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Spurious Thyroid Function Test Results due to
Biotin Interference: a Report of Three Cases and
a Literature Review
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Biotin (vitamin B7) is a water-soluble vitamin used as a co-enzyme for carboxylases essential for human
metabolism. The high affinity to streptavidin makes biotin an important substance in immunoassays. Excessive
biotin intake due to over-the counter supplements has become problematic because of the effects on laboratory
test results. There have been no reports of biotin-induced thyroid immunoassay interference in Korea. We report
three patients with papillary thyroid cancer who showed false thyrotoxicosis on follow-up laboratory examinations
with a literature review. The patients medical history should be thoroughly questioned and patients should be
informed to curtail consuming biotin before laboratory tests to avoid assay interference. Non-biotinylated assays
can be considered if it is impossible to withhold the supplements. These methods will prevent physicians from

making incorrect decisions that could result in an inappropriate treatment for their patients.
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Introduction

Biotin (vitamin B7) is a water-soluble vitamin and
well known as a coenzyme for multiple bicar-
bonate-dependent carboxylases essential for human
metabolism.” The Food and Nutrition Board of the
National Research Council recommends 30 «g/day
biotin as adequate intakes for adults.” Recent studies
have shown the benefit of biotin for medical con-
ditions, such as hair and nail problems, diabetes melli-
tus,” peripheral neuropathy,A) and multiple sclerosis;”
therefore, over—the—counter biotin supplements have
become popular.

Because of the high affinity to streptavidin, biotin
has a crucial role in immunoassays.6> Excessive biotin

intake can affect laboratory test results, and it can
mislead physicians resulting in inappropriate treat-
ments for patients.”

There have been no reports in South Korea about
biotin-induced interference in thyroid function tests
(TFTs). We report three patients with papillary thyroid
cancer (PTC) who showed false thyrotoxicosis on fol-
low-up studies with a literature review.

Case Reports

Case 1

An 83-year-old female who had a total thyroi-
dectomy for PTC 10 years ago and had been taking
125 12g/day levothyroxine underwent follow-up annual
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TFTs. Surprisingly, her serum total triiodothyronine
(T3) was >651 ng/dl (normal range, 60-160), free
thyroxine (FT4) was 2.06 ng/dl (normal range, 0.8-
1.71), and thyroid stimulating hormone (TSH) was 0.65
©IU/ml (normal range, 0.4-4.8). The hormones were
measured with a chemiluminescent immunoassay
(Cobas: Roche Diagnostics, West Sussex, UK). However,
she had no symptoms or signs of thyrotoxicosis, in-
cluding weight change. A subsequent detailed history
revealed the culprit. We figured out that the vitamin
supplement (Adult multivitamin Gummies, Kirkland
Signature, Costco, Seattle, WA, USA) which she had
been taking for several months contained 300 «g bio-
tin per tablet. Her serum total T3 level normalized to
110 ng/dl 1 week after stopping the supplement
(Table 1).

Case 2

A 43-year-old female who had a left lobectomy for
PTC 9 years ago underwent annual follow-up TFTs.
Her serum total T3 was 633 ng/dl, free T4 was 2.42
ng/dl, and TSH was 0.786 «IU/ml without any signs
of thyrotoxicosis including weight change. We checked
her anti-thyroglobulin antibody on regular basis and
the results were always negative. She had neither
been on levothyroxine replacement nor showed any
features of thyroiditis on thyroid ultrasonography. She
had been taking several complex health supplements,
including vitamin C, probiotics, and diet products for
several months. Although biotin was not identified on
the labels of any of the products, we assumed that
fruit extracts in the diet products or biotin-producing
microbes in the probiotics could affect the biotin level
to cause laboratory errors. Repeat TFT results normalized
1 week after stopping all the supplements (Table 1).

Table 1. Thyroid function test results
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Case 3

A 69-year-old male PTC patient who had a total
thyroidectomy 10 years ago and had been taking 125
g of levothyroxine daily presented with severe thy-
rotoxicosis without any symptoms of thyrotoxicosis:
total T3, 651 ng/dl; free T4, 5.02 ng/dl; and TSH,
0.049 «1U/ml. His body weight was constant during
the follow up visits. The patient had been taking a
supplement containing royal jelly (Royal Jelly, Nature’s
Family, Sydney, NSW, Australia) for several months.
The patient was advised to stop taking the
supplement. After 1 week, we confirmed that his TFT
results were normal (Table 1). Later, we were in-
formed that royal jelly is the rich source for multiple
vitamins including biotin.

Discussion

The streptavidin—biotin complex has been used in a
variety of immunoassays. The analyte concentration
and the signal are inversely proportional in competitive
assays (e.g., free T4 and total T3). If the biotin con-
centration is supraphysiological, it competes with the
biotinylated analytes and the assay shows a low
signal. As a result, free T4 and total T3 will be higher
than the true value. In contrast, the signal increases
in proportion to the analyte concentration in un-
competitive sandwich assays (e.g., TSH). Excess bio-
tin will compete with the analyte complex and show
results that are lower than the true value.* As a con-
sequence, the TSH level will be falsely low.

The patients’ drug history must be determined to
avoid assay interference, and any suspicious supple-
ments containing biotin should be identified. Although

Case 1 Case 2 Case 3
Reference
On Off On Off On Off ranges
supplement supplement supplement supplement supplement  supplement
FT4 (ng/dl) 2.06 1.82 2.42 1.26 5.02 1.01 0.8-1.71
TT3 (ng/dl) >651 110 633 84 651 80 60-160
TSH («U/ml) 0.650 0.144 0.786 3.34 0.049 0.417 0.4-4.8

FT4: free thyroxine, TSH: thyroid stimulating hormone, TT3: total triiodothyronine
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we were not able to identify biotin contents in the
health supplements in Case 2, we assumed that fruit
extracts in the supplements or biotin-producing mi-
crobes in the probiotics product might contribute to
the elevation of serum biotin level.'” The relationship
between the probiotics and the biotin-utilizing im-
munoassays needs to be further studied. We consid-
ered that the possibility of thyroiditis would be unlikely
because her TFT recovered in only 1 week after with-
drawing the supplements, her anti—thyroglobulin anti-
body levels were within normal range during the follow
up visits, and T3-dominant thyrotoxicosis did not fit
with the typical findings of thyroiditis.m In Case 3, lat-
er, we were informed that royal jelly is the source for
biotin. A study has shown that royal jelly contains 84.3
nmol/g biotin.'” Thus, any supplements that may con-
tain biotin must be discontinued before retesting. The
time needed to restrain from using the supplements
increases with the biotin dose because biotin level is
positively correlated with the strength of interference.'”
The American Association for Clinical Chemistry
guidelines for biotin interference on laboratory tests
recommends at least an 8 hour withdrawal period for
patients who take 5-10 mg biotin and 72 hours for

higher doses of biotin (>100 mg/day) before blood
tests."” Secondly, if it is impossible to withhold the
supplements, non-biotinylated assays are another
option. Li et al," compared multiple immunoassays
with different assay systems related to biotin intake.
According to that study, biotinylated assays, such as
the Roche Cobas assay, show significantly different
total T3, free T4, and free T3 after ingesting biotin.'¥
As clinical laboratories in Chonnam University Hwasun
Hospital have used the Roche Cobas assay system for
thyroid immunoassays, the test results were con-
cordant with previous case reports that used bio-
tinylated assays (Table 2).5%% Piketty et al.™ sug-
gested effective neutralization methods to suppress
biotin interference, which needs further studies to be
widely used.

It is difficult to be aware of biotin interference when
a PTC patient who is on levothyroxine suppressive
therapy consumes a biotin supplement because we
commonly suppress TSH levels to prevent the re-
currence of thyroid cancer. Excess biotin intake mis-
leads the physician to decide to lower the dose of lev-
othyroxine, which may be suboptimal for the patient.

This report is the first case series of biotin-induced

Table 2. Summary of case reports on biotin-induced thyroid immunoassay interference

Author (year) Ge(r;?seerésaege, Biotin dose Assay(s) TSH  FT4 FT3/TT3 TRAb mﬂie
Wijeratne Male, Healthy 30 mg/day Beckman Dxl - t t - No
et al.¥ (2012)  subject
Elston et al.?  Female, 63, MS 100 mg TID  Roche Cobas 6000 ! t t t No
(2016)
Barbesino'” Male, 55, MS 100 mg TID  Roche Elecsys | t t t No
(2016)
Al-Salameh Male, 32, XAL 100 mg TID  Roche Cobas e170 | t t t No
et al.”® (2017)
Ardabilygazir Female, 49, MS, 200 mg/day  No description | t t - Yes
et al.'"” (2018) GD post iodine-131
Koehler et al.'® Male, 47, MS 100 mg TID  No description | t t t No
(2018)
Odhaib et al.'"” Female, 23 20 mg/day  Roche Cobas e411 | t t t No
(2019) Male, 45, NTT 30 mg/day Roche Cobas e411 | t t Yes
Park (2021) Female, 83, PTC 300 «g/day Roche Cobas ¢702 ! t t - Yes
Female, 43, PTC - Roche Cobas ¢702 | t t - No
Male, 69, PTC - Roche Cobas ¢702 | t t - Yes

FT3: free triiodothyronine, FT4: free thyroxine, GD: Graves' disease, LT4: levothyroxine, MS: multiple sclerosis, NTT:
near total thyroidectomy, PTC: papillary thyroid cancer, TID: three times per day, TRAb: thyrotropin receptor antibody,
TSH: thyroid stimulating hormone, TT3: total triiodothyronine, TT4: total thyroxine, XAL: X-linked adrenomyeloneuropathy
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thyroid immunoassay interference in South Korea.
Biotin interference should be considered when TFT re-
sults are discordant with clinical findings because bio-
tin use is widespread, and some health supplements
contain concealed biotin. If interference by biotin is
suspected, repeating the TFT after withholding the bi-
otin supplement for 1 week is a reasonable approach.
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