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ABSTRACT

Introduction: Inquiries from healthcare provi-
ders and patients about the gluten and alu-
minum content of Synthroid� (levothyroxine
sodium tablets) have increased. The objective of
this study was to measure and evaluate the
gluten content of the raw materials used in the
manufacturing of Synthroid. Additionally, this
study determined the aluminum content in
different strengths of Synthroid tablets by esti-
mating the amount of aluminum in the raw
materials used in the manufacturing of
Synthroid.
Methods: Gluten levels of three lots of the
active pharmaceutical ingredient (API) and one
lot of each excipient from different vendors
were examined. The ingredients in all current
Synthroid formulations (strengths) were evalu-
ated for their quantity of aluminum.
Results: Gluten concentrations were below the
lowest limit of detection (\3.0 ppm) for all tes-
ted lots of the API and excipients of Synthroid
tablets. Aluminum content varied across tablet
strengths (range 19–137 lg/tablet). Gluten

levels of the API and excipients were found to
be below the lowest level of detection and are
considered gluten-free based on the US Food
and Drug Administration (FDA) definition for
food products. Across the various tablet
strengths of Synthroid, the maximum alu-
minum levels were well below the FDA-deter-
mined minimal risk level for chronic oral
aluminum exposure (1 mg/kg/day).
Conclusion: These data demonstrate that
Synthroid tablets are not a source for dietary
gluten and are a minimal source of aluminum.
Funding: AbbVie Inc.
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INTRODUCTION

Synthroid� (levothyroxine sodium tablets) is
indicated as replacement or supplemental
therapy in congenital or acquired hypothy-
roidism [1]. The most common cause of
hypothyroidism in the USA is autoimmunity
(Hashimoto’s disease) [2]. In adults, the inci-
dence of hypothyroidism is estimated to be 3.5
per 1000 per year in women and 0.6 per 1000
per year in men [3]. Patients with thyroid dis-
orders may be at heightened risk for intolerance
to gluten, as Celiac disease has, in a number of
studies, been shown to have associations with
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autoimmune thyroid diseases such as Hashi-
moto’s [4–8]. In studies of patients with Celiac
disease, the percentage of patients who also had
autoimmune thyroid diseases ranged from 3.5%
to 5.4% [4, 5, 7].

Recently, a methodology and database
designed to identify medications that may
contain gluten were developed to assist health-
care providers who treat gluten-intolerant
individuals [9]. Another illustration of patients’
concerns about gluten in medications is the fact
that 1340 inquiries regarding gluten content in
Synthroid were received by AbbVie Inc. in 2013,
representing 52% of all requests for information
about Synthroid during that year.

Exposure to aluminum occurs primarily
through the consumption of food items [10].
Aluminum is a known constituent of the col-
orants used in the manufacturing of Synthroid
formulations. Multiple studies have discredited
initial reports from the 1960s and 1970s of a
possible association of aluminum with Alzhei-
mer’s disease [11, 12]. Nevertheless, occasional
inquiries on the aluminum content of
Synthroid based on this outdated hypothesis
continue to arise.

The objectives of this study were to measure
and evaluate the potential gluten content of
raw materials used in the manufacturing of
Synthroid. Additionally, this study determined
the aluminum content in different strengths of
those tablets by estimating the amount of alu-
minum in the raw materials used in the manu-
facturing of Synthroid.

METHODS

Gluten Content Determination

Allergen and other information was requested
from the suppliers of the excipients used in the
manufacturing of Synthroid and reviewed for
the presence of gluten. Three lots of the active
pharmaceutical ingredient (API) and one lot of
the excipients from each of the suppliers were
tested for the presence of gluten using an
enzyme immunoassay test method kit (US-RI-
DASCREEN� Gliadin Test Kit, R-Biopharm AG,

Darmstadt, Germany). The lowest limit of
detection with this method was 3.0 ppm.

Aluminum Content Determination

The ingredients in the levothyroxine sodium
formulations, including colorants, were evalu-
ated to estimate the quantity of aluminum in
various tablet strengths. The quantitation of
aluminum in the colorants was based on the
composition information provided by the col-
orant manufacturers. For the other raw material
used in the manufacturing of Synthroid, alu-
minum content was estimated on the basis of
the raw material specifications, information
from the literature, and whether the raw mate-
rial was plant- or mineral-based. The total alu-
minum level in the talc was evaluated in two
different ways; the first calculations were based
on the worst theoretical case based on the
explicit limit of not more than 2% for alu-
minum stated in the US Pharmacopeia mono-
graph, and the second calculations were based
on the maximum observed levels (0.6%) tested
since 2010. In calculating the contributions of
the individual raw materials to the overall alu-
minum content, it was generally assumed that
the maximum possible amount of aluminum
was present from each ingredient. Therefore, it
is likely that the actual amounts of aluminum
present in the tablets are lower than the calcu-
lated totals.

Compliance with Ethics Guidelines

This article does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Gluten Content

All of the tested lots of API and excipients of
Synthroid had gluten concentrations that were
below the lowest limit of detection (\3.0 ppm;
Table 1).
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Aluminum Content

Each of the colorants used in the various tablet
formulations has a different amount of alu-
minum present as a substrate for the colorant
(i.e., Aluminum Lake dyes).

The estimated maximum aluminum levels in
the drug product ranged from 19 to 137 lg per
tablet across the various tablet strengths
(levothyroxine sodium 25, 37, 50, 63, 75, 88,
100, 112, 125, 137, 150, 175, 200, and 300 lg;
Fig. 1). This is below the minimal risk level
(MRL) for chronic oral aluminum intake of 1 mg
per kg of body weight per day (Table 2).

DISCUSSION

Inquiries related to the presence of gluten and
aluminum inSynthroid have increased.Asa result
of this volume of inquiries receivedby AbbVie Inc.
from healthcare providers and patients, this study
was conducted to determine both the gluten
content of raw materials used in the manufactur-
ing of Synthroid and to quantify the aluminum
content in different strengths of those tablets.

Gluten is of concern in patients with
autoimmune thyroiditis requiring levothyrox-
ine sodium who may have gluten intolerance
from autoimmune Celiac disease [4, 5]. Inqui-
ries regarding the association of aluminum
consumption and Alzheimer’s disease occa-
sionally surface despite the lack of substantia-
tion in modern studies.

In the present study, the excipient suppliers
reported that their materials were gluten-free.
When testing the excipients used in the manu-
facturing process for Synthroid and the API
(levothyroxine sodium) of those tablets, there
werenoquantifiable levelsofglutendetected.The
US Food and Drug Administration (FDA) does not
enforce labeling of the gluten content in medi-
cations [9], so there is no drug-specific guidance;
however,a thresholdof less than20 ppmtodefine
food products as gluten-free has been established
by the FDA [13]. These results demonstrate that
Synthroid tablets are gluten-free as defined by the
threshold of less than 20 ppm that the FDA has
established for food products.

The true threshold of gluten exposure exacer-
bating Celiac disease is unknown but, after eval-
uation of available dose–response data, the
tolerable daily intake level for gluten in individ-
uals withCeliacdiseasewasdetermined inasafety
assessment by the FDA Office of Food Safety in
May 2011 to be 0.4 mg gluten/day for adverse
morphological effects and 0.015 mg gluten/day
for adverse clinical effects [14]. The finding that
gluten levels in the excipients and API were below
detectable levels provides evidence that Syn-
throid is unlikely to exacerbate Celiac disease in
patients who may be receiving levothyroxine
sodium to treat their hypothyroidism.

Aluminum is ubiquitous and is naturally
released to the environment [15]. The general

Table 1 Gluten test results of raw materials used in the
manufacture of Synthroid� tablets

Raw material/excipient Gluten
concentration
(ppm)

Levothyroxine sodium, USP \3.0

Talc, USP \3.0

Lactose monohydrate, NF \3.0

Acacia, NF \3.0

Sugar, confectioner’s, NF \3.0

Magnesium stearate, NF/EP \3.0

Povidone, USP \3.0

Dye, Yellow D&C No. 10, Aluminum

Lake

\3.0

Dye, Blue FD&C No. 1, Aluminum Lake \3.0

Dye, Yellow FD&C No. 6, Aluminum

Lake

\3.0

Dye, Blue FD&C No. 2, Aluminum Lake \3.0

Dye, Red FD&C No. 40, Aluminum

Lake

\3.0

Dye, Red Lake Blend \3.0

Dye, Brown Lake Blend \3.0

Dye, Olive Lake blend \3.0

EP European Pharmacopoeia, FD&C Federal Food, Drug,
and Cosmetic Act, NF National Formulary, USP US
Pharmacopeia
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population is primarily exposed to aluminum
through the consumption of food items, as well
as over-the-counter medicinals such as antacids
and buffered aspirin; aluminum also is found in
a number of topically applied consumer prod-
ucts such as antiperspirants, first-aid antibiotics,
and antiseptics [15]. On the basis of the FDA’s
1993 Total Diet Study dietary exposure model
and the 1987–1988 US Department of Agricul-
ture (USDA) Nationwide Food Consumption
Survey, aluminum intakes of between 0.10 and
0.12 mg aluminum/kg/day for adults (equiva-
lent to 7.0–8.4 mg/day in a 70-kg individual)
appear likely [10]. In the present analysis, the
levels of aluminum in the raw materials and in
the various strengths of tablet formulations of
levothyroxine sodium were far below the MRL of
1 mg/kg/day (equivalent to 70 mg/day in a 70-kg

individual) [10]. As a worst-case estimate
assuming a 100-lg tablet containing 137 lg of
aluminum, an individual weighing 70 kg would
need to consume at least 511 tablets daily to
reach the MRL for aluminum. Therefore,
Synthroid is not a significant source of alu-
minum exposure compared with estimated daily
aluminum exposure from other sources. Theo-
retically, the levothyroxine sodium API could
contribute to the overall aluminum content via
exposure to water (solvent) during synthesis,
with the amount dependent on the particular
formulation strength. However, the majority of
the aluminum content of a Synthroid tablet, on
a weight basis, is from the colorants and from
the talc raw material, with all other ingredients
estimated to contribute less than 0.2 lg of alu-
minum to each tablet (see Fig. 1).

Fig. 1 Materials and aluminum content (lg) in Synthroid�

tablets of various strengths. Values listed are the lg
amount of aluminum in each tablet strength. ‘‘Observed’’
is the actual value for a specific lot as reported by the
vendor on the certificate of analysis. ‘‘Theoretical’’ is based
on the upper limit for the aluminum content and

therefore reflects the maximum possible aluminum
content in a lot of talc. Dyes 1, 2, and 3 were not
necessarily the same among tablets of different strengths;
the number of dyes per tablet ranged from 0 to 3. All
other ingredients were estimated to contribute\0.2 lg of
aluminum to each tablet
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LIMITATIONS

In the present study, the suppliers of the
excipients reported that their materials were not
derived from sources that contain gluten. The
possibility of gluten making its way into the
manufacturing process was mitigated by mea-
suring both the API as well as the excipients
used in the manufacturing of Synthroid, which
confirmed a lack of measurable gluten. While
random selection of batches does not guarantee
that all batches would display similar results, it
is unlikely that significant variance exists in the
production of Synthroid; therefore, these bat-
ches could be considered representative.

Aluminum measurements were based on
estimates of known quantities of raw ingredi-
ents and estimations of content from secondary
sources (talc and water). Worst-case estimates
were utilized to calculate concentrations of
aluminum, finding levels significantly lower
than the established MRL.

CONCLUSIONS

Across the manufacturing process and produc-
tion of Synthroid, no gluten or gluten deriva-
tives are used. Testing of the API and excipients

demonstrated that gluten levels were below the
lowest level of detection and, on the basis of the
FDA definition for food products, would be
considered gluten-free. Across the various tablet
strengths of Synthroid, the maximum alu-
minum levels were well below the FDA-deter-
mined MRL for chronic oral exposure to
aluminum. These data demonstrate that it is
unlikely Synthroid would present a significant
risk of exposure for patients prescribed
levothyroxine sodium who are gluten intoler-
ant or concerned by aluminum intake.
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Table 2 US regulations and guidelines applicable to aluminum and compounds in water

Agency Description Information

EPA Designated as hazardous substances in accordance with

Section 311(b)(2)(A) of the Clean Water Act for aluminum sulfate

Yes

Drinking water standards and health advisories 0.05–0.2 mg/L

National primary drinking water standards No data

National secondary drinking water standards for aluminum 0.05–0.2 mg/L

Reportable quantities of hazardous substances designated pursuant to

Section 311 of the Clean Water Act for aluminum sulfate

5000 lb

Water quality criteria for human health for aluminum

Freshwater criterion maximum concentration 750 lg/L

Freshwater criterion continuous concentration 87 lg/L

FDA Bottled drinking water for aluminum 0.2 mg/L

EPA Environmental Protection Agency, FDA US Food and Drug Administration
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