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IMPORTANCE Biotinylated antibodies and analogues, with their strong binding
to streptavidin, are used in many clinical laboratory tests. Excess biotin in blood due
to supplemental biotin ingestion may affect biotin-streptavidin binding, leading to
potential clinical misinterpretation. However, the degree of interference remains undefined
in healthy adults.

OBJECTIVE To assess performance of specific biotinylated immunoassays after 7 days
of ingesting 10 mg/d of biotin, a dose common in over-the-counter supplements
for healthy adults.

DESIGN, SETTING, AND PARTICIPANTS Nonrandomized crossover trial involving 6 healthy
adults who were treated at an academic medical center research laboratory

EXPOSURE Administration of 10 mg/d of biotin supplementation for 7 days.

MAIN OUTCOMES AND MEASURES Analyte concentrations were compared with baseline
(day 0) measures on the seventh day of biotin treatment and 7 days after treatment had
stopped (day 14). The 11 analytes included 9 hormones (ie, thyroid-stimulating hormone, total
thyroxine, total triiodothyronine, free thyroxine, free triiodothyronine, parathyroid hormone,
prolactin, N-terminal pro-brain natriuretic peptide, 25-hydroxyvitamin D) and 2
nonhormones (prostate-specific antigen and ferritin). A total of 37 immunoassays for the
11 analytes were evaluated on 4 diagnostic systems, including 23 assays that incorporated
biotin and streptavidin components and 14 assays that did not include biotin and streptavidin
components and served as negative controls.

RESULTS Among the 2 women and 4 men (mean age, 38 years [range, 31-45 years]) who took
10 mg/d of biotin for 7 days, biotin ingestion–associated interference was found in 9 of the 23
(39%) biotinylated assays compared with none of the 14 nonbiotinylated assays (P = .007).
Results from 5 of 8 biotinylated (63%) competitive immunoassays tested falsely high and
results from 4 out of 15 (27%) biotinylated sandwich immunoassays tested falsely low.

CONCLUSIONS AND RELEVANCE In this preliminary study of 6 healthy adult participants and 11
hormone and nonhormone analytes measured by 37 immunoassays, ingesting 10 mg/d of
biotin for 1 week was associated with potentially clinically important assay interference in
some but not all biotinylated assays studied. These findings should be considered for patients
taking biotin supplements before ordering blood tests or when interpreting results.
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I naccuracy of laboratory medicine diagnostic tests may be
associated with ingestion of over-the-counter vitamin
and herbal supplements.1,2 One such example is interfer-

ence associated with biotin. Biotin (vitamin B7), a water-
soluble vitamin found in meat, fish, eggs, and dairy,3 serves
as a catalyst for carboxylase enzymes important in macronu-
trient metabolism.4 Biotin supplements, especially very
large doses (eg, 10-15 mg/d, or 333-fold greater than the
dietary recommendation of 30 μg/d)5 have become popular
for presumptive health benefits such as stimulating hair
growth and treating certain medical conditions including
biotinidase deficiency, diabetes, lipid disorders, and diabetic
peripheral neuropathy.6-9 Ingestion of up to 300 mg/d
may be beneficial for multiple sclerosis.10,11 Taking high-
doses of biotin may result in inaccurate laboratory re-
sults because biotin is commonly used, in the form of biotin-
ylated antibodies or analogues, as a critical component in
immunoassays. These assays exploit the strong, stable, and
specific binding between biotin and streptavidin to amplify
the assay sensitivity for detecting low analyte levels.12,13

Excessive biotin in a blood sample can compete with biotin-
ylated components in the assay, potentially falsely decreas-
ing results in sandwich immunoassays or falsely increasing
results in competitive immunoassays (eFigures 1 and 2 in the
Supplement).14

Due to a lack of systematic studies, little is known about
whether or how performance of specific biotinylated immu-
noassays may be associated with biotin ingestion at doses
common in over-the-counter supplements (10 mg/d) in
healthy adults. Therefore, this study was designed to assess
the association of short-term biotin ingestion for 7 days
with performance of assays that measure 11 hormone and
nonhormone analytes: thyroid-stimulating hormone (TSH),
total thyroxine (T4), total triiodothyronine (T3), free T4,
free T3, intact parathyroid hormone (PTH), prolactin,
N-terminal pro-brain natriuretic peptide (NT-proBNP),
25-hydroxyvitamin D (25-OHD) in 6 healthy adults, and fer-
ritin and prostate-specific antigen (PSA) in the 4 men, using
4 assay systems.

Methods
Study Design
This study was approved by the institutional review board at
the University of Minnesota. Six healthy adults responded to
study announcement fliers, gave informed consent before
participation, and were not compensated. Exclusion criteria
including but not limited to conditions that potentially affect
biotin or hormones were being pregnant or lactating, having
known thyroid disease, undergoing thyroid hormone treat-
ment, ingesting over-the-counter dietary or nutritional
supplements (excluding standard multivitamin preparations
containing no more than 100% of the daily value for biotin
and calcium), working the night shift, smoking,15 being
treated with anticonvulsant medicine,16 or lacking the capac-
ity to consent. Participants were asked to stop taking multivi-
tamins 2 weeks before study participation.

Intervention
Participants were instructed to take 10 mg/d of biotin (Nature
Made) at the same time each morning for 7 days. Blood speci-
mens were collected by venipuncture at baseline prior to start-
ing biotin, after 1 week of biotin supplementation (day 7), and
1 week after participants stopped taking biotin (day 14). On the
last day of treatment (day 7), the blood specimen was drawn
approximately 2 hours after taking their last dose. Blood speci-
mens were labeled with participant study identification num-
ber and date, promptly centrifuged and processed to produce
serum sample aliquots that were stored up to a year at −70°C
until further analysis.

Outcomes
Eighteen serum samples, collected from the 6 participants at
the 3 time points, were each split into 4 aliquots and sent for
testing at 4 clinical laboratories using different diagnostic as-
say systems: Johns Hopkins Medical Institutions used Roche
cobas e602 for measurement of all 9 hormones and ferritin;
Children’s Mercy Hospital used the OCD Vitros 5600 for TSH,
PTH, total T4, total T3, free T4, NT-proBNP, and ferritin and
Siemens Immulite 2000 for prolactin. The University of
Minnesota Medical Center used Siemens Vista Dimension 1500
for TSH, PTH, total T4, free T4, free T3, NT-proBNP, ferritin,
and PSA and Siemens Advia Centaur XP for total T3 and PTH;
Boston Medical Center used Abbott Architect 2000 for TSH,
PTH, total T4, total T3, free T4, prolactin, 25-OHD, ferritin, and
PSA. eTable 1 in the Supplement summarizes information on
the 37 assays for the 11 analytes evaluated on 4 systems: 23 in-
corporated biotin and streptavidin components and 14 did not
include those components, serving as negative controls. Ana-
lytical imprecision data for these 37 assays are included in
eTable 2 in the Supplement. Two immunoassay principals
were used (eFigures 1 and 2 in the Supplement): the sand-
wich immunoassay for TSH, PTH, prolactin, NT-proBNP, PSA,
and ferritin and the competitive immunoassay for total T4, total
T3, free T4, free T3, and 25-OHD.

Four analytes (NT-proBNP, ferritin, 25-OHD, and PSA) were
performed as a second tier after the initial analysis of 7 ana-
lytes (TSH, intact PTH, total T4, total T3, free T4, free T3, pro-
lactin). As a result, the sample size for some tests was less than
6 due to an insufficient volume in the blood sample or sex dif-
ferences in the reference range. Prostate-specific antigen and
ferritin were measured for only the 4 men.

Key Points
Question Does oral biotin supplementation interfere with
hormone and nonhormone assays that use biotinylation in their
design?

Findings In this nonrandomized crossover study of 6 healthy
adults (2 women, 4 men), 10 mg/d of biotin ingested for 1 week
was associated with potentially clinically important assay
interferences in some but not all biotinylated hormone and
nonhormone assays studied.

Meaning Oral biotin use may be associated with false hormone
and nonhormone assay results.
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Figure 1. Concentrations of Serum Biotin, Thyroid-Stimulating Hormone (TSH), and Parathyroid Hormone (PTH)
From the 6 Study Participants
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Biotin ingestion of 10 mg/d for 7 days
was associated with significant
increased biotin concentrations
(P < .001), as well as falsely
decreased results in the Roche cobas
e602 TSH (P = .006), OCD Vitros
5600 TSH (P < .001), and OCD Vitros
5600 PTH (P < .001) assays.
A unique color is used for each
participant across all panels.
Dotted lines represent the lower and
the upper reference range for the
assay. Architect indicates Abbott
Architect 2000; Centaur, Siemens
Centaur XP; cobas, Roche cobas
e602; Vista, Siemens Vista
Dimension 1500; and Vitros, OCD
Vitros 5600. For SI conversion
factors, see the Methods section.
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Assays were performed for each analyte as a single batch,
on automated systems, by clinical laboratory technologists
blinded to the nature of the study. Serum biotin was mea-
sured by the Cambridge Biomedical Research Group (Boston,
Massachusetts) using a microbial growth assay.17 Serum cal-
cium was measured at Johns Hopkins Medical Institutions with
the Roche cobas c701 chemistry analyzer.

Statistical Analysis
The study was powered to detect changes larger than the ex-
pected assay coefficient of variations (imprecisions) at nor-
mal reference levels for common hormone tests (eTable 2 in
the Supplement). Because significant biotin ingestion–
associated changes were observed in some assays studied,
study recruitment was terminated after data analysis from the
first 6 participants.

Analyte levels below or above their reportable ranges
were assigned the following values: for Ortho Vitros
NT-proBNP, 11 pg/mL was used for levels reported to be lower

than 11.1 pg/mL; for both Siemens Vista Dimension and
Roche cobas NT-proBNP, 4 pg/mL was used for levels
reported that were less than 5 pg/mL. For biotin more than
3600 pg/mL, 3601 pg/mL was used. These value assignments
would underestimate any biotin interference that was pre-
sent. (To convert biotin from pg/mL to nmol/L, multiply
by 0.00409; prolactin from ng/mL to pmol/L, multiply by
43.478; free T3 from pg/mL to pmol/L, multiply by 1.54;
total T3 from ng/mL to nmol/L, multiply by 1.54; free T4
from ng/dL to pmol/L, multiply by 12.871; total T4 from
μg/dL to nmol/L, multiply by 12.871.)

Each combination of an analyte and a system was ana-
lyzed separately with repeated measures of an analysis of vari-
ance (ANOVA) (mixed linear model), for which the random ef-
fect was a participant and the within-participant fixed effect
was time (day of study). The primary analysis compared study
day 7, the last day participants took biotin, with the mean of
baseline and study day 14, before participants took biotin and
after they stopped taking biotin, using a contrast in the ANOVA.

Table 1. Concentrations of Biotin, Thyroid-Stimulating Hormone, and Parathyroid Hormone Across the Study Assay Systems

Biotin
Use

Mean of Analyte
Concentrations
(95% CI)

Mean of Day 7
Difference From
the Mean of Baseline
and Day 14 (95% CI)a

Day 7
Difference
P Value

Mean of Analyte
Concentrations
(95% CI)

Mean of Day 7
Difference From
the Mean of Baseline
and Day 14 (95% CI)a

Day 7
Difference
P Value

Biotin, pg/mL Calcium, mg/dLb

Baseline Without 774 (554 to 1004)

2669 (2440 to 2898) <.001

9.1 (9.0 to 9.3)

0.03 (–0.13 to 0.19) .69Day 7 With 3601 (3601 to 3601) 9.1 (8.8 to 9.5)

Day 14 Without 1090 (687 to 1493) 9.1 (8.8 to 9.3)

Thyroid-Stimulating Hormone, mIU/L Parathyroid Hormone, pg/mL

cobas

Baseline Without 1.80 (1.26 to 2.34)

–0.72 (–1.13 to –0.32) .006

36.5 (24.6 to 48.4)

–3.83 (–0.47 to 1.80) .21Day 7 With 1.21 (0.83 to 1.59) 31.3 (21.7 to 40.9)

Day 14 Without 2.06 (1.19 to 2.93) 33.8 (19.1 to 48.6)

Vitros

Baseline Without 1.64 (1.20 to 2.09)

–1.67 (–2.08 to –1.26) <.001

39.6 (23.7 to 55.6)

–25.8 (–34.8 to –16.8) <.001Day 7 With 0.10 (0.06 to 0.13) 12.6 (7.68 to 17.5)

Day 14 Without 1.89 (1.11 to 2.67) 37.2 (17.4 to 57.0)

Vista

Baseline Without 1.55 (1.08 to 2.02)

–0.11 (–0.49 to 0.26) .56Day 7 With 1.52 (1.10 to 1.95)

Day 14 Without 1.73 (0.94 to 2.51)

Architect

Baseline Without 1.48 (1.06 to 1.90)

–0.06 (–0.44 to 0.31) .74

39.8 (24.8 to 54.7)

3.13 (–4.21 to 10.5) .42Day 7 With 1.53 (1.08 to 1.98) 42.3 (23.7 to 60.8)

Day 14 Without 1.71 (0.93 to 2.48) 38.5 (20.2 to 56.8)

Centaur

Baseline Without 37.5 (17.7 to 57.2)

2.37 (–7.88 to 12.6) .66Day 7 With 40.3 (20.3 to 60.3)

Day 14 Without 38.4 (13.7 to 63.1)

Abbreviations: See Figure legends for full names of the assay systems.

SI conversion factors: To convert biotin from pg/mL to nmol/L, multiply by
0.00409; calcium from mg/dL to mmol/L, multiply by 0.25.
a Each analysis was a repeated measures analysis of variance (ANOVA; mixed

linear model), for which the random effect was a participant and the
within-participant fixed effect was time. The primary comparison was study
day 7 vs the mean of the baseline and study day 14 using a contrast in the

ANOVA, ie: study day 7 −(½ baseline + study day 14). Data are presented as the
absolute mean difference of study day 7 from the mean of baseline and study
day 14. The units for the study day-7 difference are the same as those of
analyte concentrations.

b Calcium values were included because they are necessary to interpret
parathyroid hormone results.
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To test this contrast for each analyte and system, P < .05 was
the criterion for statistical significance. For each combina-
tion of an analyte and a system, we also present comparisons
of pairs of times using the Tukey honest significant differ-
ence post hoc test. Data are reported as mean and 95% CIs.
The Fisher exact test was used to compare biotin interference
outcomes between the biotinylated assays and nonbiotinyl-
ated assays. All tests were 2-sided. All analyses used JMP Pro
v13 (SAS Institute Inc).

Results

Characteristics of the Study Population
Six healthy adults enrolled in the study, 2 women and 4 men,
with a mean age of 38 years (range, 31-45 years). Baseline ana-
lyte concentrations for the 6 participants were within the manu-
facturer’s reference ranges for 7 analytes measured by 29 as-
says, except for 4 analytes measured by 8 assays: (1) PTH by

Figure 2. Concentrations of Total Thyroxine (T4) and Total Triiodothyronine (T3) From the 6 Study Participants
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Taking 10 mg/d of biotin for 7 days
was associated with falsely increased
results from the Roche cobas e602
Total T3 (P =.001). A unique color is
used for each participant across all
panels. The dotted lines represent
the lower and the upper reference
range for each assay. Architect
indicates Abbott Architect 2000;
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Roche cobas e602; Vista, Siemens
Vista Dimension 1500; and Vitros,
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factors, see the Methods section.
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Figure 3. Concentrations of Free Thyroxine (T4), Free Triiodothyronine (T3), and Prolactin
From the 6 Study Participants
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Taking 10 mg/d of biotin for 7 days
was associated with falsely increased
results from the Roche cobas e602
assay for free T4 (P= .01) and free T3
(P= .005) and from the Siemens Vista
Dimension 1500 assay for free T3
(P< .001). A unique color is used for
each participant across all panels.
The dotted lines represent the lower
and the upper reference range for
each assay. For prolactin, 2 women
were represented by triangles and 4
men by dots. Red dotted lines
represent normal range of prolactin
for women and black for men.
Architect indicates Abbott Architect
2000; Centaur, Siemens Centaur XP;
cobas, Roche cobas e602; Vista,
Siemens Vista Dimension 1500;
and Vitros, OCD Vitros 5600.
For SI conversion factors, see the
Methods section.
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OCD Vitros 5600 and Siemens Advia Centaur XP; (2) total T4 by
Abbott Architect; (3) prolactin by Roche cobas e602, Siemens Im-
mulite 2000, and Abbott Architect; and (4) ferritin by the Roche
cobas e602 and Abbott Architect. In each case, this involved no
more than 1 or 2 participants. None of the participants had ab-
normal baseline results across all systems for a given analyte.

Biotin Ingestion and Assay Performance
The mean baseline serum biotin concentration was 774 pg/mL
(95% CI, 554-1004 pg/mL) compared with a mean study day-7
concentration of more than 3600 pg/mL (95% CI, 3601-3601,
mg/mL; P value <.001) for all 6 participants (Figure 1A).
On study day 14, the mean biotin concentration decreased to

Table 2. Concentrations of Triiodothyronine (T3), Thyroxine (T4), Free T3, and Free T4 Across the Study Assay Systems

Biotin Use

Mean of Analyte
Concentrations
(95% CI)

Mean of Day 7 Difference
From the Mean of Baseline
and Day 14 (95% CI)a

Day 7
Difference
P Value

Mean of Analyte
Concentrations
(95% CI)

Mean of Day 7 Difference
From the Mean of Baseline
and Day 14 (95% CI)a

Day 7
Difference
P Value

Total T4, μg/dL Free T4, ng/dL

cobas

Baseline Without 6.93 (6.19 to 7.68)

0.19 (−0.17 to 0.55) .32

1.25 (1.09 to 1.41)

0.13 (0.05 to 0.20) .01Day 7 With 7.03 (6.15 to 7.91) 1.37 (1.24 to 1.49)

Day 14 Without 6.75 (6.21 to 7.29) 1.23 (1.09 to 1.38)

Vitros

Baseline Without 6.88 (6.07 to 7.69)

0.06 (−0.32 to 0.44) .77

1.19 (1.09 to 1.29)

0.04 (−0.03 to 0.10) .29Day 7 With 6.85 (5.85 to 7.84) 1.21 (1.12 to 1.30)

Day 14 Without 6.69 (6.11 to 7.28) 1.16 (1.06 to 1.25)

Vista

Baseline Without 7.57 (6.60 to 8.54)

–0.03 (–0.44 to 0.38) .90

1.00 (0.92 to 1.07)

0.02 (–0.02 to 0.06) .31Day 7 With 7.33 (6.30 to 8.35) 1.01 (0.95 to 1.07)

Day 14 Without 7.14 (6.36 to 7.91) 0.98 (0.92 to 1.03)

Architect

Baseline Without 5.12 (4.59 to 4.65)

0.02 (–0.25 to 0.28) .90

0.95 (0.90 to 1.0)

0.02 (–0.02 to 0.06) .37Day 7 With 5.10 (4.55 to 5.64) 0.97 (0.92 to 1.01)

Day 14 Without 5.05 (4.64 to 5.43) 0.94 (0.90 to 0.99)

Total T3, ng/mL Free T3, pg/mL

cobas

Baseline Without 1.02 (0.88 to 1.16)

0.85 (0.49 to 1.22) .001

3.22 (2.87 to 3.56)

0.36 (0.17 to 0.55) .005Day 7 With 1.87 (1.08 to 2.65) 3.57 (3.22 to 3.92)

Day 14 Without 1.01 (0.90 to 1.12) 3.20 (2.82 to 3.58)

Vitros

Baseline Without 1.21 (1.14 to 1.28)

0.04 (–0.002 to 0.08) .10Day 7 With 1.25 (1.14 to 1.36)

Day 14 Without 1.21 (1.14 to 1.28)

Centaur

Baseline Without 1.04 (0.92 to 1.15)

0.04 (–0.01 to 0.09) .18Day 7 With 1.08 (0.92 to 1.25)

Day 14 Without 1.05 (0.93 to 1.17)

Architect

Baseline Without 0.96 (0.85 to 1.06)

0.04 (–0.01 to 0.09) .18Day 7 With 0.99 (0.87 to 1.11)

Day 14 Without 0.95 (0.84 to 1.06)

Vista

Baseline Without 2.74 (2.47 to 3.01)

0.78 (0.50 to 1.06) <.001Day 7 With 3.51 (2.94 to 4.07)

Day 14 Without 2.71 (2.39 to 3.03)

Abbreviations: See Figure legends for full names of the assay systems.

SI conversion factors: To convert total T3 from ng/mL to nmol/L, multiply by
1.54; total T4 from μg/dL to nmol/L, multiply by 12.871; free T3 from pg/mL to
pmol/L, multiply by 1.54; free T4 from ng/dL to pmol/L, multiply by 12.871.
a Each analysis was a repeated measures of analysis of variance (ANOVA; mixed

linear model), for which the random effect was a participant and the

within-participant fixed effect was the study day. The primary comparison was
study 7 vs the mean of the baseline and study day 14 measures using a
contrast in the ANOVA, ie: study day 7 −(½ baseline + day 14). Data are
presented as the absolute mean difference of day 7 from the mean of baseline
and day 14 (95% CI). The units for the day 7 difference are the same as those
of analyte concentrations.
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1090 pg/mL (95% CI, 687-1493 pg/mL). Baseline and study day
14 biotin concentrations did not differ statistically (eTable 4
in the Supplement).

Biotin ingestion was associated with falsely decreased
Roche cobas e602 TSH levels by a mean of 0.72 mIU/L
(95% CI, −1.13 to −0.32 mIU/L; P = .006), a 37% reduction
from baseline, although all results remained within the
euthyroid reference range (Figure 1B). The interference was
much greater when measured by the Vitros 5600 TSH assay
(Figure 1C) for which TSH significantly decreased by a mean
of 1.67 mIU/L (95% CI, −2.08 to −1.26 mIU/L; P < .001), a 94%
reduction from baseline, with all results falsely decreased to
below the reference range (ie, <0.15 mIU/L; reference range,
0.47-4.68 mIU/L).

Biotin ingestion was associated with significantly de-
creased OCD Vitros PTH results by a mean of 25.8 pg/mL (95%
CI, −34.8 to −16.8 pg/mL; P < .001), a 61% reduction from base-
line. In 2 participants with normal baseline PTH concentra-
tions, biotin ingestion was associated with falsely decreased
PTH results, slightly below the lower limit of the reference range
at 7.0 pg/mL and 7.2 pg/mL (reference range, 7.5-53.5 pg/mL).
Serum calcium concentrations in all participants remained
stable within the reference range (Table 1).

Biotin ingestion was associated with statistically signifi-
cant false increases in 4 assays: 3 Roche cobas e602 assays mea-
suring total T3, free T3, and free T4; and the Siemens Vista Di-
mension 1500 measuring free T3 (Figure 2 and Figure 3). Roche
cobas e602 total T3 concentrations falsely increased by a mean
of 0.85 ng/mL (95% CI, 0.49-1.22 ng/mL; P = .001), whereas
Siemens Vista free T3 concentration falsely increased by a mean
of 0.78 pg/mL (95% CI, 0.50-1.06 pg/mL; P < .001; Table 2). In
3 participants, the Roche cobas e602 total T3 results and in 1
participant Siemens Vista free T3 result were higher than their
respective reference ranges. Table 3 shows the results for pro-
lactin, which did not have biotin-associated changes.

eFigure 3 in the Supplement shows that biotin ingestion
was associated with falsely reduced OCD Vitros 5600
NT-proBNP results by an average of more than 13.9 pg/mL
(95% CI, −24.7 to −3.12 pg/mL; P = .03) to less than 11.1 pg/mL
in all participants. The actual reduction was underestimated
because results while participants were taking biotin were
below the assay’s reportable range. Biotin ingestion was asso-
ciated with falsely increased Roche cobas 25-OHD results by
a mean of 9.25 ng/mL (95% CI, 5.72-12.8 ng/mL; P < .001)
higher than the baseline (eTable 3 in the Supplement). None
of the 11 analytes measured by 37 assays differed between
baseline and day 14, except ferritin measured by the Siemens
Vista Dimension (eTable 4 in the Supplement). Ferritin at day
7 of biotin treatment did not differ significantly from the
mean of baseline and day 14 or from baseline alone in all 4
systems, supporting that biotin ingestion was not associated
with the difference between baseline and day 14.

Biotin interference was not observed in any of the 14 non-
biotinylated assays (Table 4). Biotin interference was not ob-
served in 14 of the 23 (61%) biotinylated assays; however, it was
observed in 9 of the 23 (39%) biotinylated assays: falsely de-
creasing results in 4 sandwich immunoassays (4 of 15 [27%]);
falsely increasing results in 5 competitive immunoassays (5 of
8 [63%]). Biotin interference outcomes were significantly dif-
ferent between biotinylated assays (9 of 23 [39%]) and non-
biotinylated assays (none) (Fisher exact test, P = .007).

Discussion
This study involving 6 healthy adults demonstrated that oral
biotin was associated with potentially clinically important
assay interference in some but not all biotinylated assays.
Among the 23 biotinylated assays studied, biotin interference
was of greatest clinical significance in the OCD Vitros TSH

Table 3. Concentrations of Prolactin Across the Study Assay Systems

Biotin Use

Prolactin, ng/mL
Day 7
Difference
P Value

Mean of Analyte
Concentrations (95% CI)

Mean of Day 7 Difference
From the Mean of Baseline
and Day 14 (95% CI)a

cobas

Baseline Without 11.7 (8.66 to 14.8)

–1.28 (–2.83 to 0.26) .13Day 7 With 11.3 (8.22 to 14.3)

Day 14 Without 13.4 (10.5 to 16.3)

Vista

Baseline Without 9.35 (5.82 to 12.9)

–1.03 (–2.26 to 0.19) .13Day 7 With 8.93 (5.49 to 12.4)

Day 14 Without 10.6 (7.41 to 13.8)

Immulite

Baseline Without 10.7 (3.45 to 18.0)

–0.89 (–2.02 to 0.24) .15Day 7 With 10.40 (3.55 to 17.3)

Day 14 Without 11.9 (4.83 to 18.9)

Architect

Baseline Without 11.4 (4.94 to 18.0)

–1.19 (–2.39 to 0.02) .08Day 7 With 10.9 (4.94 to 16.8)

Day 14 Without 12.7 (6.68 to 18.8)

Abbreviations: See Figure legends for
full names of the assay systems.

SI conversion factors: To convert
prolactin from ng/mL to pmol/L,
multiply by 43.478.
a Each analysis was a repeated

measures of analysis of variance
(ANOVA; mixed linear model), for
which the random effect was a
participant and the
within-participant fixed effect was
the study day. The primary
comparison was study 7 vs the
mean of the baseline and study day
14 measures using a contrast in the
ANOVA, ie: study day 7 −(½ baseline
+ day 14). Data are presented as the
absolute mean difference of day 7
from the mean of baseline and day
14 (95% CI). The units for the day 7
difference are the same as those of
analyte concentrations.
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assay, where falsely decreased TSH concentrations (to
<0.15 mU/L) could have resulted in misdiagnosis of thyrotoxi-
cosis in otherwise euthyroid individuals. Likewise, falsely
decreased OCD Vitros NT-proBNP, to lower than assay detec-
tion limits, could possibly result in failure to identify conges-
tive heart failure.18 Because healthy study participants had
normal baseline NT-proBNP, further study of patients with
high baseline NT-proBNP concentration would be required to
establish the effect of biotin interference on the diagnosis of
heart failure. The smaller changes observed in other assays,
namely OCD Vitros PTH; Roche cobas e602 TSH, total and
free T3, free T4, and 25-OHD; and Siemens Vista free T3,
although primarily producing false results within the refer-
ence range among participants while taking biotin, could lead
to falsely normal or abnormal interpretation of the results for
individuals starting from baseline levels closer to the refer-
ence range limits.19

Many of the studied biotinylated assays were not af-
fected by 7 days of biotin, despite what would have been pre-
dicted (Table 4) based on the assay biotin and streptavidin com-
ponents. For some assays (eg, Roche cobas e602 PTH, total T4,

free T4, and prolactin and Siemens Vista 1500 TSH, PTH, free
T4, and prolactin), there are reports of biotin interference.20-24

For example, a falsely low Roche Elecsys PTH level of 48 ng/L
was reported in a patient with hyperparathyroidism in chronic
kidney disease (true PTH level 576 ng/L).21

Potential reasons for discrepancies between predicted and
actual biotin interference in an individual blood sample in-
clude inherent differential biotin interference tolerance among
biotinylated assays owing to assay design, endogenous levels
of free biotin and biotin metabolites present in the
sample,21,25,26 the type of biotin supplement, the dose and du-
ration of biotin ingestion,20 time of blood draws after the last
dose, and the analyte concentration. Supraphysiologic doses
of biotin may increase blood concentrations by 1.5 to 163 times
higher than normal, depending on dose and measurement time
after administration.20,21,27-29 Differential biotin interference
tolerance among assays is likely due to the amounts of bioti-
nylated antibodies or analogues used, the availability of strep-
tavidin binding sites and areas in the assay reagents (eg, strep-
tavidin-coated magnetic particles) (eFigures 1 and 2 in the
Supplement), and possible effects from biotin metabolites.20

Table 4. Summary of Predicted vs Observed Results of Biotin Interference Effectsa

Immunoassay Format
Predicted Direction of
Biotin Interference Analyzer Analyte

Observed Direction of
Biotin Interference

No Biotin Used in the Assay

Competitive

Not affected

Architect Free T4
Total T3
Total T4

Not affected
Vitros Free T4

Total T3
Total T4

Centaur Total T3

Vista Total T4

Sandwich

Not affected
Architect

PSA
PTH
TSH
Ferritin
Prolactin

Not affected

Immulite Prolactin

Biotin Used in the Assay

Competitive

Falsely high

Architect 25-OHD Not affected

cobas e602

25-OHD
Free T3
Free T4
Total T3

Falsely high

Total T4 Not affected

Vista
Free T3 Falsely high

Free T4 Not affected

Sandwich

Falsely low

Vitros

Ferritin Not affected

NT-proBNP
PTH
TSH

Falsely low

cobas e602

Ferritin
NT-proBNP
PTH
Prolactin

Not affected

TSH Falsely low

Centaur PTH Not affected

Vista

PSA
Ferritin
NT-proBNP
TSH
Prolactin

Not affected

Abbreviations: Free T3, free
triiodothyronine; free T4, free
thyroxine; NT-proBNP, N-terminal
pro-brain natriuretic peptide;
PSA, prostate-specific
antigen; PTH, parathyroid hormone;
TSH, thyroid-stimulating hormone;
total T3,triiodothyronine; total T4,
total thyroxine; 25-OHD,
25-hydroxyvitamin D. See Figure
legends for full names of the
assay systems.
a Prediction of whether biotin

ingestion–associated interference
is absent or present is based on
whether an immunoassay uses
biotinylated components in the
reagents and biotin-streptavidin
binding in the assay design.
Interference is predicted to be
absent in nonbiotinylated assays
that do not use biotinylated
components in the assay reagents
but present in biotinylated assays.
Direction of the predicted
interference is based on the
immunoassay principle: sandwich or
competitive. Biotin ingestion is
predicted to be associated with
falsely decreased results in
sandwich biotinylated
immunoassays and with falsely
increased results in competitive
biotinylated immunoassays.
A 2-tailed Fisher exact test was used
to compare interference outcomes,
which were present in 9 of the 23
biotinylated assays and none of the
14 nonbiotinylated assays
(P = .007).
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The time required for patients to stop taking supple-
ments with biotin to avoid assay interference appears to be vari-
able and may depend on the patient population, time of blood
collection relative to the last biotin dose, biotin dose, chronic-
ity of biotin exposure, and half-life of free biotin and biotin me-
tabolites in plasma. Maximal assay interference was demon-
strated 2 hours after a single 30-mg biotin dose.30 Peak biotin
blood concentration occurred 1.25 hours and 1.5 hours after a
100-mg and a 300-mg single dose, respectively, with half-life
up to 18.8 hours following a single 300-mg dose.28 In con-
trast, a 1.8-hour half-life was reported from a 600-μg biotin
dose.31 Biotin metabolite concentrations (ie, bisnorbiotin) were
significantly higher following months of taking 100 mg of bio-
tin 3 times a day than they were following a single 300-mg
dose,20 suggesting that biotin metabolites are affected by chro-
nicity of biotin exposure. Spiking studies24,32,33 showed inter-
ference at higher in vitro biotin concentrations than have been
measured in vivo,21 indicating the importance of biotin
metabolites.20,21,26 Biotin assay interference following discon-
tinuation of biotin has been demonstrated at 24 hours and at
16 hours following a single 30-mg dose and 3 daily 100-mg
doses, respecively.22,30 Falsely abnormal hormone levels re-
turned to normal 3 days after ceasing to take 300 mg of biotin
in 3 daily doses and 2 days after ceasing to take up to 300 mg
of biotin.34,35 In pediatric populations, biotin interference was
found 2 days after the last dose of biotin (10 mg/d for 4 days),
and disappeared at a week in infants and young children re-
ceiving between 2 and 15 mg/kg/d.32,36 In the current study,
mean biotin concentration returned to baseline and the bio-
tin ingestion–associated interferences resolved 1 week after a
10-mg/d 7-day course.

Limitations
To our knowledge, the current study is the first to systemati-
cally assess the association of biotin ingestion (10 mg/d for
7 days) in healthy adults with performance of 37 assays that
measure 11 analytes over 4 major diagnostic systems (Table 4).
The study has several limitations. First, only healthy adults
with mostly normal analyte concentrations were evaluated.
Second, the study was neither randomized nor blinded to the
investigators or participants, although it was blinded to the
clinical laboratories. The study did not have a placebo group,
but the crossover design and repeated measures analysis al-

lowed each participant’s baseline values to serve as his/her own
controls, making it more efficient (smaller sample size is
needed) than a randomized design, because between-person
variability in overall level of an analyte is eliminated. Third,
because no formal dose-response pharmacokinetic study of
biotin at various doses was performed, the minimal dose and
duration required to alter assay results remains undeter-
mined. Fourth, the sample size was small; power may have
been insufficient to detect smaller effects of biotin ingestion.
Definitive studies of the effect of biotin on specific assays and
analytes will require further investigation.

Despite these limitations, this study reinforces caution-
ary advice regarding potential limitations of assays that use
biotin streptavidin binding for clinical evaluation of individu-
als who ingest large doses of biotin. A few assay manufactur-
ers package inserts acknowledge biotin interference, recom-
mending delayed sample collection after biotin intake. Based
on these findings, manufacturers may need to consider
modifying biotinylated assays to minimize the effects of bio-
tin ingestion.20,21,37 Laboratories could identify assays that
contain biotinylated components.38 Clinicians may want to
ask about biotin ingestion even if assay results are not sus-
pect because biotin interferences can cause either falsely
normal or abnormal results.24 It may be advisable for patients
to stop taking biotin, preferably for a week as studied herein,
before undergoing laboratory testing. Alternatively, in the
presence of biotin ingestion, nonbiotinylated assays would
be preferred. Future studies, including patients with normal
and abnormal analyte concentrations, are recommended to
further clarify the extent and pharmacokinetics of ingested
biotin interference on various assay platforms.

Conclusions
In this preliminary study of 6 healthy adult participants and
11 hormone and nonhormone analytes measured by 37 im-
munoassays, ingesting 10 mg/d of oral biotin for 1 week was
associated with potentially clinically important assay inter-
ference in some but not all biotinylated assays studied.
These findings should be considered for patients taking bio-
tin supplements before ordering blood tests or when inter-
preting results.
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