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Abstract

Objectives—Patients with non-thyroidal illness syndrome have many abnormalities in thyroid
hormone tests. Such patients have medical comorbidities associated with low serum proteins and
are on multiple medications that interfere with thyroid hormone measurement by immunoassay
platforms. It is unknown if these thyroid hormone measurements reflect physiologic conditions or
if they are artifacts of testing methodology.

Methods—Fifty patients were selected from the intensive care unit (ICU) from our institution.
Total and free thyroid hormones in plasma were measured by gold standard liquid
chromatography-tandem mass spectrometry (LC-MSMS). The results were compared to the Roche
Cobas 6000. Patient medical comorbidities and binding protein levels were assessed.

Results—Concentrations of total 3,5,5'-triidothyronine (TT3) and total thyroxine (TT4) were
significantly more likely to be low by LC-MSMS compared to immunoassay. Free 3,5,5'-
triidothyronine (FT3) levels were similar by immunoassay and LC-MSMS. However, FT4
concentrations were mildly elevated for many patients when measured by ultrafiltration LC-
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MSMS (19/50, 38%) compared to 1/50 (2%) when measured by immunoassay (p = 0.0001).
Decreased albumin and thyroxine binding globulin were common and patients were on an average
of 11.7 £ 5.0 medications, all factors known to interfere with results found on immunoassays.

Conclusions—Marked discrepancies in thyroid hormone measurement were noted between
reference LC-MSMS and a common immunoassay platform. It is hypothesized that T4 binding to
low affinity albumin is displaced by several drugs, raising concentrations of FT4 by LC-MSMS
compared to immunoassay, and that the immunoassay values are falsely decreased due to low
binding proteins in our patient population.
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Introduction

Hospitalized patients suffer from a number of medical conditions and receive many
medications that cause typical changes in thyroid function tests. These changes are referred
to as "non-thyroidal illness" or the "euthyroid sick syndrome." Patients with non-thyroidal
illness are reported to have decreased total 3,5,5'-triidothyronine (TT3) and free 3,5,5'-
triidothyronine (FT3), increased reverse 3,5,5'-triidothyronine (rT3), and may have normal
or decreased total thyroxine (TT4) and free thyroxine (FT4) (1) when measured by
immunoassay. Thyroid stimulating hormone (TSH) is usually normal, and thus these patients
are considered "euthyroid." These changes in thyroid status are reported to occur in over
70% of hospitalized patients (1). The marked abnormalities in thyroid hormone tests that
occur in non-thyroidal illness are generally considered to reflect a response to systemic
illness rather than clinical thyroid dysfunction, and treatment with thyroid hormone is
currently not recommended by most Endocrinology organizations including the American
Thyroid Association (2, 3). Furthermore, routine testing for thyroid function in hospitalized
patient in the absence of suspected thyroid disease is not recommended by most guidelines.

Thyroid hormones are measured by automated immunoassay platforms in the majority of
clinical laboratories. However, a number of studies have shown discrepancies in free and
total thyroid hormone measurement by immunoassay when compared to a reference method
such as liquid chromatography-tandem mass spectrometry (LC-MSMS) in several
populations (reviewed in (4, 5)). Multiple studies have shown falsely normal values for TT3,
FT, and FT4 by immunoassays that are below the reference interval when measured by
reference LC-MSMS in a number of patient populations (3, 6-8). Furthermore, several
disease and physiologic conditions are known to cause interference in thyroid hormone
measurement by immunoassay. Specifically, changes in the thyroid hormone binding
proteins thyroxine-binding globulin (TBG) and albumin that occur in a number of conditions
cause unreliable immunoassay free thyroid hormone measurements (9, 10). Many commonly
used drugs such as heparin, furosemide, antiepileptics, and salicylates displace thyroid
hormone binding from serum proteins (11-13); immunoassays that use a dilution step cause
a reduction in competing drugs, resulting in increased /n vitro free thyroid hormone binding
to proteins and a falsely decreased measure of free thyroid hormone (4). Hospitalized
patients, especially those in intensive care units (ICU), have a number of conditions that
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cause low protein states and are frequently on a large number of medications known to cause
artifactual values in thyroid hormone assays. Thus, it is not clear if the abnormalities seen in
non-thyroidal illness reflect physiologic conditions or if they are at least partially artifact due
to analytical issues.

To our knowledge, no study has extensively studied thyroid hormone measurement by gold
standard, validated LC-MSMS methods in a population of ICU patients. This study
evaluates plasma FT3, FT4, TT3, TT4, and rT3 determined by reference method LC-MSMS
in a cohort entirely of ICU patients. The results are further compared to a common
automated immunoassay platform. Marked discrepancies were found by the immunoassay
method in this population with multiple medical comorbidities, low binding proteins, and on
multiple medications. These results have important implications for clinical studies
evaluating patients with non-thyroidal illness syndrome.

Patient population

The Clinical Center at the National Institutes of Health is a 200 bed research facility. Fifty
patients were selected from the ICU who were hospitalized for at least seven days between
May 2016 - July 2016. Patients were excluded if they had known thyroid disease, were
receiving thyroid hormone replacement therapy, or if they were positive for anti-
thyroperoxidase antibodies. Clinical characteristics including demographics, length of
hospitalization, mortality, and number of medications were abstracted from the electronic
medical record. This study was approved by the Institutional Review Board (Clinical
protocol number 93-CC-0094).

Laboratory methods

Plasma samples were collected in lithium heparin tubes. Samples were stored at —80 degrees
Celsius until analysis by LC-MSMS and immunoassay. The Roche Cobas 6000
(Indianapolis, IN) analyzer was used to measure TSH, FT3, FT4, TT3, TT4, aloumin,
alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, bilirubin, and
creatinine. Hemoglobin was measured on a Sysmex XN-3000 (Lincolnshire, IL). Thyroid
hormone reference intervals for immunoassays are 0.27 — 4.20 plU/L for TSH, 2.0 — 4.4
pg/mL for FT3, 0.9 — 1.7 ng/dL for FT4, 80 — 200 ng/dL for TT3, and 4.5 — 11.7 ug/dL for
TT4 as suggested by the manufacturer and verified by the laboratory. TBG and anti-
thyroperoxidase antibodies were measured on the Siemens Immulite 2000 XPI analyzer
(Malvern, PA).

FT3 and FT4 by LC-MSMS was performed by ultrafiltration isotope dilution LC-MSMS
using a SCIEX Triple-Quad-6500 System (Framingham, MA) as previously described (7).
Briefly, 400 pL of plasma was filtered through a Centrifree YM-30 ultrafiltration device by
centrifugation at 37 °C. Two-hundred fifty uL of internal standard (T4-13C6) in methanol
was then added to 150 pL of ultrafiltrate for deproteinization. After vortexing and
centrifugation, 325 pL of supernatant was diluted into 675 UL of deionized water and a 400
uL aliquot was injected onto a Poroshell 120 EC-C18 column. After washing, the switching
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valve was activated and the analytes were eluted from the column with a water/methanol
gradient into the MS/MS system. Quantification by multiple reaction monitoring analysis
was performed in the negative mode. Two levels of internal quality control were analyzed at
the beginning and end of each run. Complete method validation details have been previously
published (7, 14); recovery for FT3 and FT4 are between 95 and 105% and the intra- and
inter-assay coefficients of variation are <9% for FT3 and <7% for FT4. The reference
interval for FT3 is 2.0 — 6.0 pg/mL and 1.3 — 2.4 ng/dL for FT4 (14).

TT3, TT4, and rT3 were assayed by LC-MSMS using an Agilent 6460-Triple-Quad System
as previously published (15). Briefly, 100 uL of sample was added to 150 uL of 13C labeled
internal standard for deproteinization. After vortexing and centrifugation, 200 pL of
supernatant was diluted into 500 uL of 0.1 M ammonium acetate in deionized water.
Twohundred pL was injected onto an Agilent Eclipse XBD-C8 cartridge column. After
washing, the switch valve was activated and the analyte was eluted with a water/methanol
gradient containing 0.01% formic acid into the MS/MS system. Quantification by multiple
reaction mode monitoring was performed in the positive mode. Method validation details
have been previously described (15, 16); recovery ranged from 92.8% to 95.4% and the
intra-assay coefficient of variation is between 1.6% to 7.6%. The reference interval for TT3
by LC-MSMS is 80 — 177 ng/dL, 5.0 — 10.9 pg/dL for TT4, and 9 — 24 ng/dL for rT3 (17).

Statistical analysis

Results

Analyses were performed using GraphPad Prism version 6 (GraphPad Software, La Jolla,
CA).

Characteristics of the patient population are shown in Table 1. The patient age range was 21
— 74 years, and 18.0% of patients died in the hospital. Length of hospitalization ranged from
7 — 252 days. Medical comorbidities were frequent, and the majority of patients were on
substantial numbers of medications, ranging from 3 — 27. Decreases in binding proteins were
found in most patients; 34/50 patients (68%) had albumin levels below the reference interval
(3.5-5.0 g/dL) and 16/50 (32%) had decreased TBG (reference interval 13 — 39 pg/mL).
All patients were negative for anti-thyroperoxidase antibodies.

TSH was within the reference interval (0.27 — 4.20 ulU/mL) for 39/50 (78%) patients. Six
patients (12%) had mild elevation of TSH ranging from 4.76 — 8.49 pulU/mL and five
patients (10%) had decreased TSH ranging from 0.034 — 0.25 pulU/mL. Specific total and
free thyroid hormone values by immunoassay and LC-MSMS for patients with
abnormalities in TSH are shown in Table 2. Free thyroid hormones were normal by both
methods for most of these patients with abnormal TSH values while total thyroid hormones
were more frequently decreased by LC-MSMS.

Comparisons of FT3, FT4, TT3, and TT4 performed by immunoassay and by LC-MSMS are
shown in Figure 1. Levels of FT3 by immunoassay were decreased in 18/50 patients (36%)
compared to 12/50 patients (24%) by LC-MSMS; this finding was not statistically
significant (p = 0.28). In contrast, FT4 was significantly more likely to be elevated when
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measured by LC-MSMS (19/50, 38%) compared to 1/50 (2%) when measured by
immunoassay (p = 0.0001). Low TT3 concentrations were frequently identified by both
methods; however, TT3 was below the reference interval more frequently when measured by
LC-MSMS (41/50, 82%) compared to immunoassay (23/50, 46%, p = 0.0003). Similarly,
TT4 was more often below the reference interval when measured by LC-MSMS (24/50,
48%) than when measured by immunoassay (10/50, 20%, p = 0.006). rT3 measured by LC-
MSMS was elevated in the majority of patients (31/50, 62%).

Discussion

Marked discrepancies in both total and free thyroid hormones were identified using a
common automated immunoassay platform compared to LC-MSMS, a reference method.
Total thyroid hormones were lower when measured by LC-MSMS; however, FT4 was more
likely to be normal or elevated compared to immunoassay. Accurate measurement of thyroid
hormones is essential for the identification of patients with undiagnosed thyroid disease
superimposed on non-thyroidal illness syndrome as well as studies exploring treatment of
non-thyroidal illness syndrome.

The majority of reports on non-thyroidal illness syndrome report low TT3 values (18-22).
However, significantly more patients were identified as having low TT3 by LC-MSMS
compared to measurement by immunoassay, categorizing an additional 36% of patients in
this cohort of ICU patients as non-thyroidal illness syndrome. Similarly, TT4 levels were
decreased in most patients and were more likely to be decreased when measured by LC-
MSMS compared to immunoassay. Other studies have also reported biased results for TT3
and TT4 using multiple different automated immunoassay platforms, with as many as 45%
of patients classified as having normal TT3 by immunoassay are actually below the 2.5th
percentile when measured by LC-MSMS; discrepancies are more common when the TSH is
elevated, suggesting the potential for misclassification of many patients (6, 16, 23).

FT3 values in these ICU patients were similar when measured by LC-MSMS compared to
immunoassay. Reports in the literature on the levels of FT3 in non-thyroidal illness
syndrome are mixed, with some reports indicating decreased FT3 values (18, 22) and others
reporting normal levels (24, 25). These discrepancies are likely explained in part by
methodological issues. Indeed, a comparison of six different methods for FT3 measurement
reported highly different results for FT3 depending on the method performed in patients
with liver and renal disease (21). In contrast, FT4 results by LC-MSMS were markedly
different from immunoassay in this study, with 36% of patients having elevations in FT4
compared to only 2% of patients measured by immunoassay. Highly variable results for FT4
are reported in the literature for patients with non-thyroidal iliness syndrome, ranging from
low, normal, and elevated (26-30). FT4 results in non-thyroidal illness syndrome are well-
known to be method dependent, and influenced by binding proteins, drugs, and possible
serum inhibitors (4, 19). Csako et al. (9) reported low albumin concentrations were
associated with falsely decreased FT4 concentrations in one-step immunoassays; FT4
concentrations were normal to elevated in this study when performed with equilibrium
dialysis. The majority of patients (68%) in this investigation had decreased albumin levels.
Furthermore, numerous common drugs such as heparin, furosemide, anti-epileptics, and
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salicylates are known to displace T3 and T4 from binding proteins (4). Our patient
population was taking an average of nearly 12 medications at the time of thyroid hormone
measurement. We hypothesize that T4 binding to low affinity serum albumin is displaced by
these multiple drugs, raising concentrations of FT4 by LC-MSMS compared to
immunoassay and that the immunoassay values are falsely decreased due to low binding
proteins in the majority of our patient population, a known cause of interference in free
thyroid hormone immunoassays. Other investigations have also reported normal FT4 results
in patients with nonthyroidal illness syndrome that have low TT4 and normal TSH by assays
that use ultrafiltration or equilibrium dialysis (4). These results have important implications
for any future studies exploring treatment of non-thyroidal illness syndrome because it is
essential to appropriately classify potential patients.

rT3 was elevated in the majority of patients in this investigation (62%). Serum rT3 has been
reported to be decreased, normal, or increased and thus is not considered a reliable marker of
non-thyroidal illness syndrome (1, 19). However, prior investigations have used
immunoassays to measure rT3 (31, 32), which may lack the specificity of LC-MSMS.
Elevations of rT3 in non-thyroidal illness syndrome are attributed to a reduction in type |
T4-5'-deiodinase that normally produces 35% of T3, and an increase in type 111 deiodinase
that inactivates T4 and T3 to produce rT3 and diiodothyronine (33, 34). rT3 clearance is also
reduced by the decrease in type | deiodinase. Comparison of LC-MSMS rT3 to
immunoassay rT3 assays was not available for this investigation.

Treatment of patients with non-thyroidal illness syndrome is controversial, with most
national guidelines recommending against treatment (3). However, the results of studies on
thyroid hormone treatment of patients with non-thyroidal illness syndrome are mixed, and
certain authors advocate for further studies of thyroid hormone treatment in this population
(19). Correct classification of patients as non-thyroidal illness syndrome depends on
accurate test methodology in patients who often have abnormalities in thyroid hormone
binding proteins and are on multiple medications. LC-MSMS assays are much less
susceptible to these interferences; furthermore, common immunoassay platforms do not
separate analyte from binding proteins for measurement of free thyroid hormone as LC-
MSMS methods do (4). Thus, we recommend future studies of non-thyroidal illness
syndrome incorporate LC-MSMS into the testing methodology, which is available from
several commercial laboratories. Limitations of this study include the specialized patient
population with multiple transplant patients. Nonetheless, the results of this investigation
contribute to the multiple studies (reviewed in (4, 5)) highlighting inaccuracies with
common immunoassay platforms in several patient populations.
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Highlights

Thyroid function was measured in ICU patients by LC-MSMS and compared to
immunoassay.

TT3 and TT4 were significantly lower when measured by LC-MSMS than immunoassay.

FT4 values were elevated by LC-MSMS measurement (38%) compared to 2% by
immunoassay. Reverse T3 was elevated in 62% of the patients.

Discrepancies between reference LC-MSMS and immunoassay have clinical
implications.
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TT3 1A Tra1a

Figure 1.
Comparison of free and total thyroid hormones performed by immunoassay (IA) and liquid

chromatography-tandem mass spectrometry (LC-MSMS).

A) Free 3,5,5'-triidothyronine (FT3) performed by 1A and LC-MSMS in pg/mL. Horizontal
lines represent the reference interval for FT3 measurement by LC-MSMS (2.0 — 6.0 pg/mL)
and vertical lines the reference interval by 1A (2.0 — 4.4 pg/mL). y = 0.97*x + 0.79;
spearman r = 0.37, p = 0.01.

B) Free thyroxine (FT4) performed by 1A and LC-MSMS in ng/dL. Horizontal lines
represent the reference interval for FT4 measurement by LC-MSMS (1.3 — 2.4 ng/dL) and
vertical lines the reference interval by 1A (0.9 — 1.7 ng/dL). y = 2.0*x — 0.098, spearman r =
0.53, p=0.0001

C) Total 3,5,5'-triidothyronine (TT3) performed by 1A and LC-MSMS in ng/dL. Horizontal
lines represent the reference interval for TT3 measurement by LC-MSMS (80 — 177 ng/dL)
and vertical lines the reference interval by 1A (80 — 200 ng/dL). y = 0.85*x — 13.51,
spearman r = 0.83, p < 0.0001.

D) Total thyroxine (TT4) performed by IA and LC-MSMS in pg/dL. Horizontal lines
represent the reference interval for TT4 measurement by LC-MSMS (4.9 — 10.5 ug/dL) and
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vertical lines the reference interval by 1A (5.0 — 10.9 pg/dL). y = 0.81*x + 2.06, spearman r
=0.86, p < 0.0001.

Clin Biochem. Author manuscript; available in PMC 2018 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Welsh et al.

Table 1

Clinical characteristics of 50 intensive care unit patients evaluated for non-thyroidal illness syndrome.

Characteristic
Age 473+154
Gender
Male 29 (58.0)
Female 21 (42.0)
Days in hospital 45.8+49.4
Death in hospital 9(18.0)
Number of medications 11.7+5.0
Comorbidities
Diabetes 11 (22.0)
Dialysis 1(2.0)
Bone marrow transplant 20 (40.0)
Heart disease 10 (20.0)
Hematologic malignancy 25 (50.0)
Kidney disease 8 (16.0)
Mechanical ventilation 8 (16.0)
Solid malignancy 12 (24.0)
Transfusion 38 (76.0)
Laboratory values
Albumin, g/dL 32+08
Alanine aminotransferase, U/L 542 +92.5
Alkaline phosphatase, U/L 110.5 + 102.3
Aspartate aminotransferase, U/L 43.2+60.1
Bilirubin, total, mg/dL 16+37
Bilirubin, direct, mg/dL 0.7+19
Creatinine, mg/dL 12+18
Hemoglobin, g/dL 95+2.0

Thyroxine binding globulin, ug/mL 154+4.6

reverse T3, ng/dL

42.4+39.3

Categorical variables are shown as the number (percentage) and continuous variables as the mean * standard deviation.
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