that thyroid hormone levels may 

predict the prognosis for some pts. Low levels of thyroid hormones predict a poor prognosis in several illnesses. Whether active intervention using thyroid 

hormone supplements is beneficial or not remains controversial. (Thyroid 1997; 7: 125-32)(Postgraduate Medicine 1999; 105: 215-9)

& Thyroid physiology and tests of thyroid function

1. T4 (100ug/day) produced exclusively from the thyroid. The amount produced is regulated directly by TSH & require the availability of iodine substrate.

2. T3 (35ug/day) produced predominantly by extrathyroidal deiodination of T4 (80%) and the remainder (20%) from direct thyroid gland secretion.

3. TSH is regulated by TRH from the hypothalamus and by T4 and T3 negative feedback.

4. Serum TSH measurements utilize highly sensitive 2nd and 3rd-generation assays, defined based on lower limits of detectability of approximately 0.1 and 0.01 uU/ml.

6. The majority of circulating T4 and T3 is bound to serum proteins. Unbound, or 

free fraction, of circulating T4 is only 0.02% of total T4, and free T3 is only 0.03% of total T3.

7. T4 and T3 are bound to thyroxine binding globulin (TBG) 70% and smaller  

amounts to transthyretin and albumin. 

8. Significant alterations in serum proteins as is seen in nonthyroidal illness and 

with some medications can influence these measurements significantly.

9. T4 is converted to T3 by 5’-monodeiodinase type 1 (D1) and type 2 (D2). Type  

3 5’-deiodinase (D3) catalyzes the inactivation of T4 to rT3 and T3 to T2.

10. D1 is expressed highly in liver and kidney and is the major source of 

extracellular T3. D2 is expressed highly in the brain and pituitary and is a major source of intracellular T3 in these tissues. D1 expression is stimulated by thyroid hormone, and D2 expression is reduced by thyroid hormone.

11. D2 located in the endoplasmic reticulum and D1 in the plasma membrane. 

Reflects a primary role for D2 in providing intracellular T3 and D1 providing extracellular T3.

12. D3 is expressed in high levels in the placenta and uterus, apparently playing a 

major role in modulating thyroid hormone effects on the developing fetus.
& Changes in thyroid function with illness

Low T3 syndrome

* A reduction in serum T3 and an increase in rT3 are the most common thyroid function test changes observed in pts with nonthyroidal illness.

* Changes in thyroid function in nonthyroidal illness

 Mild 

   Reduced serum T3 concentration

   Elevation in serum reverse T3 concentration

 Moderate-to-severe

   Reduced serum total T4 concentration (free T4 by dialysis usually normal)

   Reduced serum thyroid binding proteins

   Loss of TSH nocturnal surge

* These changes are seen with even modest medical illness, surgery, or fasting.

* The conversion of T4 to T3 is reduced because of decreased D1 activity.  

* Low serum T3 is predominantly caused by reduced production, rather than augmented T3 degradation or disposal. Serum T3 measurements are not helpful in diagnosing primary thyroid disease in sick pts because of the high prevalence of low serum T3. 

Reduced serum T3 is likely be an “adaptive” response to stress:

--not associated independently with increased morbidity or mortality

--the reduction reverses as the illness resolves or with recovery from surgery.

* Administration of T3 to pt with low T3 has been associated with increased muscle catabolism as shown by increased nitrogen and 3-methylhistidine excretion. 

* Because the changes are generally reversible, and normalization of serum T3 may have negative effects, the low T3 syndrome does not require treatment routinely.

* In some selected conditions, such as cardiac failure and cardiac surgery, T3 therapy may provide a benefit.

Low T4/low T3 syndrome

Pts with more severe illness, especially those in ICU, frequently have a reduced total T4 concentration. Free T4 values are usually low.

*ACE levels are stimulated by thyroid hormone and are low in nonthyroidal illness, suggesting reduced action at the tissue level. 

*Other markers of thyroid hormone action, including sex hormone binding globulin and osteocalcin, have been shown to be normal in pts with severe nonthyroidal illness. 

*Sensitivity to thyroid hormone action in nonthyroidal illness may vary by tissue.

Serum thyrotropin

*TSH is usually normal in pts with nonthyroidal illness.

*In critical ill patients with low basal TSH, the TSH response to TRH is blunted and both findings are indicative of a poor prognosis.

*TRH tests, however, are rarely helpful in the clinical evaluation of sick pts.

*TSH also may be decreased by administration of certain drugs, especially glucocorticoids and dopamine. Serum TSH level can be elevated above normal, even >20 uU/ml, during the recovery phase of nonthyroidal illness.

*The key to DDx from primary hypothyroidism is that sequential serum T4 should be increasing in nonthyroidal illness pts, in contrast to low in primary thyroid disease.

*TSH is secreted in a pulsatile fashion and has a diurnal variation, with the highest levels at night when cortisol is lowest. Fasting is associated with a modest elevation in cortisol and reduced TSH pulsatility and diurnal variation.

*Cortisol elevation is a significant mediator of TSH suppression in fasting and is also likely responsible for reduced TSH in illness.

Changes in thyroid hormone kinetics

*In pts with low T3, the production rate of T3 is decreased, but its metabolic clearance rate is unchanges.

*The decrease production of T3 is primarily because of decreased extrathyroidal deiodination of T4 to T3.

*The fractional rate of transport of T3 into tissue is unaltered.

*The production rate of rT3 is unchanged, but the metabolic clearance rate is decreased, because of decreased extrathyroidal deiodination of rT3 to 3,3’diiodothyronine.

*The metabolic clearance rate of T4 is usually normal, but can be increased in pts with severe illness.

Changes in HPT axis

*The failure of serum TSH concentrations to increase despite reduced T3, and sometimes T4, suggests reduced feedback sensitivity of TSH secretion in pts with nonthyroidal illness.

*Others suggest that this indicates feedback of normal free T4 levels and that pts are “euthyroid”.

*Defective feedback could be at the level of the pituitary thyrotrophs and/or hypothalamic TRH secretion.

*Sialylation of TSH influences bioactivity and metabolic clearance.

*Reduced sialylation enhances intrinsic activity, but increases clearance, potentially reducing in vivo activity.

*Altered glycosylation has been reported in pts with nonthyroidal illness.

& Unusual patterns of thyroid function test 

Psychiatric illness

*Many psychiatric drugs influence the thyroid: 

--Lithium-impair synthesis and release of thyroid hormone.

--Recreational drug abuse also can influence thyroid function tests.

--Opiates can increase serum T4 and T3 and increase thyroxine-binding capacity.

--Amphetamine abuse is associated with elevated total T4.

--High T4 in mood disorders, mild elevated TSH in substance abuse (Biology Psychiatry 1996; 40: 1288-93)

--Post-traumatic stress disorder has slightly elevated TBG, T4, and T3 concentrations, but serum-free T4 and T3 are usually normal.

--Among pts who are hospitalized with acute psychosis, about 10% have abnormality in thyroid function, mostly with high T4, but normal TSH-transient “TSH-dependent” hyperthyroidism in these pts.

--Pt with rapidly cycling bipolar disorder may have slightly low serum T4 and high serum TSH.

--Those with major depression tend to have higher serum T4 and free T4 and low basal and TRH-stimulated TSH.

( The thyroid test abnormalities associated with psychiatric illness usually resolve over 7 to 10 days.

The hypercortisolism and hyperthyroxinemia found in pts with depression may inhibit D2 activity in the brain, resulting in low intracerebral T3. Reduced brain T3 may exaggerated reduction in serotonin-many psychiatrists use supplemental T4 and T3 to treat depression refractory to drug treatment, even in euthyroid patients.     

HIV

--In HIV pts asymptomatic-total T4 and T3 are usually normal.

--FT4 are normal or sometimes slightly low.

--Some HIV pts have slightly elevated TBG, which tends to be inversely related to the percent of CD4 cells. TBG appears to be a specific marker of the progression of HIV infection. Serum T3 a reliable prognostic indicator for AIDS, low T3 mainly present in the final stage of the disease. (Ballieres Clin Endocrinol & Metab 1994; 8: 825-35)

--In some pts, T3 increase with a paradoxical decrease rT3..

--Some pts have small increases in TSH.

Hemodialysis (J American Society of Nephrology 1994; 4: 1754-9)
--low T3 and T4 and FT4

--TSH is normal, TSH response to TRH was in the low-normal range.

--Prolactin elevated to 2 x, prolactin response to TRH was blunted.  

Hodgkin disease

--in children with newly diagnosed Hodgkin disease, borderline low T4 and mildly raised TSH were found. 

--Thyroid function turned normal within 6 months of therapy. 

--Euthyroid sick syndrome was not associated with a poorer outcome in terms of survival or long term thyroid consequences.

After bone marrow transplantation (BMT) (Transplantation 2001; 71: 406-11)

--most posttransplant thyroid disorders are now recognized as a later complication of transplantation.

--Sick euthyroid syndrome noted during 1st 6 months after BMT. 

--high incidence of transient thyrotoxicosis noted & predict the development of hypothyroidism

--Immune-mediated thyroid injury—posttransplant hypothyroidism.

--all pts experienced a significant decrease T3, increase rT3 and rT3/T3 ratio at day 14 after BMT.

--Impaired nutritional status and development of a sick euthyroid syndrome, without tendency to recovery, are associated with a higher probability of fatal outcome after BMT and have prognostic relevance. (Bone Marrow Transplantation 1998; 22: 1171-8)

Systemic sclerosis (SSc) (Clin Exp Rheumato 2000; 18: 719-24)

--low FT3 or low FT3/FT4 ratio observed.

--Anti-thyroid antibody is also frequently detected-which inhibit the activity of thyroid 5’-deiodinase, which contribute to low FT3 or FT3/FT4 ratio.

--Anti-thyroid peroxidase antibodies may play an additive role in low FT3 

--Low FT3 may directly influence the already impaired microcirculation in SSc by increasing the systemic vascular resistance.

Septic diseases (Intensive Care Medicine 1999; 25: 1402-6)
--Euthyroid sick syndrome (ESS) occurs very early during the course of septic disease.

--Significantly decreased levels of total T4, FT4, T3 and TSH in septic pts suggest central suppression of TSH as well as inhibition of thyroid hormone release in ES.

--The HPA axis is activated in septic pts and in non-septic pts and does not contribute to the development of ESS. 

Emergency operation (Surgery 1998; 123: 560-7)

--ESS is highly prevalent in the elderly with acute surgical problems and is associated with poor nutrition, higher sympathetic response, and worse postoperative outcome. The serum albumin level at admission is a specific marker of ESS. 

MICU (Ann Acad Med, Singapore 1995; 24: 802-6)

--The prevalence and prognostic relevance of alterations in thyroid function in critically ill pts—the overall mortality rate for pt with and without ESS were 40% and 6% respectively. 

--Serum T3 and T4 were reduced in 67% and 24% pts. 

--Low T3 and Low T3/T4 accounted for 55% and 29%.

--No relation noted between T4 and survival outcome while normal T3 served as a good predictor for survival.

--Dopamine infusion appears to induce or aggravate the ESS (Clin Endocrinol 1994; 41: 731-7).

Pulmonary TB (Ann Clin Biochem 1995; 32: 385-91)(Clin Endocrinol 1994; 40: 367-71)

--ESS occurred in 63-92 %, mortality increased (46% vs 6.6%)

--Who died had significantly lower FT3. Undetectable FT3 at present associated with mortality 75%.

--Of the survivals, significant rise in FT4 following Tx (1 month).

--Hypogonadal axes also noted (72%), but hypoadrenalism is uncommon (4%).

& Physiologic basis for thyroid function test changes in illness

Factors underlying altered thyroid hormone metabolism and action

Reduced serum thyroid hormone binding proteins

Reduced Type 1 5’-deiodinase (D1) activity

Increased Type 3 5’-deiodinase (D3) activity

Inhibition of TRH/TSH-dopamine, glucocorticoids, and leptin

Cytokine action on hypothalamus, pituitary, and thyroid

Limited availability of thyroid receptor coactivators

Altered thyroid hormone receptor (TR) expression

Reduced TSH bioactivity caused by altered glycosylation

Inhibition of iodothyronine deiodinases

The reduced rate of extrathyroidal production of T3 and reduced metabolic clearance of rT3 can be explained by reduced D1 activity.

The decrease in activity may be related to inhibition by drugs (glucocorticoids, propranolol, and amiodarone), decreased expression, reduced activity, or lack of critical cofactors including selenium.

Influence of T4 binding to serum proteins on FT4 measurements

Serum TBG are usually normal in pts with nonthyroidal illness, but pts with severe illness have low concentrations.

Serum transthyretin and albumin concentration also can be low.

Reduction in serum-binding proteins results in lower total T4 but does not affect free thyroid hormone concentrations directly. However, low binding proteins can influence free T4 measurement by the analog method.

Recent study investigated the influence of serum proteins on free T4 measurements-the values ranged from 2% to 155% and varied significantly among the different methods.

Another potential cause for reduced serum binding of T4 is presence of an inhibitor of binding: nonprotein inhibitors of T4 binding to TBG include lasix, fenclofenac, and salicylate.

An increase in dialyzable fraction of T4 has been noted after addition of serum from pts with nonthyroidal illness.

Free fatty acids have been implicated as nonprotein inhibitors of T4 binding.

Other studies, have not demonstrated endogenous inhibitors of T4 protein binding in the sera of sick pts.

Inhibitory effects of cytokines

IL-1, IL-6, TNF- and interferon-r, NF-kappa B are elevated in illness and have effects on thyroid function at multiple levels. (European J Endocrinol 2000; 143: 179-84)(JCEM 2001; 86: 4198-205)(J Clin Invest 2000; 106: 393-402)
--Cytokines inhibit synthesis and secretion of TSH, thyroglobulin, T3 and TBG.

--Administration TNF- or IF-r to normal subjects has resulted in reduced T3, increase rT3, and reduction in TSH, whereas total T4 & FT4 were not changed significantly.

--Chronic administration of cytokines to human or animals also produces changes in thyroid hormone metabolism and regulation.

--Cytokine reduce gene expression in FRTL5 thyroid follicular cells including D1 mRNA and enzyme activity and sodium/iodide symporter mRNA.

--TNF- impairs hypothalamic, pituitary, and thyroid cell responsiveness as shown by in vitro and in vivo studies.

The extent to which cytokines influence thyroid function in sick patients is not clear.

Overexpression of type 3 iodothyronine deiodinase

--D3 is found in placenta, skin, vascular tissue, and the developing brain.
--It catalyzes conversion of thyroxine to rT3 and T3 to T2, both of which are biologically inactive.

--D3 is expressed in vascular endothelial cells, and overexpression could result in thyroid function test changes similar to those seen in nonthyroidal illness (low T4, high rT3 and low T3). In nonthyroidal illness, TSH is not elevated.

TR

2 TR genes, and , and several isoforms of each receptor 

--Developmental and tissue-specific patterns of isoform expression have been described.

--Increase in thyroid hormone receptor expression was seen in sick pts in peripheral mononuclear cells and in liver tissue-may be a compensation of reduced thyroid hormone action in some tissues.

--A large family of receptor coactivators and corepressors modulate receptor action in various tissues

--Recent study shown that increased expression of cytokines may limit the amount of coactivator to TR that is required for normal T3 induction of D1-contribute to the reduced D1 activity seen in nonthyroidal illness syndrome.

Thyroid hormone action on the heart

--Both by direct regulation of gene expression and indirectly by augmentation of adrenergic activity

--Model of myocardial infarction and cardiac deprivation have shown reduced T3 dependent cardiac gene expression.

--Tx with T3 normalizes expression of most genes and improves cardiac contractility. 

--In pt received CABG (EF <40%), IV T3 did not improve overall outcome, but a number of hemodynamic measurements were improved, the incidence of postoperative atrial fibrillation and ventricular arrhythmias were not increased. 

--Studies of the TR crystal structure have led to the development of TR isoform-selective thyroid hormone agonists-the potential for selectivity targeting desired action has been established. 

--In pt with moderate-to-severe heart failure, sick euthyroid syndrome shows a prevalence of 18%, its occurrence was related to the degree of functional cardiac impairment, but was not an independent negative prognostic factor. Preliminary results indicate that heart transplantation is associated with reversibility of ESS.(European Heart J 1996; 17: 1860-6)

--Sick euthyroid syndrome in patients with compensated & decompensated chronic heart failure (J Cardiac Failure 2001; 7: 146-52)

Decreased TRH mRNA (Peptides 2001; 22: 459-65)

Change in neuropeptide Y (NPY) input from the infundibular nucleus (IFN) to TRH cells in th eparaventricular nucleus (PVN) might be a determinant of decreased TRH expression in non-throid illness (NTI)

Leptin (Gerontology 2000; 46: 64-70)

--concurrence of modifications in plasma leptin and thyroid hormones conc. Found in elderly NTI could reflect a particular neuroendocrine status, leading to a reduction in the catabolic processes in the course of chronic illness.

& Identifying primary thyroid disease in patients with nonthyroidal illness

Pts with hyperthyroidism may have normal total T4 and even T3, because of reduced serum binding of thyroid hormone, and reduced T4 to T3 conversion.

TSH measured by a third-generation assay typically is undetectable in hyperthyroidism, a feature of <1% of pts with nonthyroidal illness.

Diagnosing hypothyroidism is challenging also.

Although elevated TSH >20uU/mL can be seen in the recovery phase of nonthyroidal illness, an initial TSH>25-30 uU/mL strongly suggests primary hypothyroidism.

TSH is above normal in 12% pts with nonthyroidal illness and it is >20uU/mL in <3% of these pts.

A low FT4, in absence of treatment with TSH suppressive drugs, is suggestive of hypothyroidism.

2nd hypothyroidism should be considered and is usually associated with other evidence for pituitary/hypothalamic dysfunction, although this can be difficult to document in the presence of severe illness.

rT3 is generally low in hypothyroidism and high in nonthyroidal illness.

A combination of tests is usually necessary to differentiate primary hypothyroidism from euthyroidism in this setting.

Thyroid autoantibodies support a diagnosis of primary hypothyroidism caused by Hashimoto’s thyroiditis.

Systemic review of literature from 1966-1996:

The prevalence of thyroid disease among inpatients was approximately 1-2%, similar to outpatient population.

Absence of clinical features of thyroid disease lowed the pretest likelihood and made thyroid screening less useful.

The presence of clinical features of thyroid disease increased the pretest likelihood and yield of testing.

Acute illness reduced the specificity of 2nd-generation TSH assay for thyroid disease.

The positive likelihood ratio associated with an abnormal serum TSH result in ill inpatients was approximately 10 compared with approximately 100 in outpatients, a 10-fold reduction in sensitivity.

In general medical inpatients, TSH was abnormal in 17% pts and on follow up, 85% pts with initial abnormal TSH were euthyroid by thyroid function tests and clinical examination.

A similar rate of normal thyroid studies was noted on psychiatric pts with initial abnormal TSH.

In hospitalized pts in whom pretest probability is low, thyroid testing should be deferred until the pt has recovered from acute illness.

Among inpatients with S & S of thyroid disease, thyroid testing is appropriate.

& Thyroid hormone treatment    

Debatable

Most agree that such pts should not be treated routinely with either T3 or T4 to correct the condition, because they are considered “euthyroid”, as reflected by normal TSH.

Pts in whom primary thyroid disease is suspected on a clinical basis can be treated safely with thyroxine until diagnosis established.

There are proponents of treatment of the low T3 state with T3, because it is the active form of thyroid hormone at a molecular level.

Additionally, it is documented that there is a significant inverse relationship between severity of reduction in T4 concentrations in nonthyroidal illness and mortality rates.

Previous studies have shown a lack of clinical effectiveness of IV T4 in critically ill pts.

These negative results may reflect the failure of T4 therapy to correct low circulating T3 levels effectively.

The primary rationale against routine treatment is the absence of consistent evidence of a hypothyroid state, the possibility that the low T3 syndrome is adaptive, and that the abnormalities are 2nd to a primary process mediated by other hormone such as cytokines or glucocorticoids.

& Summary

Altered thyroid function tests as a consequence of illness have been recognized for many years, yet the cause and clinical implications remains uncertain.

The routine testing of thyroid function in hospitalized pts should be discouraged, as the results are less predictive of primary thyroid disease.

Clinicians should be aware of the methods used for thyroid function testing, as the effect of illness on thyroid function varies among the different tests.

The most commonly used FT4 assays likely are influenced significantly by nonthyroidal illness.

Advances in understanding the basic mechanisms of thyroid hormone metabolism and thyroid hormone action have given insights into the changes in thyroid function tests as a consequence of nonthyroidal illness.

In the future, thyroid hormone receptor isoform-specific agonists and antagonists may allow for more specific treatment of select pts with nonthyroidal illness syndrome. 
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