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ABSTRACT
To assess the efficacy of reverse T3 in differentiating between the hypothyroid and euthyroid state in the setting of
illness, all reverse T3 determinations obtained over a 4-year period in a University teaching hospital were analyzed
in the context of concurrent thyroid function tests, bilirubin, albumin, creatinine, subsequent treatment, and fol¬
low-up. Based on T4 (or free T4 index) and TSH, the thyroidal state of the patient and the appropriateness of the
reverse T3 determination were assigned. A total of 262 reverse T3 determinations were made in 246 patients. There
is an inverse linear relationship between the log TSH and the reverse T3. Patients with hypothyroidism plus illness
may have a normal reverse T3 and patients with euthyroidism may have a low reverse T3. Reverse T3 is linearly
related to bilirubin up to a bilirubin of approximately 171 µ (10 mg/dL). Sixty percent of the reverse T3 deter¬
minations were obtained for seemingly inappropriate indications. In association with a low free T4 index/T4, an un¬
measurable reverse T3 did not lead to institution of thyroid hormone treatment in over 52% of cases. Although re¬
verse T3 may be elevated in the setting of nonthyroidal illness, it is not reliable in distinguishing between the
hypothyroid sick patient and the euthyroid sick patient. This is probably because of drug and disease effects on
thyroid hormone metabolism as well as the presence of sufficient T4 substrate for conversion to reverse T3 in many
hypothyroid sick patients.

T3 in the setting of hypothyroidism

INTRODUCTION

and illness versus euthy¬
syndrome—which more clearly simulates clinical
practice—has not been demonstrated. The experience in a
University teaching hospital system was reviewed to assess the
efficacy of reverse T3 in differentiating between the hypothy¬
roid and euthyroid state. The data suggest that reverse T3 is not
reliable in differentiating between the hypothyroid sick syn¬
drome and the euthyroid sick syndrome.

roid sick
function tests obtained in the hospital setting are
often abnormal secondary to changes due to nonthyroidal
a condition referred to as the euthyroid sick syndrome
(1-4). Although decreased T3 is the earliest and most frequent
abnormality in thyroid hormone concentration observed in hos¬
pitalized patients (2,5,6), it is more typical for questions of thy¬
roidal state to arise due to abnormalities of the measured T4 or
TSH concentration. Specifically, illness associated decreases in
the T4 and/or free T4 index without significantly elevated TSH
might be seen in the euthyroid sick syndrome or in ill patients
with hypothyroidism (7). The hypothyroidism may be either
primary with drug or illness induced lowering of the high TSH
or it may secondary, or of central origin (8). It has been sug¬
gested that reverse T3 may be useful in resolving this diagnos¬
tic dilemma (9-11). Reverse T3 may be increased in euthyroid
patients with illness and it is low in patients with hypothy¬
roidism (1,9,10). However, in previous reports, the diagnosis
of euthyroid sick syndrome or hypothyroidism was established
prior to the measurement of reverse T3. Not all of the hy¬
pothyroid patients were ill. Hence, the efficacy of using reverse
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MATERIALS AND METHODS

study population included all patients from within the
University of Pittsburgh Medical Center (UPMC) system who
had a reverse T3 determination over the period between January
1991 and December 1994. The patients were identified by a
search of the computerized electronic medical record system,
which includes all laboratory data. Individual patient data were
recorded including reverse T3, total T4, thyroid hormone bind¬
ing ratio (THBR), free T4 Index (FTI), TSH, total T3, free T3,
bilirubin, albumin, and creatinine. Only data obtained simulta¬
neously or within 1 day of the reverse T3 (rT3) were used in
The
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the analysis. All laboratories were not obtained in all patients
studied. The UPMC system includes 3 hospitals as well as out¬
patient clinics that serve the surrounding and outside referral
community at primary as well as tertiary care levels. Therefore,
a wide range of physicians order tests within the system, in¬
cluding private physicians, housestaff, and medical school fac¬
ulty. Thyroid function tests may be order as part of a battery
comprised of T4, THBR, and FTI or as individual tests.
Individual patients were categorized for thyroidal state based
on their free T4 index and/or T4 (where index determinations
were not performed) plus TSH level. The categories included
the following:

Euthyroid: normal TSH 0.5-5 mU/L and normal FTI and/or T4
Possible hypothyroidism: TSH > 5 mU/L and low FTI and/or
T4
Possible thyrotoxicosis: high FTI and/or T4 and TSH < 0.2
mU/L
Low T4 nonthyroidal illness: TSH < 5 mU/L and low FTI
and/or T4
Subclinical hypothyroidism versus high TSH nonthyroidal ill¬
ness: TSH > 5 raU/L and normal FTI and/or T4
Low TSH nonthyroidal illness versus subclinical thyrotoxico¬
sis: TSH < 0.5 mU/L and normal T4 and/or FTI
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1.38-3.38 nM (90-220 ng/dL). Bilirubin, albumin, and creati¬
nine were measured using Kodak Ektachem slides. The normal
range of serum bilirubin is 3-22 µ (0.2-1.3 mg/dL).
Statistical analysis was performed by linear regression analy¬
sis and analysis of variance before and after log transformation
of the data. A < 0.05 was considered significant.

RESULTS
There were 262 reverse T3 determinations in 246 patients.
There were 141 females and 105 males. The mean age of the
population was 55 years with a range of 16 to 89. All except
25 reverse T3 determinations were made in hospitalized pa¬
tients. The majority of patients (227) had reverse T3 determined
on only one occasion. Sixteen had two determinations and three
had 3 determinations. After excluding one patient with a sec¬
ond reverse T3 level of 10.1 nM (661 ng/dL), the mean reverse
T3 on first determination was 0.30 ± 0.09 nM (19.3 ± 6.0
ng/dL) and on the second determination was 0.34 ± 0.06 nM
(22.1 ± 3.9 ng/dL), a nonsignificant difference. There was also
no difference between the first and second T4, FTI, or TSH lev¬
els. In 5 patients the reverse T3 increased from <0.15 nM (< 10
ng/dL) into the normal or slightly elevated range. In 2 patients
it decreased from high or normal into the unmeasurable range.
Associated thyroid hormone and TSH concentrations were
used to evaluate indications for determination of reverse T3.
Appropriate indications were found in only 25% of determina¬
tions. In an additional 15% the indications were questionable.
Sixty percent of the reverse T3 determinations were obtained
for inappropriate indications, including patients with normal
thyroid function tests (TFTs), thyrotoxicosis, or hypothy¬
roidism. In 12% of the determinations reverse T3 was an iso¬
lated test and therefore either a mistake or questionable by the
previously defined criteria. In addition, free T3 by equilibrium
dialysis was frequently ordered in association with reverse T3

Indications for obtaining reverse T3 were graded as either ap¬
propriate, questionable, or inappropriate based on concomitant
thyroid function tests and past suggestions that reverse T3 may
help to differentiate hypothyroidism from euthyroidism in the
setting of illness. Specifically, reverse T3 determination was con¬
sidered to be appropriate in patients with low T4 nonthyroidal
illness with TSH < 10 and questionable in those with subclini¬
cal hypothyroidism versus high TSH nonthyroidal illness and
those with low TSH nonthyroidal illness versus subclinical thy¬
rotoxicosis. TFTs consistent with the euthyroid, possible hy¬
pothyroid, or possible thyrotoxicosis categories were considered
to be inappropriate indications for rTî determination.
not shown).
Where indicated, chart review was performed. Chart review (data
consisted of reviewing diagnosis, notes, medications, and or¬
Effect of thyroidal state on reverse T3
ders from the time of interest as well as past or follow-up thy¬
roid function tests and treatment with thyroid hormone.
Analysis of the population demonstrates that thyroidal state
Reverse T3 was measured by radioimmunoassay (Nichols has an effect on the reverse T3 concentration (Fig. 1). There is
Institute Reference Laboratories). The assay employed uses a an inverse linear relationship between the log TSH and the re¬
rabbit antireverse T3 and 131I-reverse T3. The bound/free sep¬ verse T3. This supports previous reports that in hypothyroidism
aration is achieved by using a goat antirabbit antibody. The first reverse T3 is low and in thyrotoxicosis reverse T3 is high. When
antibody does not cross react with T3, T2, or T] and has less the same data are grouped by reverse T3 categories, as might
than 0.1% cross-reactivity with T4. Interassay variation for this be used in clinical practice, this observation is preserved (Table
assay is <10%. The assay has a sensitivity of 0.15 nM (10 1). In the patients with normal reverse T3 levels, mean thyroid
ng/dL) and a reported normal range between 0.15 and 0.37 nM hormone and TSH levels were normal. In patients with un¬
(10-24 ng/dL). During the period of the study TSH, T4, THBR, measurable reverse T3, there was a significantly decreased T4
FTI, T3, bilirubin, creatinine, and albumin were measured in of 55.3 ± 3.9 nM (4.3 ± 0.3 /ig/dL). The free T4 index was
the UPMC clinical laboratory. During the study period from also decreased and TSH increased relative to those with nor¬
1991 until 1994 TSH was measured by a second generation as¬ mal reverse T3 levels, but this did not achieve statistical sig¬
say (Bio-Rad or Abbott). A few TSH determinations were made nificance. Conversely, in the group with high reverse T3, the
using other assays (Hybritech, Kalsted). All assays had an in¬ T4 and free T4 index were higher (FTI 110 ± 14.2 nM, 9.3 ±
terassay coefficient of variation between 6.1 and 14.4% in the 1.1 Mg/dL, < 0.05) and the TSH was lower, but again did not
normal TSH range and between 13-1% and 15.4% in the TSH achieve statistical significance compared to the normal reverse
range 0.1-0.4 raU/L. The normal range for total T4 (Abbott T3 group. These data again reflect the overall effect of thyroidal
IMX) is 64.4-154 nM (5-12 ¿ig/dL) and for THBR 0.80-1.2. state on reverse T3 levels, even in a population where most of
Total T3 (T3 magic assay by Corning) had a normal range of the patients are hospitalized.
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the remainder of the population
normal thyroid function (46%)

was
or

comprised of patients with
nonthyroidal illness

low T4

(20%).

High reverse T3 was found mostly in patients with either nor¬
mal TFTs or low FTI/T4 NTI pattern TFTs (Table 2). Reverse
T3 was above normal in one patient with low T4 and TSH be¬
tween 5 and 10 mU/L and in 2 patients with normal FTI/T4 and
TSH between 5 and 10 mU/L. Here, the reverse T3 levels were
0.48, 0.60, and 0.55 nM (31, 39, and 36 ng/dL). This level of
reverse T3 may also be seen in those with thyrotoxicosis or in
association with normal T4 or FTI with TSH < 0.5 mU/L.
The group of patients with unmeasurable reverse T3 is of par¬
ticular interest. Of the 58 unmeasurable reverse T3 determina¬
tions, 14 were associated with normal TFTs consistent with a
euthyroid status and 11 had TFTs consistent with probable hy¬
pothyroidism (TSH > 10 mU/L in 9, > 5 mU/L in 2). Only 19
of the cases were consistent with an abnormal pattern of TFTs
for which a reverse T3 might have been indicated (Table 2).
Chart review of the patients with unmeasurable reverse T3
and either normal TFTs or the low T4 nonthyroidal illness pat¬
tern of TFTs was performed to compare their diagnosis and if
they were treated for hypothyroidism (Table 3). Some of NTI
pattern patients were on drugs that might have suppressed an
otherwise high TSH (3 on dopamine, 11 on corticosteroids).
Interestingly, only 2 of the 19 patients with NTI pattern TFTs
were started on l-T4 treatment following the report showing a
low reverse T3. In all, six patients were either already on chronic
thyroid hormone or started days prior to the low reverse T3 de¬
termination and the remaining 11 were not given l-T4 therapy.
Four of the six patients had findings supporting hypothy-

Log

TSH

FIG. 1.
=

Inverse relationship between log TSH and reverse
0.183. Reverse T3 is expressed as nmol/L.
r

0.009,

T3.

=

Correlation

of reverse T3 subcategory with thyroidal state
To establish the efficacy of using reverse T3 in differentiat¬
ing euthyroid sick syndrome from hypothyroid sick syndrome
it is necessary to compare the thyroidal status of the individual
patients within the reverse T3 categories.

Analysis of the normal reverse T3 subgroup reveals a wide
range of thyroidal states as assessed by concomitant thyroid
hormone and TSH levels (Table 2). Here, 4 normal reverse T3
determinations were associated with TSH > 10 mU/L and low
FTI/T4. Specifically, the reverse T3 levels in these cases were
0.25 nM (16 ng/dL) in two, 0.17 nM (11 ng/dL) and 0.29 nM
(19 ng/dL). Likewise, 8 with TSH between 5 and 10 mU/L and
normal FTI and/or T4 had normal reverse T3 levels. Most of
Table 1. The Effect
Low

T4

55
1.1
60
10
1.2

THBR
FTI
TSH

±

3.9*·#

±0.04
±

±

5.1*
2.8*

± 0.1
_*,#

T3

rT3

of

Thyroidal State

on

Reverse

Normal

High

79 ± 2.6t
1.1 ±0.02
84 ± 2.6*

90 ± 6.4t
1.2 ± 0.04
120 ± 14t*

T3

Highest
116 ± 62f
1.6

386t·*·*

1.5 ± 0.2t
1.7 ± 0.3
0.69 ± 0.03t·*

4.7 ± 1.6
1.4 ± 0.1
0.25 ± 0.011

2.1 ± 1.5
0.8
3.9 ± 1.4f·*·*

"The data are grouped by reverse T3 categories. Reverse T3 categories are low < 0.15 nM (< 10 ng/dL), normal
0.15-0.37 nM (10-24 ng/dL), high 0.38-1.52 nM (25-99 ng/dL), highest > 1.54 (>100 ng/dL). \p < 0.05 com¬
pared with low group; *p < 0.05 compared with normal group; *p < 0.05 compared with high group.

Table 2. Reverse

T3 Subcategory

Low

[n

Thyroidal state

14

(36)
2(3)

21

hypothyroid

vs. high TSH NTI
Subclinical thyrotoxic
vs. low TSH NTI
Insufficient data

"Reverse T3 categories

2(3)
7(12)
are

the

same as

Thyroidal State

Normal

[n

=

104(%)]

(46)
4(4)

48

In

High
94(%)1

=

33 (35)

(20)
8(8)

1(1)
10(11)
21 (22)
2(2)

9(9)

15 (16)

0

T4 NTI

Subclinical

58(%)]

(24)
11(19)

Normal

Hypothyroid
Thyrotoxic
Low

=

and

0
21

14

(13)

12(13)

in Table 1. Thyroidal state was determined as defined in the methods section. NI, normal.

In

Highest
6(%)1
=

1(17)
0

1(17)
2(33)
1(17)

1(17)
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Table 3. Normal or Low NTI Pattern TFTs
Unmeasurable Reverse T3

Normal
Total

13
2
0
0
0
0
2
0

Phenytoin
Steroids

Dopamine

On L-T4 at rT3
L-T4 post-rT3
Head trauma
CRI/CRF

and

Low

T4 NTI
19
4
11*
3
6
2
2
1

"The number of patients in each group is shown. L-T4 at rT3 indicates the
number of patients who were on L-T4 at the time reverse T3 was determined.
1.-T4 post-rT3 indicates the number of patients who were started on L-T4 af¬
ter determination of unmeasurable reverse T3. rT3, reverse T3; CRI/CRF,
chronic renal insufficiency/chronic renal failure. *p < 0.01.

well-documented prior diagnosis of hy¬
treated with cytomel as an outpatient
determination.
reverse
to
Four had possible central hy¬
T3
prior
pothyroidism by history of pituitary tumor or pituitary surgery.
None of the patients with normal TFTs and unmeasurable re¬
verse T3 was started on l-T4. Conditions that are known to be
associated with low or normal reverse T3 were found in both
groups, including head trauma and phenytoin therapy. Four pa¬
tients in the NTI pattern TFT group were on phenytoin and lT4 was started prior to rT3 determination in 3 of them. In all,
52% with the nonthyroidal illness pattern of laboratories were
not treated for hypothyroidism despite an unmeasurable reverse
roidism. One had
pothyroidism that

one was on dopamine. Three pa¬
chronically on thyroid hormone to treat previously
diagnosed hypothyroidism. These patients had reverse T3 lev¬
els between 0.31 and 1.2 nM (20 and 75 ng/dL). Only two pa¬
tients from this group who were not already on thyroid hor¬
mone replacement were started on l-T4. One was a patient with
possible central hypothyroidism due to resection of a pituitary
adenoma and the other w.as a patient with a subdural hematoma.
Both patients were also on phenytoin and had reverse T3 lev¬
els < 0.15 (10 ng/dL).

were on

tients

a

was

corticosteroids and

were

Thus, in association with a TSH > 10 and unmeasurable re¬
T3, treatment and subsequent laboratory confirmation of
hypothyroidism were not uncommon. However, patients on lT4 with evidence of insufficiently treated hypothyroidism of¬
ten demonstrated reverse T3 levels in the normal range. This
verse

illustrates the influence of the degree of hypothyroidism on re¬
verse T3 levels in that subclinical hypothyroidism and even
overt insufficiently treated hypothyroidism can be associated
with normal reverse T3 in the setting of illness. Likewise, pa¬
tients with normal T4 and/or FTI with TSH between 5 and 10
could demonstrate high reverse T3 concentration. It is not pos¬
sible from the available follow-up data to establish if this last
group of patients had only NTI or if they had hypothyroidism
plus NTI.

Hypothyroid sick syndrome: a case report
The patient is a 32-year-old female with a history of malig¬
nant thymoma treated with external beam radiation and
chemotherapy. She was found to have abnormal thyroid func¬
tion tests during a complicated hospital course following a triT3.
cuspid valve replacement. Medications at the time of first eval¬
uation included dopamine and hydrocortisone, as well as others
not known to affect thyroid function. On examination she was
Reverse 3 in the setting of high TSH
Her T4 was 29.6 nM (2.3 /¿g/dL), THBR 1.44, FTI
euthyroid.
It is instructive to closely examine the data from the patients
42.6 (3.31), TSH 3.87 mU/L, T3 RIA < 0.38 nM (<25 ng/dL),
with high TSH. TSH > 10 mU/L was found in association with
reverse T3 0.45 nM (29 ng/dL), and bilirubin 97.5 mM (5.7
17 reverse T3 determinations. Six had associated TSH levels
Three weeks later, when she was clinically improving
between 10 and 20 mU/L and 11 had TSH levels greater than mg/dL).
and was off dopamine and on a lower dose of hydrocortisone,
20 mU/L. Of these, 9 (54%) had reverse T3 < 0.15 nM (10
she had a T4 of 32.2 nM (2.5 /xg/dL), THBR 1.05, free T4 in¬
ng/dL) and 8 (47%) had reverse T3 in the normal range be¬ dex 33.8 (2.63), TSH 65.12
mU/L, T3 0.43 nM (28 ng/dL) and
tween 0.15 and 0.37 nM (10-24 ng/dL). In no patient with
reverse T3 < 0.15 nM (<10 ng/dL), and bilirubin 1.2 µ (0.7
TSH > 10 was reverse T3 greater than normal. Hypothyroidism
At this point confirmation of a remote history of hy¬
in the majority of these patients is suggested by low concomi¬ mg/dL).
was obtained and the patient was started on
pothyroidism
tant FTI and/or T4 levels <64 nM (5 µ-g/dL) (6 FTI, 5 T4 <
Two months later she had the following TFTs
levothyroxine.
64 nM vs. 1 FTI, 2 T4 normal; 2 not determined). Indeed, 6 de¬
while on levothyroxine 125 /xg/day: T4 64.4 nM (5 ¿ig/dL),
terminations were made in patients who were chronically tak¬
THBR 1.36, free T4 index 87.5 (6.8), T3 0.71 nM (46 ng/dL),
ing thyroid hormone for hypothyroidism. In 5 of these cases and TSH 18.14 mU/L. This patient
illustrates once again that
the associated reverse T3 was measurable between 0.17 and
in the presence of hypothyroidism plus illness, low thyroxine
0.32 nM (11 and 21 ng/dL). One patient was started on l-T4 1
concentrations may provide enough substrate to cause even a
day prior to the reverse T3 determination and in 7 other cases slightly increased
reverse T3.
L-T4 was started later during the hospitalization. All of the pa¬

tients who were started on l-T4 had reverse T3 values of <0.15
nM (10 ng/dL). In contrast, 2 patient who were not started on
thyroid hormone had TSH levels <20 mU/L and reverse T3
levels of 0.25 and 0.26 nM (16 and 17 ng/dL).
TSH between 5 and 10 mU/L was measured in 16 patients.
Here 38% had reverse T3 < 0.15 nM (10 ng/dL), 25% had nor¬
mal reverse T3, and 35% had increased reverse T3. The major¬
ity of these patients had normal FTI and/or T4 concentrations.
Renal insufficiency was present in 4 patients in this group, 2

of increased reverse 3
Reverse T3 is linearly related to bilirubin up to a bilirubin of
approximately 171 µ (10 mg/dL) (Fig. 2, < 0.001, r
Determinations

=

0.483). This association is even more marked if a reverse T3
index (reverse T3 X THBR) is used instead of total reverse T3.
Above a bilirubin in the 171-205 µ (10-12 mg/dL) range,
there

are

insufficient data to establish whether the linear rela¬
One patient with

tionship continues or if a plateau is reached.
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probability of inappropriate tests being obtained even without
actual orders. However, the widespread use of reverse T3 in
this review illustrates the commonly held belief that it is a use¬
ful test for defining thyroidal state in the setting of nonthyroidal
illness. Despite this, chart review of the patients with unmea¬
surable reverse T3 and the low T4/FTI nonthyroidal illness pat¬
tern of TFTs demonstrated that levothyroxine therapy was not
started in over half of them, indicating that clinical judgment
still influenced therapy to a greater extent than did the addi¬

FIG. 2. Reverse T3 is increased in association with
binemia. < 0.001, r 0.483.

hyperbiliru-

=

bilirubin of 352 µ (20.6 mg/dL) had a reverse T3 of 10.2
nM (661 ng/dL) just prior to death (data not shown). In con¬
trast, T4 is inversely correlated with bilirubin (p 0.001, r
0.334), but this relationship does not hold for FTI. It is unclear
if this discrepancy is related to the correction of binding pro¬
tein influences reflected in the FTI or the fact that there were
many more simultaneous T4 and bilirubin determinations than
simultaneous FTI and bilirubin determinations (104 vs 62). No
significant relationships could be demonstrated between reverse
T3 and serum creatinine, albumin, or patient age (data not
shown). In addition, in the previously described populations
where chart review was performed, neither corticosteroid nor
phenytoin treatment was associated with a significantly differ¬
ent reverse T3 level (data not shown). It is possible that suffi¬
cient power was not present for all potential determinants of
reverse T3 since not all tests were obtained in all patients and
only the values within 1 day of rT3 were used for statistical
a

=

=

analysis.

DISCUSSION
It has been well established that reverse T3 may be elevated
euthyroid patients with certain illnesses (9,10). Reverse T3
levels are also known to be low in patients with hypothyroidism
and high in patients with thyrotoxicosis. Because of this, the
belief has emerged that reverse T3 may be useful in differenti¬
ating between the euthyroid and the hypothyroid state in pa¬
tients with illness induced abnormal thyroid function tests
(9-11). In such circumstances, it has been assumed that a low
reverse T3 indicates a hypothyroid state and a normal or high
reverse T3 indicates a euthyroid state.
To assess the efficacy of reverse T3 in differentiating be¬
tween the hypothyroid and euthyroid state in patients with ab¬
normal thyroid function tests the experience of a University
teaching hospital system was reviewed. In the course of this in¬
vestigation it became apparent that reverse T3 was often ob¬
tained for mistaken or inappropriate indications. This observa¬
tion likely reflects a number of factors that may or may not be
unique to the hospital system studied where a wide diversity of
physicians obtain thyroid function tests. It is likely that confu¬
sion regarding nomenclature for thyroid function tests contin¬
ues to occur at the level of the ordering physician or secretar¬
ial personnel (12). Laboratory test checklists may increase the
in

tional data obtained from this test.
Thyroidal state clearly influences the level of reverse T3, with
high reverse T3 levels in thyrotoxic states and low reverse T3
levels in hypothyroid states. In the population described, this
correlation was not strong, probably due to the added effects
of illness on reverse T3 concentration. Within any given reverse
T3 category, multiple thyroidal states may exist. Thus, the data
show that when illness complicates the interpretation of thy¬
roid function tests, reverse T3 is not helpful in differentiating
between hypothyroidism and euthyroidism. This is because pa¬
tients with normal euthyroid TFTs can have low reverse T3 and
hypothyroid sick syndrome patients can have normal or even
elevated reverse T3—a finding that has been previously hy¬
pothesized but not demonstrated directly (6,10). In support of,
but further complicating, this observation is the past demon¬
stration of a transiently high TSH in some euthyroid patients
with illness or during the recovery phase from illness (13-15).
In a few cases with concomitantly high T4 concentration, this
has been associated with a high reverse T3 (15). Likewise, a
low terminal reverse T3 concentration has been described in
some very seriously ill (moribund) patients with concomitantly
low T4 concentration (16). The criteria used for diagnosis of
hypothyroidism in this study could not identify patients with
secondary hypothyroidism. However, the purpose of the study
was to see if reverse T3 could differentiate between thyroidal
states in the setting of illness. Since this discrimination is not
reliable between euthyroid sick and hypothyroid sick patients
with primary hypothyroidism, one would not expect it to be re¬
liable in identifying hypothyroid sick patients with secondary

hypothyroidism.

T3 metabolism is influenced by factors other than
some of which may be disease specific
state,
thyroidal
(11,17-20). For example, reverse T3 was positively and total
T4 was negatively associated with increasing serum bilirubin
concentration. Although it has been recognized for 20 years that
liver disease is associated with low T3 and increased reverse
T3 (10,21,22) and that resolution of liver disease is associated
with the return to normal T3 (23), this is the first study to
demonstrate the relationship between serum bilirubin and re¬
verse T3 in a random population of patients. Inhibited transport
of T4 in hepatocytes has been exhibited by the serum of criti¬
cally ill patients with increased bilirubin in an in vitro assay
(24). In addition, iodide production from rat hepatocytes is de¬
creased from reverse T3 substrate in the presence of increasing
quantities of bilirubin but inhibition of 5'-deiodinase activity
could not be demonstrated (24). This, combined with the above
noted relationship between bilirubin and reverse T3, may pro¬
vide additional support for an extrahepatic site for the produc¬
tion of reverse T3 (25,26) and/or that the liver is crucial for me¬
tabolism of reverse T3. There was no association between
reverse T3 and serum creatinine in support of previous studies
Reverse
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showing lack of elevation of reverse T3 in the setting of renal
(17,18).
Lastly, it is of interest that in the two groups of patients
for whom chart review was performed, those with reverse
T3 < 0.15 nM (10 ng/mL) and those with TSH > 5 mU/L, lT4 was frequently started in the patients who were being
treated with phenytoin, though this did not achieve statisti¬
cal significance in any group (data not shown). In all such
cases the reverse T3 was unmeasurable. It is not possible to
determine from follow-up studies if these patients truly had
hypothyroidism. However, it should be remembered that
phenytoin alone may have influenced both the TFTs and the
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sick syndrome (25,30).
In conclusion, the fact that reverse T3 was used as often as
was demonstrated in this study illustrates the commonly held
belief of its utility for defining thyroidal state in the setting of
nonthyroidal illness. However, the interpretation of thyroid
function tests in the hospital setting remains complicated and
cannot be simplified by the use of reverse T3. The observation
that patients with completely normal TFTs may have an un¬
measurable reverse T3 most strongly challenges the concept
that this test is useful in differentiating between ill patients
with hypothyroidism or euthyroidism. Conversely, in the ab¬
sence of complete athyreosis, hypothyroid sick patients may
have sufficient substrate to produce a normal reverse T3.
Therefore, other criteria should be used to establish the thy¬
roidal state of the ill patient. Unfortunately, other criteria, es¬
pecially when used in isolation, are not without potential for
interpretation error either. Serum T4 is often in the normal
range in patients with clearly elevated TSH (subclinical hy¬
pothyroidism) and it may be reduced from hyperthyroid lev¬
els to euthyroid levels in the setting of illness. Serum T3 is
subnormal in >75% of patients hospitalized for systemic ill¬
ness and TSH may be transiently increased or decreased in ill¬
ness (1). Clinical assessment, the combined use of free T4 in¬
dex and TSH, and follow-up are probably still the best
measures to define thyroid status (5,31).

ACKNOWLEDGMENTS
The author wishes to acknowledge Bethany Croushore for
assistance in biomedicai informatics. This work was supported
by NIDDK Grant DK02147-03 and the American Liver
Foundation.

6.
7.

8.

9.

10.

11.
12.

13.

Wartofsky L, Burman
patients with systemic

1982 Alterations in thyroid function in
illness: The "euthyroid sick syndrome".

Endo Rev 3, 164-217.
Chopra I, Hershman J, Pardridge W, Nicoloff J 1983 Thyroid func¬
tion in nonthyroidal illness. Ann Intern Med 98:946-957.
Tibaldi J, Surks M 1985 Effects of nonthyroidal illness on thyroid
function. Med Clin No Am 69:899-911.
Cavalieri R 1991 The effects of nonthyroid disease and drugs on
thyroid function tests. Med Clin No Am 75:27-39.
Kaptein E 1991 The effects of systemic illness on thyroid hor¬
mone metabolism. In: Wu S (ed) Thyroid Hormone Metabolism.
Blackwell, Boston, pp 211-237.
Wong T, Hershman J 1992 Changes in thyroid function in nonthyroid illness. Trends Endocrinol Metab 3:8-12.
Morley J, Slag M, Elson M, Shafer R 1983 The interpreta¬
tion of thyroid function tests in hospitalized patients. JAMA
249:2377-2379.
Ladenson 1991 Diagnosis of Hypothyroidism. In: Braverman L,
Utiger R (eds) The Thyroid. JB Lippincott, Philadelphia, pp
1092-1098.
Chopra I, Solomon D, Hepner G, Morgenstein A 1979 Misleadingly low free thyroxine index and usefulness of reverse tri¬
iodothyronine measurement in nonthyroidal illness. Ann Intern
Med 90:905-912.
Melmed S, Geola F, Reed A, Pekary A, Park J, Hershman J 1982
A comparison of methods for assessing thyroid function in non¬
thyroidal illness. J Clin Endocrinol Metab 54:300-306.
Hurd R, Chopra I 1993 Reverse T3. Endocrinology 3:365-370.
Larsen P, Alexander N, Chopra I 1986 Revised nomenclature for
tests of thyroid hormones and thyroid-related proteins in serum. J
Clin Endocrinol Metab 64:1089-1091.
Spencer C, Eigen A, Shen D, Duda M, Quails S, Weiss S, Nicoloff
J 1987 Specificity of sensitive assays of thyrotropin used to
screen for thyroid disease in hospitalized patients. Clin Chem

33:1391-1396.
14. Hamblin P, Dyer S, Mohr V, Grand DL, Lim C, Tuxen D, Topliss
D, Stockigt J 1986 Relationship between thyrotropin and thyrox¬
ine changes during recovery from severe hypothyroxinemia of crit¬
ical illness. J Clin Endocrinol Metab 62:717-722.
15. Brent G, Hershman J, Braunstein G 1986 Patients with severe non¬
thyroidal illness and serum thyrotropin concentrations in the hy¬
pothyroid range. Am J Med 81:463^t66.
16. McLarty D, Ratcliffe J, Sammon D, Ratcliffe W, McColl K,
1976 Thyroid hormones in serious non¬
Meinhold H, Wenzel
thyroidal illness. Lancet 1070-1071.
17. Kaptein D, Levitan D, Feinstein E, Nicoloff J, Massry S 1981
Alterations of thyroid hormone indices in acute renal failure and
in acute critical illness with and without acute renal failure. Am J

18.

19.

Nephrol 1:138-143.
Pagliacci M, Pelicci G, Grignani F, al e 1987 Thyroid function
tests in patients undergoing maintenance dialysis: Characterization
of the "I0W-T4 syndrome" in subjects on regular hemodialysis and
continuous ambulatory peritoneal dialysis. Nephron 46:225-230.
LoPresti J, et al 1989 Unique alteration of thyroid hormone in¬
dices in the acquired immunodeficiency syndrome. Ann Intern

Med 110:970-975.
20. Woolf P, Lee L, Hamill R, McDonald J 1988 Thyroid test abnor¬
malities in traumatic brain injury: Correlation with neurological
impairment and sympathetic nervous system activation. Am J Med
84:201-208.

REVERSE T, IN HYPOTHYROID SICK SYNDROME
21.

22.

23.

24.

25.

26.

Chopra I, Chopra U, Smith S, Reza M, Solomon D 1975
Reciprocal changes in serum concentrations of 3,3',5'-triiodothyronine (reverse T3) and 3,3',5-triiodothyronine (T3) in systemic

illness. J Clin Endocrinol Metab 41:1043-1049.
Chopra 11976 An assessment of daily production and significance
of thyroidal 3,3',5' triiodothyronine (reverse T3) in man. J Clin
Invest 58:32^10.
Nomura S, Pittman C, Chambers J, Buck M, Shimizu
1975
Reduced peripheral conversion of thyroxine to triiodothyronine in
patients with hepatic cirrhosis. J Clin Invest 56:643-652.
Lim C, Docter R, Visser , Krenning E, Bernard B, VanToor ,
deJong M, Hennemann G 1993 Inhibition of thyroxine transport
into cultured rat hepatocytes by serum of nonuremic critically ill
patients: Effects of bilirubin and nonesterified fatty acids. J Clin
Endocrinol Metab 76:1165-1172.
LoPresti J, Eigen A, Kaptein E, Anderson K, Spencer C, Nicoloff
J 1989 Alterations in 3,3',5'-triiodothyronine metabolism in re¬
sponse to propylthiouracil, dexamethasone, and thyroxine admin¬
istration in man. J Clin Invest 84:1650-1656.
Nicoloff J 1991 Alternate pathways of thyroid hormone metabo¬
lism. In: Wu S (ed) Thyroid Hormone Metabolism. Blackwell,
Boston, pp 55-64.

441
27. Cavalieri R, Gavin L, Wallace A, Hammond M, Cruse
1979
Serum thyroxine, free T4, triiodothyronine, and reverse T3 in
diphenylhydanoin-treated patients. Metabolism 28:1161-1163.
28. Wilber J, Utiger R 1969 The effect of glucocorticoids on thy¬
rotropin secretion. J Clin Invest 48:2096-2103.
29. Rubello D, Sonino , Casara D, Girelli M, Busnardo B, Boscaro
M 1992 Acute and chronic effects of high glucocorticoid levels
on hypothalamic-pituitary-thyroid axis in man. J Endocrinol Invest
15:437^141.
30. Chopra I, Williams D, Orgiazzi J, al e 1975 Opposite effects of
dexamethasone on serum concentrations of reverse T3 and T3. J
Clin Endocrinol Metab 41:911-920.
31. Surks M, Chopra I, Mariash C, Nicoloff J, Solomon D 1990
American Thyroid Association guidelines for use of laboratory
tests in thyroid disorders. JAMA 263:1529-1532.

Address reprint requests to:
Dr. Lynn A. Burmeister
El 140 Biomedicai Science Tower
University of Pittsburgh School of Medicine
Pittsburgh, PA 15261

