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ABSTRACT

We have performed stability studies on thyroid function tests, i.e.,
T4, T3, free T4, free T3 and thyroid stimulating hormone (TSH), over
a five-day period on the sera of ten patients. We find that the levels
for each analyte were stable; the mean coefficients of variation (CV)
ranged from 3.2 % for TSH to 8.7% for T4. ANOVA statistical
analysis of group means for each analyte over the five-day period
indicated that there was no statistically significant difference in these
means, confirming the reproducibility of values. On the other hand,
the CVs are significantly larger than those found in our prior stability
studies for other critical analytes such as electrolytes (sodium,
potassium, chloride, calcium). In addition, significant variations in
values over the five-day period occurred for T4 which showed the
largest variations in values of the five analytes studied. In one
patient, the values ranged from a low of <10 ug/dL to over 14
ug/dL over the five-day period. A two-tailed t test comparing the
mean CV for TSH with the mean CVs of the other four analytes
showed that the mean CV for TSH was statistically significantly lower
than that for the other four analytes indicating that the assay for TSH
yield the most precise results. These results parallel those obtained in
our prior electrolyte study that showed very low CVs for sodium,
potassium and chloride and a significantly higher CV for calcium.
Since approximately half of total serum calcium is bound to albumin
and since very high percentages of T4 and T3 (=99%) are bound to
thyroid binding globulin and albumin, protein binding of these
analytes may introduce a possible source of assay imprecision.
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Introduction

Loss of precision in the quantitative
determination of analyte levels in body fluids,
predominantly serum, can result from a number of
different sources at the preanalytical, analytical
and postanalytical levels. Most preanalytical
causes are due to varying storage times of
samples prior to quantitative analysis. Examples of
this are glucose levels in sera that can decrease
with time due to contact with red blood cells which
metabolize this analyte -2 Analytical causes of
precision are often due to such factors as
temperature fluctuations, carry over from prior
samples, and small but important changes in
dilution volumes wused in indirect method
determinations!. Postanalytical causes of loss of
precision most frequently occur in stored samples
maintained at refrigeration temperatures (approx
4°C). Values for analytes in stored samples that
need to be re-analyzed may be affected by
storage at low temperature and the re-heating
process prior to analysis, possible protein
denaturation during the storage period resulting in
changes in ionic strength loss or gain of analyte
binding to proteins and by other factors such as
analyte metabolism. In addition, long-term storage
of samples at freezing temperatures can result in
protein denaturation and/or  aggregation
especially when a sample is successively frozen
and thawed. This can affect values for T4, T3 and
their free forms since T4 and T3 are almost
completely bound to serum proteins, i.e., thyroid
binding globulin (TBG), albumin and transthyretin.

While there has been much focus on the
pre-analytical and analytical causes of loss of
precision, less attention has been paid to post-
analytical reproducibility. However, at least one
percent of samples submitted to the clinical
chemistry laboratory require re-analysis which is
often initiated by the clinical staff for values that
seem to be incompatible with current diagnoses3.
Imprecision in repeat determinations of specific
samples can result in confusion concerning
diagnosis. This applies especially to analyte values
that are "borderlineg," i.e., that lie close to the
lower or upper limit values of the reference
range?. Imprecision in these cases can result in
false positive or false negative test results leading
to an incorrect diagnosis. The same considerations
apply to “add-on” testing to previously drawn
stored samples>.

It is therefore important to test
reproducibility of analyte values for samples that
have already been analyzed or on which "add-
on" tests are requested but any of which may
require reanalysis or first determinations during
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storage. We have undertaken on our clinical
chemistry services at the University Hospital at
SUNY Downstate Medical Center and our affiliate,
Maimonides Medical Center, and our VA affiliate
to test the precision of analyte stabilities over time
for samples stored at low temperatures3. In our
studies of electrolyte (i.e., sodium, potassium,
chloride and calcium) stabilities over a nine-day
period, we found the coefficients of variation (CV)
for all of these analytes to be low3. The range of
CV values for sodium, potassium and chloride was
0.32-1.2 percent. Interestingly, the range for
calcium was significantly higher, i.e., 1.23-3.57
percent3. This difference could not be attributed to
method variation. The first three analytes were
assayed by a voltammetric method while calcium
was assayed by a spectrophotometric assay. The
latter method yields CV values on other analytes
that are in the lower CV range suggesting that
method differences were not responsible for the
differences in CV values.

When receiving requests for performing
repeat or “add-on” analyses on patient samples,
we have noticed that a significant percentage of
these requests concerned hormone assays
especially involving thyroid function tests. As a
result, we have extended our stability studies to
include all thyroid function tests, viz, total T4, total
T3, free T4, free T3 and TSH.

The literature on the stability of thyroid
function analytes is sparse and somewhat
contradictory. Recently published thyroid function
test stability studies by Rush Medical Center
(7/1/2021) state that T4, T3, and free T4 and
free T3 can be stored at 4°C for up to six days
while TSH can be stored for seven days without
significant changes in the levels of these analytes
(Rush Medical Laboratories Core Laboratory.
Specimen Stability Chart. rush.edu. Published July
1, 2021.
https: //rml.rush.edu/Documents /Specimen%20Sta
bility%20Chart%20(07.01.2021)%20FINAL.pdf).

However, other, earlier studies using DPC
Immulite immunoassays on samples that were
stored at refrigeration temperature concluded that
serum samples tested for free T4 had
unacceptable increases in changes of values by
the fourth day of refrigerated storage, and,
similarly, by the third storage day for free T3¢. In
addition, using a third generation TSH assay, it
was found that serum values for this analyte
remained stable only for three daysé although in a
prior study on serum TSH stability on samples
stored at refrigeration temperatures, TSH was
found to be stable for four days”.
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In contrast, a more recent study found that
TSH assays performed on sera from fifteen
patients that were immediately assayed, then
assayed after standing at room temperature for
24h, and then assayed after storage at 4°C for
one week, all gave values that were statistically
insignificantly different8. An early comprehensive
study of thyroid function test stabilities found
significant differences in all thyroid function tests
depending on ambient temperature®. On the other
hand, an earlier radioimmunoassay for T4 on four
samples from one hyperthyroid and three
euthyroid patients indicated stable values for this
analyte at room temperature for two weeks
although use of two other methods based on use of
TBG and resin showed significant increases in
values over this period'0.

Further studies on frozen (-25°C) serum
samples suggested that TSH, free T4, and free T3
can reliably be analyzed in samples stored for 23
years'l. However, this conclusion was disputed by
another study in which reanalysis of these
hormones in 30 of the archived samples used in the
prior study'2 showed significant changes in values
after 8-11 years. Similar results were reported for
TSH.

These prior studies present contradictory
results that may be due to a variety of
circumstances such as differences in analytical
methods, differences in assay conditions such as
ambient temperature, and different patient
populations involved in the studies. There is
therefore a clear need to determine systematically
the stabilities of each thyroid function analyte in
stored serum to define the time limits for
reproducible  results. We  have therefore
undertaken to perform stability studies for each of
the five thyroid function analytes, T4, T3, free T4,
free T3 and TSH from randomly selected serum
samples stored at refrigeration temperatures over
a five-day period.

Stability of Thyroid Function Test Analytes Whose Serum Levels Are Determined by Immunoassay

Materials and Methods

Ten serum samples were randomly selected and
de-identified as part of a quality improvement
process in Clinical Chemistry at the Maimonides
Medical Center. Each sample was assayed for T4,
T3, free T4, free T3 and TSH using the Beckman
Unicell DXI 800 analyzer. After the first set of
assays was completed on a sample, this sample
was stored at 4°C for 24h and was then re-
assayed. This process was repeated over a five-
day period. All samples were stored at 4°C when
not assayed. All assays were performed at room
temperature. Six of the samples were found to be
quantity not sufficient (gns) at day 5, but eight
samples were re-assayed for four successive days,
and all samples were assayed for three successive
days. ANOVA statistical analysis was performed
on the group means and standard deviations for
each of the five analytes over the five-day period
to test for significant differences. Coefficients of
variation were computed for each analyte for
each sample; the means and standard deviations
for the coefficients of variation were then
computed; the values for the four thyroid hormone
forms were compared with those for TSH using a
two-tailed t test for statistical significance.

Results

Plots of the values for each of the thyroid
function analytes over the five-day time course are
shown in Figures 1. Table 1 shows the mean CVs
and the corresponding standard deviations for
each analyte together with the ranges of the mean
CVs. This table also shows the range of values
obtained for each analyte together with the
respective reference ranges. As can be seen in
Table 1, T4 values were found to be either normal
or high while T3 values occurred in low, normal
and high ranges; free T4 and free T3 values were
found to occur in the normal or high ranges. TSH
values were found to occur exclusively in the
reference range.

Table 1. Coefficients of Variation for Serum Assays forT4, T3, FT4, FT3 and TSH

ANALYTE MEAN CV 15D CV RANGE VALUE RANGE REFERENCE RANGE
T4 0.087 0.04 0.039-0.156 | 6.9-14.9ug/dL 4.4-9.5 ug/dL

3 0.073 0.055 0.01-0.167 0.31-1.52 ng/mlL 0.72-1.35 ng/mlL
FT4 0.071 0.034 0.015-0.131 | 0.70-3.26 ng/dL 0.58-1.67 ng/dL
FT3 0.058 0.025 0.008-0.098 | 1.97-4.52 pg/mL 2.53-3.87pg/mlL
TSH 0.0327 0.014 0.011-0.056 | 0.7-3.26 mU/L 0.39-4.08 mU/L
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Figures 1. Christian et al.
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Figures 1. Serum sample values for each of the five thyroid function tests analytes by day during storage of the
samples for five days at 4°C. Each sample has a unique color enabling its identification. A, TSH; B, T4; C, T3; D, Free

T4; E, Free T3.

Figures 1 suggest overall that the values
for each analyte are reproducible. However,
Table 1 shows that there are some elevated CVs.
Surprisingly, the highest CV was found for the most
commonly assayed analyte, T4, whose mean CV
was 8.7 percent with a wide standard deviation of
almost half of this value. Inspection of the
individual CV values for T4 revealed that sample
2 (orange plot in Figure 1B) was found to have a
CV of 16 percent. This reflected a range of values
from a low value of 10.12 on day 2 to a high
value of 14.44ug/dL on day 4. All of the values
for this sample were in the high range. However,
the free T4 values for this sample were in the
normal range (orange plot in Figure 1D). The TSH
values for this sample were likewise in the normal
range. Thus, the patient was euthyroid, and the

consistently high, somewhat erratic, values for T4
were most likely caused by increased bound T4.
Similarly, sample 6, whose CV was 13.1 percent,
was found to have oscillating values for T4 (green
plot in Figure 1B) which straddled the upper limit
of the reference range, 9.5 ug/dL initially 11.44
(high) on day 1 which decreased to 8.54 (normal)
on day 2, then to 10.38 (high) followed by normal
values of 9.19 and 8.56 on days 4 and 5
respectively (green plot, Figure 1B). On the other
hand, the free T4 was consistently in the normal
range (green plot, Figure 1D), and the TSH was
also in the normal range (green plot, Figure 1A) as
described above. Thus, in this case, reliance on T4
values could confuse correct evaluation. The two
reliable analytes are free T4 and TSH.
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For sample 3, that had a CV of over 11
percent, the day 1 T4 value was 14.18 ug/dL, an
elevated value, which then decreased on day 2 to
10.82 ug/dL also in the high range and then
remained in this range though with higher values.
Samples 1 and 3 were found to have high CVs for
T3, but the range of values occurred in the normal
range and represented relatively small changes in
absolute value.

Because of the significant fluctuations of
some of the values of some of the samples as
discussed in the preceding paragraph and the high
CVs associated with them, we tested the results to

Stability of Thyroid Function Test Analytes Whose Serum Levels Are Determined by Immunoassay

determine if the values for each sample over the
five-day time period were statistically the same or
different from one another. For this purpose, we
used ANOVA statistics on the means and standard
deviations for the results of each analyte for each
day for all ten patients. The results are shown in
Table 2. All p values for each analyte are seen to
be significantly higher than the cutoff value of
0.05 indicating that the means for all patient
values on each day were not statistically different
from one another. Thus, despite fluctuations, the
values for each analyte did not change in a
statistically significant manner.

Table 2. Group means, Standard Deviations and ANOVA p values!

ANALYTE DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 P VALUE'
T4 (ug/dL) 11.482+2.705 | 10.035+1.989 | 11.096+1.845 | 11.350+2.415 | 9.74913.20 0.525
T3 (ng/ml) 1.046+0.414 0.993+0.367 1.041+0.361 0.95110.448 1.073+0.306 | 0.978
FT4 (ng/mlL) | 1.152+0.284 1.053+0.282 1.164%0.345 1.174£0.320 1.2451+0.513 | 0.868
FT3 (pg/mL) | 3.336+0.656 3.372%+0.533 3.31+0.874 3.154%0.662 2.928+0.401 | 0.798
TSH (mU/L) 2.267+0.734 2.204+0.739 2.313+£0.747 2.126+0.709 1.811+0.982 | 0.837

'p values = 0.05 denote no statistical difference between the means of the groups.

Table 1 also shows that the lowest CV with
the lowest standard deviation obtained for all five
analytes was for TSH (CV= 3.27%, SD=0.014).
This result is shown in Figure 2 where the CVs and
standard deviations are plotted on the Y-axis for
each of the five analytes represented on the X-
axis. These results suggest that the CV for TSH is
statistically significantly lower than the CVs for the

Figure 2. Christian et al.
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that all p values are less than 0.05 indicating that
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Figure 2. Plots of the means and standard deviations of correlation coefficient values for each of the five thyroid
function analytes. The means with their standard deviations are plotted on the Y axis for each analyte identified on

the X-axis.
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Table 3. Statistical Significance of Mean CV Values for TSH vs the Other Thyroid Function Tests.

Comparison of Mean CV of TSH With Mean CV of: P Value!
T4 0.0007
T3 0.0375
FT4 0.0049
FT3 0.0120

1Using two-tailed T-test. P values < 0.05 are considered to show statistically significant differences
between two means given their respective standard deviations.

Discussion

Thyroid dysfunction is one of the most
common endocrine disorders seen in clinical
practice and represents approximately 30—-40%
of the patients seen in an endocrine clinic'3. In
addition, thyroid dysfunction can affect metabolic,
cardiovascular, and neurologic function, and recent
studies have reported subclinical thyroid anomalies
to approach over 40%?'4. Furthermore, thyroid
study “add-ons” represent a substantial component
of the clinical chemistry and endocrinology testing
in both inpatient (3 percent) and outpatient (8
percent) facilities®. Thus, a robust understanding of
thyroid stability studies over time is critical in
appropriately interpreting thyroid tests for patient
diagnosis and management.

The mean CVs for all of the five thyroid
function test analytes suggest that the values for
these analytes are reproducible. This conclusion is
reinforced by the finding that the group means for
the values of each analyte remained statistically
constant over the five-day period. A surprising
finding was the relatively large changes in T4
values in some of the samples which could result in
incorrect evaluation if a repeat determination of a
sample found to have a high T4 is subsequently
found to have a normal value that might also
apply to an "add-on" test result. This phenomenon
was not observed for free T4 or for TSH
suggesting that these latter analytes are more
reliable for patient evaluation than T4. It is also of
interest that the analyte whose mean CV value
was statistically the lowest of the mean CV values
for the five analytes was that for TSH.

This latter finding raises the question as to
possible reasons why TSH values are the most
stable over the five-day observation period. This
result is reminiscent of our previous finding on
electrolyte stabilities® that sodium, potassium and
chloride values had low CVs that were significantly
lower than the CV for calcium. The difference
between these electrolytes is that approximately
50 percent of serum calcium is bound to albumin
while the other ions are not strongly bound to
protein. All thyroid hormones are tightly bound to
three different proteins, i.e., albumin, thyroid
binding globulin (TBG) and transthyretin.

In a prior study of serum levels of thyroid
function analytes in patients treated for
hypothyroidism'3, many of the patients were found
to be euthyroid (normal free T4 and TSH) but
were clinically found to be hypothyroid. Analysis

of  thyroid function analytes by liquid
chromatography-mass spectroscopy-mass
spectroscopy (LC-MS-MS) revealed that the

concentration of free T4 and total T4 were lower
than that determined by immunoassay. The study
found that free T4 levels were strongly influenced
by levels of binding proteins such as TBG that
caused false elevations’s.

In studies of thyroid function analyte
stabilities in samples stored at low temperatures
(in the current study, 4°C), the samples must be
allowed to equilibrate to room temperature prior
to analysis. Changes in temperature can result in
significant changes in  free T4 and/orT4
concentrations'é. Studies on the dependence of the
dissociation constant for the binding of T4 to TBG
reveal that there is at least a threefold increase in
this constant when the temperature increases from
4°C to 25°CT6, Much of this temperature sensitivity
of this constant to temperature is due to well-
known structural features of TBG in  which
movement of a reactive loop out of a beta-sheet
called the A sheet at low temperatures results in
exposure of a T4 binding site. At higher
temperatures re-entry of the loop blocks this site
resulting in a decreased affinity of the protein for
T416-18,

Thus, if the assay is performed at an
ambient temperature that is higher than 25°C, such
as at 30°C, there could be a significant increase in
free T4. The reverse would hold at temperatures
lower than 25°C. We are currently further
investigating the possible role of protein binding
on the reproducibility of assays for these analytes.

Conclusion

Serum levels, «as determined by
immunoassay, for the five thyroid function
analytes, i.e., T4,T3, free T4, free T3 and TSH are
stable over at least a five day period. The
coefficients of variation (CVs) for the first four
analytes are significantly higher than that for TSH.
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A possible source of this increase in values may be care should be taken when performing repeat or
due to the extensive binding of T4 and T3 to "add-on" analyses on serum samples to ensure that
serum proteins so that their determinations may be samples reach assay temperatures prior to
influenced by changes in their binding affinity analysis.
constants with such conditions as temperature. Thus,
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