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ABSTRACT

Introduction: Absorption of levothyroxine (LT4), is affected by medications and food. The 
intake of Ilex Paraguariensis (IP) as an infusion with hot water (Mate) or with cold water (Terere) 
is popular in the southern Cone of Latin America. Objective: To compare LT4 absorption with 
IP versus plain water. Methods and Materials: A pharmacokinetic study was conducted in 
healthy euthyroid volunteers. 1000 ug LT4 was administered with mate, plain water and terere 
respectively. Serial dosages of serum total thyroxine (TT4) were performed, mean maximum 
plasma concentrations of TT4 (Cmax), mean time to reach Cmax (Tmax), thyroid-stimulating 
hormone (TSH) variation in 24 hours (Δ TSH) and estimated percentage of LT4 absorption 
(%Abs) were compared. The protocol was approved by the Ethics Committee. Results: Twenty 
volunteers completed the study. Differences in Cmax, Tmax and %Abs when comparing LT4 and 
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Introduction
Intestinal absorption of levothyroxine 
(LT4), a synthetic hormone indicated for 
hypothyroidism, is affected by medications and 
foods (1–9). Mate and tereré are traditional 
ways of consuming Ilex paraguariensis (IP) 
as hot and cold infusions, respectively, widely 
consumed in Paraguay and other Southern 
Cone regions (10–13). No studies evaluating 
LT4 absorption with IP were identified in the 
reviewed literature.

The objective of this study was to assess 
whether IP infusions reduce LT4 bioavailability 

using a pharmacokinetic model comparing LT4 
absorption with mate/tereré versus plain water 
in healthy euthyroid adult volunteers.

Materials and Methods
Study Design and Participants

This was a randomized, pharmacokinetic, 
controlled, crossover, open-label clinical trial 
in which twenty (20) healthy volunteers were 
randomly selected by order of enrollment 
to participate from January to June 2022. 
The main inclusion criteria were being over 
18 years of age and having signed informed 

R E S U M E N

Introducción: La absorción de levotiroxina (LT4) se ve afectada por medicamentos y alimentos. 
El consumo de Ilex paraguariensis (IP) como infusión con agua caliente (mate) o con agua fría 
(tereré) es popular en el Cono Sur. Objetivo: Comparar la absorción de LT4 con IP frente 
a agua simple. Materiales y Métodos: Se realizó un estudio farmacocinético en voluntarios 
eutiroideos sanos. Se administraron 1000 µg de LT4 con mate, agua y tereré respectivamente. 
Se realizaron dosificaciones seriadas de tiroxina total en sangre (TT4), se compararon las 
concentraciones plasmáticas máximas medias de TT4 (Cmax), tiempo medio para alcanzar la 
Cmax (Tmax), variación de la hormona estimulante de la tiroides (TSH) en 24 horas (Δ TSH) 
y porcentaje estimado de absorción de LT4 (%Abs). El protocolo fue aprobado por Comité 
de Ética. Resultados: Veinte voluntarios completaron el estudio. Las diferencias en Cmax, 
Tmax y %Abs de LT4 y agua frente a LT4 y mate fueron estadísticamente significativas (Cmax: 
17,38µg/dl vs 14,95µg/dl, p=0,02; Tmax: 3hs vs 4,2hs, p=0,03; y %Abs 104,83% vs 76,42%, 
p=0,05). No hubo diferencias estadísticamente significativas al comparar LT4 y agua frente a 
LT4 y tereré (Cmax: 16,36µg/dl, p=0,29; Tmax: 4hs, p=0,09; y %Abs 90,76%, p=0,15). En cuanto 
a ΔTSH, LT4 y agua resultaron en 1,1uUI/ml versus LT4 y mate 1,09uUI/ml (p= 0,96) o LT4 
y tereré 1,35uUI/ml (p= 0,31), sin diferencias estadísticamente significativas. Conclusiones: 
La absorción de LT4 fue menor cuando la administración fue con mate y no con tereré, en 
comparación con agua.

Palabras clave: levotiroxina, Ilex paraguariensis, yerba mate, terere, absorción.

plain water versus LT4 and mate, were statistically significant (Cmax: 17.38ug/dl vs 14.95ug/
dl, p=0.02; Tmax: 3hs vs 4.2hs, p=0.03; and %Abs 104.83% vs 76.42%, p=0.05). There were 
no statistical differences when comparing LT4 and plain water versus LT4 and tereré (Cmax: 
16.36ug/dl, p=0.29; Tmax: 4hs, p=0.09; and %Abs 90.76%, p=0.15). Regarding ΔTSH, LT4 and 
plain water resulted in 1.1uIU/ml versus LT4 and matte 1.09uIU/ml (p= 0.96) or LT4 and terere 
1.35uIU/ml (p= 0.31), without statistically significant differences. Conclusions: The absorption 
of LT4 was lower when the administration was with mate and not with terere, compared with 
plain water.

Keywords: levothyroxine, ilex paraguariensis, yerba mate, terere, absorption.



Figure 1. Evaluación de la absorción de levotiroxina con el consumo 
de mate y tereré en voluntarios eutiroideos. n = muestra; LT4 = 
levotiroxina; T4T = tiroxina total; t = tiempo; IP = preparación de la 
infusión; T° = temperatura en Celsius; µg = microgramo; gr = gramo; 

ml = mililitro.
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consent. All volunteers underwent an initial 
evaluation (clinical, laboratory, and imaging 
assessments) and were determined to be 
healthy euthyroid individuals not taking any 
medication and without thyroid disease history. 
The main exclusion criteria were pregnancy or 
breastfeeding; allergy to levothyroxine; and 
lactose intolerance. Subjects were excluded 
if a urine pregnancy test was positive or 
indeterminate, or if a serum thyrotropin (TSH) 
test was abnormal.

Interventions

A single 1000 µg dose of LT4 (Synthroid®, 

Abbott Laboratories) was administered with 
plain water, mate (500 mL, 80–85 °C), and 
tereré (500 mL, 2–5 °C), with a three-week 
washout period between administrations 
(Figure 1). All participants followed a 
standardized diet supervised by a certified 
nutritionist throughout each study day. Organic 
yerba mate (Ilex paraguariensis), 100% 
organic (Itabo®, Agroindustrial Chololó), from 
the same production batch and without any 
added compounds, was used.

Assessments

After venous catheterization, serial blood 
samples for total thyroxine (TT4) were 
collected at -10 minutes, 0 hours (hs), 1, 2, 3, 
4, 6, and 24 hours, comparing mean hourly 
TT4 concentrations, mean peak plasma TT4 
concentrations (Cmax), time to Cmax (Tmax), 
thyroid-stimulating hormone (TSH) variation 

(ΔTSH), and estimated percentage of TT4 
absorption (%Abs) which was calculated by 
multiplying the maximum increase in TT4 
(ΔTT4max) by the volume of distribution (Vd). 
The volume of distribution is correlated with 
body mass index (BMI) using the following 
equation: Vd = 0.442 x BMI.
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Figure 2. Participant flowchart according to CONSORT.
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Statistics

Sample size was determined to ensure 
sufficient power to detect a clinically relevant 
difference in the estimated percentage of 
LT4 absorption (%Abs) between the groups 
consuming LT4 with plain water and those 
consuming it with mate or tereré. Based on 
preliminary pilot studies and a review of the 
existing literature, we anticipated a minimum 
detectable difference in %Abs of 15% between 
treatments, with an expected standard 
deviation of 20%. Assuming a significance 
level (α) of 0.05 and aiming for a power (1-β) of 
80%, the required sample size was calculated 
using the formula for comparing means in 
two independent samples. Blood TSH and 
TT4 measurements were performed using 
electrochemiluminescence immunoassay. All 
Synthroid® tablets used for the study were 
from the same manufacturing lot. Area under 
the curve (AUC) values were constructed for 
serum TT4 concentrations versus time.

Before comparing the treatment effects on 
serum TT4 concentrations, we assessed the 
homogeneity of variances between groups 
using Levene's test. The results indicated that 
variances were homogeneous between groups 
(p > 0.05), allowing the use of paired t-tests for 
statistical comparisons. For each participant, 
differences in pharmacokinetic parameters 
were compared between mate and tereré 
versus tap water. We used paired t-tests to 
assess the mean differences in Cmax, Tmax, 
%Abs, and ΔTSH associated with mate or 
tereré intake versus tap water, and p-values 
<0.05 were considered statistically significant.

Results
Forty two volunteers enrolled and were screened 
according to the inclusion and exclusion 
criteria. Twenty volunteers were ultimately 
included, randomly selected according to the 
order of enrollment. All selected participants 
completed the trial (Figure 2). The mean age 

of these participants was 27.8 ± 0.71 years, 
with 15 women and 5 men, and an average 
BMI of 24.12 ± 1.99 kg/m². The Cmax with 
LT4 and tap water compared to LT4 and mate 
was 17.38 ± 2.75 µg/dl and 14.95 ± 2.64 µg/dl, 
respectively (p=0.02), while with LT4 and plain 
water compared to LT4 and tereré it was 16.36 
± 2.46 µg/dl (p=0.29) (Figure 3).
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Figure 3. CPeak concentrations (Cmax) and time to reach Cmax (Tmax) of total blood 
thyroxine (TT4) and percentage of levothyroxine (LT4) absorption (%Abs) in volunteer subjects, 
FCM UNA-2022. A- Mean peak plasma concentrations of TT4 (Cmax). The difference was 
statistically significant for mate compared to plain water, but not for tereré compared to plain 
water. B- Mean time to reach Cmax of TT4 (Tmax). The difference was statistically significant 
for mate compared to plain water, but not for tereré compared to plain water. C- Mean 
estimated percentage of LT4 absorption (%Abs). The difference was statistically significant for 

mate compared to plain water, but not for tereré compared to plain water

Figure 4. Serum TSH concentration before and after 24 hours of LT4 administration in volunteer 
subjects, HCSL-2022. There were no statistically significant differences with any of the Ilex 
paraguariensis infusions compared to plain water. TSH = thyroid-stimulating hormone; LT4 = 

levothyroxine
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Figure 5. Total blood thyroxine absorption (TT4) after ingestion of 1000 µg of oral 
levothyroxine (LT4) with mate, tereré and plain water.
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The Tmax with LT4 and tap water versus LT4 
and mate was 3 ± 1.52 h and 4.2 ± 1.58 h 
respectively (p=0.03) and compared with LT4 
and tereré it was 4 ± 1.56 h (p=0.09). The 
%Abs with LT4 and tap water was 104.83% ± 
27.98% compared with LT4 and mate 76.42% 
± 22.18% (p=0.05) and LT4 and tereré 90.76% 
± 23.72% (p=0.15). The differences were 
statistically significant for Cmax, Tmax and 
%Abs when comparing LT4 and running water 
versus LT4 and mate, however, there were 
no statistically significant differences in these 

3 variables when comparing LT4 and water 
versus LT4 and tereré (Figure 4).

Regarding ΔTSH, when comparing the value 
achieved with running water it was 1.1 ± 0.45 
uIU/ml, mate 1.09 ± 0.40 uIU/ml (p=0.96), 
tereré 1.35 ± 0.92 uIU/ml (p=0.31), there were 
no statistically significant differences when 
comparing LT4 and water versus LT4 and 
mate and LT4 and running water versus LT4 
and tereré (Figure 5).

Discusion
This paired experimental clinical trial observed 
significant differences in sodium LT4 absorption 
depending on the IP infusion used to administer 
the drug, with lower absorption occurring with 
mate but not with tereré compared to plain 
water. Several factors, including age, weight, 
patient adherence to treatment, medications 
such as calcium (14-15), proton pump inhibitors 
(3,16), ferrous sulfate (17), foods such as 
coffee (5,18), milk (4), grapefruit juice (19), as 
well as chronic pathologies and malabsorptive 
diseases, gut microbiota, and pregnancy, 
have been associated with decreased LT4 
absorption (20-23).

Benegas et al., in 1995, observed the lack of 
decrease in TSH in patients who consumed LT4 

close to breakfast and by separating breakfast 
one hour from the drug they corroborated the 
improvement in the therapeutic objectives, 
coinciding with the observations of Wenzel, in 
1977 (24).

In 1993, a trial determined that the consumption 
of various fiber supplements (oat bran, soy fiber, 
and psyllium husk) reduced the bioavailability 
of LT4 in 13 patients with hypothyroidism, 
explaining the decrease in drug absorption 
through an adsorption mechanism. However, 
Chiu and Sherman evaluated the influence 
of administering 3.4 grams of psyllium husk 
on the absorption of 600 µg of levothyroxine 
and, after verifying that the amount of drug 
absorbed, determined during the 6 hours 
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following ingestion, decreased by only 9%, 
concluded that this fiber does not cause 
malabsorption of levothyroxine (25). It can be 
deduced that drug absorption depends not 
only on fasting but also on other factors in the 
intestinal lumen. LT4 is poorly soluble in water 
and its uptake depends on transmembrane 
transporters, of which OATP-A and OATP-E 
have been reported to be expressed in the 
intestinal wall, which could be involved in the 
absorption of LT4 (26-27).

In the present study, a statistically significant 
decrease in the absorption of LT4 administered 
with mate was observed compared to 
administration with tap water. However, this 
phenomenon was not replicated when LT4 
was administered with tereré. Whether this is 
due to the activation of absorption-inhibiting 
compounds by the increased temperature 
of the infusion or is an effect of temperature 
"per se" is a question that warrants further 
investigation.

The xanthines found in IP include theophylline 
(1,3-dimethylxanthine), theobromine (3,7-di-
methylxanthine), and caffeine (1,3,7-trime-
thylxanthine). The latter is present in higher 
concentrations, from 1% to 2% of the dry wei-
ght, followed by theobromine, at 0.3% to 0.9% 
of the dry weight. The caffeine concentration in 
a hot infusion of IP is approximately 78 mg of 
caffeine in one cup of tea (approximately 150 
ml). Compared to coffee, this is a very similar 
amount of caffeine consumption, approximate-
ly 85 mg per cup. However, the typical volume 
of mate consumed prepared using the traditio-
nal method can be around 1000 ml, resulting in 
520 mg or more of total caffeine (28). A study 
published in 2021 at the 6th meeting of resear-
chers of the Scientific Society of Paraguay 
analyzed several domestically produced infu-
sions of ibuprofen (IP) at different temperatu-
res and found a higher concentration of certain 
trace elements when the infusion was consu-
med as mate compared to tereré (iron 1.98 ± 
0.14 mg/100g of IP vs 0.12 ± 0.03 mg/100g of 
IP; manganese 2.31 ± 0.6 mg/100g of IP vs 
1.77 ± 0.8 mg/100g of IP; potassium 93.5 ± 

10.8 mg/100g of IP vs 64.6 ± 24.4 mg/100g of 
IP; sodium 1.52 ± 1.12 mg/100g of IP vs 0.87 ± 
0.37 mg/100g of IP) (29). These differences in 
composition in the infusion forms would initia-
lly answer the questions raised in the previous 
paragraph.

Another factor observed in the present study 
is the variation in the rate of infusion ingestion. 
When mate was administered, the average 
consumption of 500 ml took approximately 30 
to 40 minutes, whereas for tereré, this time 
decreased to between 15 and 20 minutes. 
This variability could account for the change in 
absorption, coinciding with the other measured 
variables.

Among the strengths of the study, one could cite 
the standardization of the diet for all participants 
under the direction of a certified nutritionist, to 
avoid variations related to differences in intake 
during the measurement period, and the use of 
organic yerba mate without additives that could 
alter the interpretation of the data, considering 
that there is a variety of commercially available 
yerba mate with different added contents such 
as flavorings.

Limitations of the study include the small 
sample size and the inclusion of healthy 
subjects; therefore, the findings cannot 
be strictly extrapolated to patients with 
hypothyroidism and other comorbidities. 
However, it is presumable that these results 
could be reproduced, potentially to an even 
greater extent, in the population with the 
pathology.

Based on these findings, it is suggested 
that research continue and be extrapolated 
to prospective studies in patients with 
hypothyroidism, in order to provide 
recommendations on IP infusions for the 
population consuming LT4. However, careful 
monitoring of subjects taking mate and 
concomitant levothyroxine could be considered 
to detect changes in thyroid function tests. If 
such a change occurs, it would be advisable 
to separate the infusion and the levothyroxine 
(30-32).
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Based on our findings, a reasonable approach 
would be to carefully monitor subjects 
consuming mate concomitantly with LT4 to 
detect fluctuations in thyrotropin levels, and 
even to advise separating the ingestion of these 
infusions from levothyroxine administration, in 
the same manner as recommended for other 
previously studied products.

The habit of consuming Ilex paraguariensis 
(IP) in the form of infusions specifically tereré 
and mate in Paraguay, and mate particularly 
in Argentina, Uruguay, and Brazil is part of 
the ancestral culture of the countries in the 
region and is a widespread practice across 
populations of all socioeconomic levels. 
Given that hypothyroidism is a very common 
endocrinological disorder, our data are of 
public health interest with a view toward 
optimizing treatment for patients affected by 
this condition.

In conclusion, in this clinical trial of healthy 
volunteers, it was found that LT4 absorption was 
lower when administered with mate, whereas 
this was not the case when administered with 
tereré, compared to administration with plain 
water. Therefore, these data are of interest for 
optimizing hypothyroidism treatment in regions 
of the world where this custom prevails.

Ethical Considerations

The principles of autonomy and justice were 
respected; during the selection of the study 
population, no discrimination of any kind was 
exercised. During the trial, participants were 
free to withdraw from the study at any time upon 
request. The principle of non-maleficence was 
adhered to; all selected participants entered 
the protocol following an exhaustive clinical 
assessment. The LT4 doses used in the trial 
were well below the toxic doses described in the 
literature. Toxicity has not been observed with 
doses lower than 5 mg; reaching the toxicity 
threshold would require ingesting between 30 
and 40 times the daily dose (30,31,32).

Study and consent procedures were evaluated 
and approved by the Ethics Committee of the 
Faculty of Medical Sciences of the National 

University of Asunción. Subjects provided 
written informed consent prior to entering the 
study.

Records of the studies conducted during the 
trial were entered into the Health Information 
System (HIS) of the Hospital de Clínicas, 
affiliated with the Faculty of Medical Sciences 
of the National University of Asunción.
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