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Background: Levothyroxine (LT4) absorption is affected by concomitant ingestion of certain minerals, med-
ications, and foods. It has been hypothesized that metformin may suppress serum thyrotropin (TSH) concen-
trations by enhancing LT4 absorption or by directly affecting the hypothalamic–pituitary axis. This study
examined the effect of metformin ingestion on LT4 absorption, as assessed by serum total thyroxine (TT4)
concentrations.
Methods: A modified Food and Drug Administration LT4 bioequivalence protocol was applied to healthy,
metformin-naı̈ve, euthyroid adult volunteers. Following an overnight fast, 600 lg LT4 was administered orally.
Serum TT4 concentrations were measured at baseline and at 0.5, 1, 1.5, 2, 4, and 6 h following LT4 admin-
istration. Measurements were performed before and after one week of metformin ingestion (850 mg three times
daily). Peak serum TT4 concentrations, time to peak TT4 concentrations, and area under the concentration-time
curve (AUC) were calculated.
Results: Twenty-six subjects (54% men, 27% white, age 33 – 10 years) were studied. There were no significant
differences in peak serum TT4 concentrations ( p = 0.13) and time to peak TT4 concentrations ( p = 0.19) before
and after one week of metformin use. A trend toward reduced TT4 AUC was observed after metformin
ingestion (pre-metformin 3893 – 568 lg/dL-min, post-metformin 3765 – 588 lg/dL-min, p = 0.09).
Conclusions: LT4 absorption is unchanged by concomitant metformin ingestion. Mechanisms other than
increased LT4 absorption may be responsible for the suppressed TSH concentrations observed in patients
ingesting both drugs.

Introduction

Appropriate levothyroxine (LT4) dosing is essential
in hypothyroid patients to maintain biochemical and

clinical euthyroidism. Achieving appropriate doses of LT4
can be complicated by numerous disease states, foods, sup-
plements, and medications that potentially interfere with in-
testinal LT4 absorption (1–3). Hypothyroid patients treated
with LT4 must be careful to avoid concomitant ingestion of
substances such as coffee, fiber, calcium carbonate, ferrous
sulfate, bile acid sequestrants, and raloxifene, all of which
reduce absorption of LT4 (1–3). Vitamin C has also been
reported to increase LT4 absorption in patients with gastritis,
presumably due to alteration of gastric pH (4).

Hypothyroidism and type 2 diabetes mellitus (T2DM) are
both common diseases that often coexist in the same patient
(5). In 2014, 9.3% of Americans were estimated to have di-

abetes, of whom 95% had T2DM (6). In accordance with
guidelines published by the American Diabetes Association
and the European Association for the Study of Diabetes, the
majority of T2DM patients initiating antihyperglycemic
medication in the United States and Europe were prescribed
metformin as first-line therapy (7,8). The National Health and
Nutrition Examination Survey (1988–1994) has estimated
that 4.6% of Americans have hypothyroidism or subclinical
hypothyroidism (9). Furthermore, the incidence of hypothy-
roidism is also thought to be higher among T2DM patients
than in the general population (10). Levothyroxine and
metformin are the second and sixth most commonly pre-
scribed drugs in the United States, being taken by 6.7% and
4.3% of adults in 2014, respectively (11).

The potential interaction of metformin with LT4 absorption
and the hypothalamic–pituitary–thyroid axis merits examina-
tion, since these medications are frequently co-prescribed.
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Several studies have suggested that metformin lowers serum
thyrotropin (TSH) levels in both previously hypothyroid and
euthyroid patients (12–19), though the underlying mechanism
of this phenomenon is unknown. The FDA classifies LT4 as a
drug with a narrow therapeutic range (20), making it important
to determine the impact of metformin on LT4 absorption to
ensure proper dosing for patients taking both drugs. The aim of
the present study was to investigate the effect of metformin on
intestinal LT4 absorption in healthy, euthyroid, nondiabetic
individuals.

Materials and Methods

A prospective study was performed based on a previously
described protocol for testing the pharmacokinetics and
bioavailability of LT4 (20,21). The study was approved by
the UCLA Institutional Review Board.

Subjects and screening

Thirty-eight healthy subjects were screened and provided
informed consent to participate from July to October 2014 at
the UCLA Clinical and Translational Research Center. In-
clusion criteria were age between 18 and 50 years and ability
to read and understand English. Exclusion criteria were:
history of LT4 or metformin use within three months; history
of amiodarone use within two years; history of thyroid dys-
function, renal impairment, cardiac or circulatory conditions,
liver dysfunction, seizures, hypoglycemia, or excessive al-
cohol consumption; current pregnancy or breastfeeding; oral
contraceptive use within three months; history of iodinated
contrast media within three months; anticipated surgery re-
quiring sedation or general anesthesia; and use of any of the
following medications within three months (due to potential
interactions with metformin): androgens, bile acids seques-
trants, kayexalate, raloxifene, sucralfate, amiloride, digoxin,
morphine, procainamide, quinidine, quinine, ranitidine,
triamterene, trimethoprim, vancomycin, diuretics, cortico-
steroids, phenothiazines, phenytoin, nicotinic acid, sympa-
thomimetics, calcium channel blocking drugs, isoniazid, and
furosemide.

Consented subjects were screened with a urine pregnancy
test (for female subjects) and serum TSH, aspartate amino-
transferase (AST), alanine transaminase (ALT), and creatinine
concentrations. Subjects were excluded if a urine pregnancy
test was positive or indeterminate, or if blood tests were out-
side of the following reference ranges: TSH 0.3–4.7 mIU/L;
AST <72 IU/L; ALT <90 IU/L; creatinine 0.5–1.3 mg/dL. A
questionnaire was administered to determine each subject’s
sex, age, and race/ethnicity.

Experimental protocol

Following screening, 32 subjects (six excluded for ab-
normal screening laboratory tests or pregnancy) remained
eligible for LT4 absorption testing before and after one week
of metformin use. For each of the two absorption protocols,
subjects were administered 600 lg LT4 orally (3 · 200 lg
Synthroid tablets) following an overnight fast of at least 8 h.
Blood samples were drawn prior to LT4 administration and
0.5, 1, 1.5, 2, 4, and 6 h following LT4 administration.

Following the initial LT4 absorption test, subjects were
given metformin 850 mg TID (to approximate the maximum

well-tolerated dose) for one week. Subjects received a total of
20 doses, beginning on the evening of the initial LT4 ab-
sorption test and ending on the morning of the second LT4
absorption test. Subjects were required to follow up daily by
telephone to verify compliance and report any adverse effects
of metformin use or of the first LT4 dose. Subjects were
excluded if they reported compliance with <75% of the
prescribed metformin doses.

Laboratory assays

Sera were stored at -80�C until measurement. Laboratory
measurements of serum total thyroxine (TT4) concentrations
were performed at the Boston University Iodine, Perchlorate,
and Thyroid Function Test Research Laboratory by enzyme-
linked immunosorbent assay (ELISA) (Calbiotech, Inc.,
Spring Valley, CA); reference ranges for the TT4 assays are:
4.4–10.8 lg/dL (males) and 4.8–11.6 lg/dL (females). The
interassay coefficient of variability for this method in this lab
is 4.2–7.3%. TT4 tests from all serum samples from each
subject were measured in duplicate in the same assay.

Statistical analyses

Categorical data are presented as frequencies (%), and
continuous data are presented as mean – standard deviation
(SD) or median (interquartile range [IQR]). Areas under the
drug concentration-time curve were determined using the
trapezoidal method. Peak concentrations and peak times were
derived from measured values. Statistical comparisons of
these pharmacokinetic parameters pre- and post-metformin
administration were made using a paired t-test or Wilcoxon’s
signed rank test. Analyses were carried out in SAS v9.2 (SAS
Institute, Inc., Cary, NC).

Estimated using the sample, the SD of the peak T4 dif-
ference between the two treatment conditions (LT4 alone vs.
LT4 + metformin) is 1.29 lg/dL. The sample size of 26 sub-
jects gives a power of 80.0% to detect a 0.77 lg/dL difference
with an estimated SD of 1.29 using a two-sided paired t-test at
the significance level 0.05.

Results

Twenty-six subjects (54% men, 27% white, age 33 – 10
years) completed both LT4 absorption tests before and after
one week of metformin administration (one subject was ex-
cluded due to gastrointestinal discomfort from metformin use
and five were lost to follow-up). The subjects’ demographic
characteristics are shown in Table 1.

Table 1. Demographic Characteristics

of the Study Population (N = 26)

N %

Sex Female 12 46.2%
Male 14 53.9%

Race/ethnicity White 7 26.9%
Hispanic 2 7.7%
Black 8 30.8%
Asian 2 7.7%
Other 6 23.1%

Age (years), mean – SD 33 – 10
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Overall, the subjects took 502/520 (96.5%) doses of met-
formin, an average of 19/20 doses per person. Serum TT4
concentrations were measured for each subject at baseline
and up to 6 h following LT4 administration. There was no
significant difference in the median time-to-peak TT4 con-
centrations (4 h [4, 4]; p = 0.19), or in the mean peak TT4
concentration before (12.03 – 2.03 lg/dL) and following
(11.63 – 1.92 lg/dL) metformin administration ( p = 0.13)
(Table 2). The mean area under the TT4-time curve (AUC)
before metformin administration was 3893.19 – 567.58 lg/
dL-min, which was marginally, but not significantly, higher
than the AUC (3765.45 – 588.04 lg/dL-min) following met-
formin administration ( p = 0.09).

Figure 1 demonstrates the mean serum TT4 concentrations
before and following one week of metformin administration
after subjects ingested a fasting load of LT4.

Discussion

No significant alteration was identified in the characteris-
tics of LT4 absorption before and after one week of metfor-
min administration in healthy, nondiabetic, euthyroid
subjects. While previous studies and case reports have ex-
amined the association of metformin use and alterations of
the hypothalamic–pituitary–thyroid axis, this is the first
prospective pharmacokinetic study that specifically mea-
sured the effect of metformin on intestinal LT4 absorption.
The results suggest that metformin does not suppress serum
TSH concentrations by increasing LT4 absorption, and in-
stead, a trend toward decreased LT4 absorption was observed
post-metformin.

The findings are consistent with the existing literature
concerning the relationship between metformin and TSH.
Vigersky et al. reported that initiation of metformin ther-
apy in four hypothyroid patients was associated with
serum TSH suppression without affecting levels of free T4
or free triiodothyronine (T3), and without causing symp-
toms of hyperthyroidism (19). In another study, hypothy-
roid T2DM patients on LT4 replacement therapy and
subclinically hypothyroid T2DM patients not on LT4 ex-
hibited a reduction in serum TSH levels after 12 months of
metformin therapy. However, serum TSH was unchanged
in euthyroid diabetic patients taking metformin (14). A
larger retrospective follow-up study found that metformin
lowered serum TSH levels in all diabetic patients on LT4
supplementation, but only in those euthyroid diabetic pa-
tients with a baseline TSH between 2.51 and 4.5 mIU/L
(13). In a prospective study of eight hypothyroid post-
menopausal women, the reduction of serum TSH levels
associated with metformin use was reversed following
metformin withdrawal (15). A TSH lowering effect has
also been reported in patients with polycystic ovary syn-
drome treated with metformin (17,18). None of the above
studies detected any significant change in free T4 or T3
levels with metformin therapy (13–19).

Metformin may influence TSH levels via several potential
mechanisms. Given that metformin has been shown to cross
the blood–brain barrier, it is possible that it exerts a central
effect on the hypothalamus, suppressing TSH via an inhibi-
tory effect on thyrotropin-releasing hormone (TRH) (22).
Metformin has been shown to increase AMP-activated pro-
tein kinase (AMPK) activity in rat hepatocytes and skeletal

FIG. 1. Serum total thyroxine concentra-
tions pre- and post-metformin administra-
tion (mean – standard error).

Table 2. Mean – SD Peak Serum T4 Concentrations, Median [IQR] Time-to-Peak T4,
and Mean AUC – SD Pre- and Post-Metformin Administration

Pre-metformin Post-metformin Difference (post – pre) p-Value

Mean Peak T4 – SD (lg/dL) 12.03 – 2.03 11.63 – 1.92 -0.4 (3.33%) 0.13
Median Time-to-Peak T4 [IQR] (H) 4 [4, 4] 4 [2, 4] 0 (0%) 0.19
Mean AUC – SD (lg/dL-min) 3893.19 – 567.58 3765.45 – 588.04 -127.74 (3.28%) 0.09

SD, standard deviation; T4, thyroxine; IQR, interquartile range; AUC, area under the curve.
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muscle, while inhibiting AMPK in rat hypothalamic neurons
(23–26). Interestingly, the TRH promoter contains a cAMP
response element (CRE) binding site that negatively regu-
lates TRH transcription in the presence of a transcription
complex, including the CRE binding protein (CREB) (27).
CREB-knockout mice have elevated TRH mRNA in the
paraventricular nucleus of the hypothalamus, despite having
normal TSH levels due to redundant regulatory pathways
(28). Additionally, the hypothalamic CREB co-activator
CREB-regulated transcription co-activator 2 (CRTC2) is
phosphorylated and thereby inhibited by AMPK in response
to low glucose levels (29). Metformin’s hypothalamic inhi-
bition of AMPK (26) may lead to increased CREB-CRTC2
binding to CRE binding sites, decreasing both hypothalamic
TRH and pituitary TSH secretion.

Another possible mechanism by which metformin may
lower TSH at the level of the hypothalamus is by increasing
the hypothalamic dopaminergic tone, as dopamine is known
to inhibit secretion of TSH by the pituitary (30). Metformin
has been shown to increase the hypothalamic dopaminergic
tone in women with polycystic ovary syndrome (31). Finally,
in addition to the possibility of a central effect, metformin
may lower TSH by directly affecting thyroxine receptors,
enhancing thyroxine bioavailability, or even by factitiously
affecting the TSH assay (12).

Limitations of this study include the testing of LT4 ab-
sorption among healthy, nondiabetic, euthyroid individuals
in whom metformin and LT4 are not routinely prescribed,
potentially limiting the applicability of the findings to other
patient populations. In addition, since the study design did
not include a washout period, and TSH was not measured at
baseline for either absorption test (due to the suppressive
dose of LT4 administered), it is possible that residual TSH
suppression from the supraphysiologic LT4 dose used in the
first absorption study influenced T4 clearance during the
second absorption study. However, baseline mean serum TT4
levels were similar in both of the LT4 absorption tests before
and after metformin use. Finally, this study did not collect
data to correlate metformin use with serum glucose, TT3, or
TSH concentrations.

Consistent with the results of previous studies that re-
port trends in altered serum thyroid function tests in in-
dividuals not taking LT4 therapy, this study provides
strong evidence against an absorption-mediated effect
of metformin as the mechanism responsible for altered
TSH levels. Further research is needed to elucidate the
exact mechanism by which metformin suppresses serum
TSH concentrations in both hypothyroid and euthyroid
individuals.
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B 2010 Quantification of metformin by the HPLC method in
brain regions, cerebrospinal fluid and plasma of rats treated
with lipopolysaccharide. Pharmacol Rep 62:956–965.

23. El-Mir M-Y, Nogueira V, Fontaine E, Avéret N, Rigoulet
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