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Abstract 
Background: Low free T4 and normal/low TSH concentrations are often 
noted in clinical practice and denote presence of “Euthyroid Sick Syndrome” 
or Central Hypothyroidism. However, accurate diagnosis is difficult even 
with determination of free T3 being low/normal in both. Repeated determi-
nation of these tests may help differentiate between these disorders. Objec-
tive: Evaluation of reverse T3 to differentiate between “Euthyroid Sick Syn-
drome” and Central Hypothyroidism. Subjects and Methods: Free T3 and 
Reverse T3 were determined as “add on” tests using previously drawn blood 
samples of 78 consecutive adults showing low free T4, 0.80 ± 0.02 and 
low/normal TSH, 1.29 ± 0.40 [normal ranges, 0.89 - 1.70 mcg/dl; 0.45 - 4.67 
uU/ml]. Free T4, free T3, TSH and reverse T3 levels were also determined in 
age-matched 35 healthy volunteers and reassessed in study group. Statistical 
analyses for comparisons were conducted between groups. All data are re-
ported as Mean ± SEM. Results: Reverse T3 established two distinct groups: 
1) subnormal concentrations, 8.31 ± 0.52 [range, 11 - 14 ng/dl]; 2) supernor-
mal levels; 32 ± 4 [normal Range 12 - 26]. Free T3 concentrations were sub-
normal or normal, 1.6 - 2.9 [normal range, 2.3 - 4.2 ng/ml] in individuals 
amongst both groups. On reassessment after 3 - 6 weeks, free T4, free T3, 
TSH and reverse T3 normalized in group with normal or elevated reverse T3 
indicating recovery from “Euthyroid Sick Syndrome” whereas free T4 and 
reverse T3 remained subnormal in the other group suggesting presence of 
Central Hypothyroidism. Conclusion: Reverse T3 is a reliable laboratory test 
differentiating between Central Hypothyroidism and “Euthyroid Sick Syn-
drome” in subjects with low free T4 and low/normal TSH levels. 

 

 

*The data was presented in part at annual meeting of American Thyroid Association in 2019. Short 
call, poster 36. 
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1. Introduction 

Euthyroid sick syndrome, also known as non thyroidal illness refers to changes 
seen in in vitro thyroid function tests in presence of acute or chronic illness as 
well as during starvation and carbohydrate deprivation [1]-[15]. Abnormal con-
centrations of thyroid hormone and Thyroid stimulating hormone [TSH] are at-
tributed to altered thyroid hormone metabolism in peripheral tissues as well as 
probable inhibition of hypothalamic-pituitary-thyroid axis [9]-[18]. The pat-
terns include low T3 and free T3 with both normal or subnormal T4 during the 
initial stage of an illness and variable thyroid-stimulating hormone levels 
ranging from subnormal to elevated depending on outcome of the illness in-
cluding death or recovery respectively [Table 1]. Low free T4 and normal or 
subnormal levels are also frequently encountered in outpatients during screen-
ing for thyroid dysfunction and may indicate presence of central hypothalamic 
or hypopituitary hypothyroidism. Simultaneous elevation of reverse T3 is also 
well documented in euthyroid sick syndrome [1]-[16]. However, the data re-
garding reverse T3 concentration in central hypothyroidism especially is sparse 
in children and none in adults [19] [20] [21]. Therefore, we determined reverse 
T3 in subjects with low free T4 and normal or subnormal TSH levels to assess its 
utility in distinguishing between central hypothyroidism and euthyroid sick 
syndrome in adult subjects. 

2. Subjects and Methods 

Serum Free T3 and Reverse T3 concentrations were determined in 78 consecu-
tive adult subjects, 34 men and 44 women with ages, 28 - 69 years with low se-
rum free T4, 0.80 ± 0.02 [normal range, 0.89 - 1.70 mcg/ dl] and low/normal 
TSH, 1.29 ± 0.40 [normal range, 0.45 - 4.67 uU/ml] concentrations referred  
 
Table 1. Thyroid hormone concentration during acute illness. 

Stages of Illness T4 T3 RT3 FT4 TSH ∆TSH* 

I (Mild) N or ↑ or ↓ ↓ ↑ N N N 
II (Severe) N or ↓ ↓↓ ↑↑ N N ↓ 

III (Critical) ↓↓ ↓↓↓ ↑↑↑ N ↓ ↓↓ 
IV (Early Recovery) ↓ ↓ ↑ N ↑ ↑ 

V (Post Recovery N N N N N N 
N = Normal ↑ = Increased ↓ = Decreased *TSH response to TRH stimulation. Reprinted with permission 

from reference 8. 
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to endocrinology clinic at academic medical center during 12 months, 
1/1/2019-12/31/2019. Serum free T4, free T3, TSH and reverse T3 levels were 
also determined in age matched 35 healthy volunteers, 25 men and 30 women 
and reassessed at 3 - 6 weeks in subjects in the study group. All determinations 
were performed in the local clinical laboratory using well established kits using 
enzymatic assays [Abbot Laboratories, Abbot Park, Illinois]. Inter assay and 
intrasssay coefficients of variation ranged between 10% - 15%. Statistical analys-
es for comparisons between groups were conducted using Student’s “t” test and 
ANOVA. All data are reported as Mean ± SEM. 

3. Results 

In subjects with low free T4 and subnormal or normal TSH levels, reverse T3 
determination established two distinct groups: one with subnormal concentra-
tions and the other with supernormal levels [Table 2]. Serum free T3 concentra-
tions varied between subnormal and normal concentrations in both groups es-
tablished by reverse T3 [Table 2]. Moreover, on reassessment after 3 - 6 weeks, 
free T4, free T3, TSH and reverse T3 levels normalized in the group with ele-
vated reverse T3 indicative of recovery from “Euthyroid Sick Syndrome”. In the 
other group, reverse T3 remained subnormal while free T4, free T3 and TSH le-
vels remained unchanged suggesting presence of Central Hypothyroidism 
[Table 3]. Finally, free T4, free T3 and Reverse T3 normalized following therapy 
with LT4 in subjects deemed to manifest central hypothyroidism [Table 4]. 
 
Table 2. Age and serum free T4, free T3, TSH and reverse T3 concentrations in subjects 
with Euthyroid sick syndrome and central hypothyroidism. 

 
Normal Subjects Range 

Euthyroid Sick 
Syndrome 

Central 
Hypothyroidism 

Age (Years) 48 ± 4.8 25 - 71 50 ± 3.6 47 ± 4.4 

Free T4 (ug/dl) 1.26 ± 0.15 0.89 - 1.70 0.82 ± 0.02 0.85 ± 0.02 

Free T3 (ng/dl) 3.5 ± 0.32 2.3 - 4.2 2.61 ± 0.23 3.05 ± 0.18 

TSH (uU/ml) 3.1 ± 0.42 0.45 - 4.67 1.67 ± 0.38 1.21 ± 0.50 

Reverse T3 (ng/dl) 17.6 ± 2.3 11 – 26 23.81 ± 1.2 8.78 ± 0.55* 

*p < 0.01 vs Normal subjects. 
 
Table 3. Serum free T4, free T3, TSH and reverse T3 concentrations in subjects with Eu-
thyroid Sick Syndrome (ESS) and Central Hypothyroidism (CH) at initial determination 
(Pre) and on reassessment (Post) after 3 - 6 weeks. 

 ESS Pre ESS Post CH Pre CH Post 

Free T4 0.82 ± 0.02 1.28 ± 0.4* 0.85 ± 0.02 0.81 ± 0.03 

Free T3 2.61 ± 0.23 3.56 ± 0.32* 3.05 ± 0.18 2.89 ± 0.27 

TSH 1.67 ± 0.38 2.23 ± 0.42* 1.21 ± 0.50 1.25 ± 0.43 

Reverse T3 23.81 ± 1.2 14.76 ± 0.84* 8.78 ± 0.55 7.79 ± 0.58 

*p < 0.01 vs. ESS Pre. 
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Table 4. Free T4, Free T3 and reverse T3 prior to (Pre Rx) and 3 months after 
administration of Levothyroxine (Post Rx). 

 Free T4 ug/dl Free T3 ng/dl Reverse T3 ng/dl 

Pre Rx 0.81 ± 0.03 2.89 ± 0.27 7.79 ± 0.58 

Post Rx 1.34 ± 0.21* 4.23 ± 0.45* 18.32 ± 1.12* 

*0.01 vs. Pre Rx. 

4. Discussion 

Thyroid hormone alterations are well established to occur during an acute or 
chronic illness including postoperative period as well as following caloric restric-
tion and carbohydrate deprivation despite adequate caloric intake [1]-[15]. 
During a critical illness, the changes in concentrations of thyroid hormones and 
TSH continue to evolve depending on survival or recovery [Table 1]. These 
thyroid hormone changes are labeled “euthyroid sick syndrome”. The hallmark 
of the “syndrome” includes fall in T3, the rise in reverse T3 and both T4 and 
TSH concentrations remaining in the normal range at the onset of illness. With 
progression of illness, both the decline in T3 and a rise reverse T3 exacerbate 
further with lowering of both serum T4 and TSH to subnormal levels. These 
changes continue the pattern if illness results in death. Alternatively, TSH rises 
to supernormal levels with onset of recovery. Finally, all these thyroid function 
tests normalize following a total recovery. These transient changes are attributed 
to altered thyroid hormone metabolism as well as transient “hypothalamic hy-
pothyroidism” due to impaired release of Thyrotropin releasing hormone [TRH] 
as well as inhibition of hypothalamic pituitary thyroid axis [10]-[18]. In contrast, 
persistent central hypothyroidism [CeH] is a rare disorder caused by reduced 
generation of T4 by an otherwise normal thyroid gland due to decreased sti-
mulation by absolute or relatively subnormal circulating TSH induced by 
decline in synthesis or release of TSH consequential to hypo function of pituitary 
thyrotrophs [20] [21] [22] [23]. Alternatively, inhibition of synthesis and release 
of TSH may also be induced by a decline in circulating TRH induced by a dis-
order of the hypothalamus [20] [21]. Finally, both forms of central hypothyroid-
ism require imaging to ascertain presence of local anatomical abnormalities in-
cluding tumor, infiltrating or inflammatory disorders. 

Both “Euthyroid Sick syndrome” and central hypothyroidism tend to manifest 
identical laboratory abnormalities including low T4 and/or low T3 and normal 
or low TSH concentrations. This study demonstrates that elevated reverse T3 on 
initial determination with return to normal on subsequent testing may indicate 
presence of “Euthyroid sick syndrome”. Alternatively, subnormal reverse T3 
noted at initial assessment and remaining low at repeated evaluation may sug-
gest presence of central hypothyroidism. Moreover, normalization of free T4, 
free T3 and reverse T3 with persistent normal or low TSH on supplementation 
of LT4 may confirm the diagnosis of central hypothyroidism. 

Data regarding reverse T3 concentrations in central or primary hypothyroid-
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ism especially is limited. Low reverse T3 has been documented in congenital 
central hypothyroidism in isolated reports [20] [21]. However, reverse T3 con-
centration in central or primary hypothyroidism in adults is rarely described in 
the literature [22] [23]. 

Low T3 and T4 levels with elevated reverse T3 concentrations in “euthyroid sick 
syndrome” are well established to be secondary to inhibition of monodeiodinase 
required for conversion of T4 into T3 as well as reverse T3 into diiodothyronine 
[T2] in nonthyroidal tissues. In contrast, low reverse T3 in central hypothyroid-
ism may be induced by decreased synthesis and release of T4 by the thyroid 
gland secondary to hypo function of the pituitary thyrotrophs or TRH generat-
ing cells of hypothalamus. 
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