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Abstract

Background—Consumption of maté, an infusion of the herb Ilex paraguariensis (yerba maté), is 

associated with increased risk of esophageal squamous cell carcinoma (ESCC), but the 

carcinogenic mechanism is unclear. Commercial brands of yerba maté contain high levels of 

carcinogenic polycyclic aromatic hydrocarbons (PAHs), which are acquired during the traditional 

drying process. The purpose of this study was to characterize exposure to PAHs in maté drinkers 

over a wide range of maté consumption.

Methods—We recruited 244 adults who answered a questionnaire and collected a fasting spot 

urine specimen. We quantified urinary concentrations of seven PAH metabolites, and assessed 

associations between self-reported recent maté consumption and urinary PAH metabolites by 

multivariate regression.

Results—Recent maté consumption showed a significant dose-response association with 6 of 7 

PAH metabolites in unadjusted models (p-for-trend <0.05). After adjustment for creatinine and 

potential confounders, concentrations of 2-naphthol, 1-hydroxyphenanthrene, and the sum of 2- 

and 3-hydroxyphenanthrene remained significantly associated with recent maté intake. The sum of 
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the urinary concentrations of the phenanthrene metabolites was similar or higher among maté 
drinkers who did not smoke than among smokers who did not drink maté.

Conclusions—Urinary concentrations of PAH metabolites were significantly associated with 

self-reported amount of recent maté intake, and drinking maté increased urinary concentrations of 

some PAH metabolites as much as smoking cigarettes.

Impact—Drinking maté is a source of exposure to potentially carcinogenic PAHs, consistent with 

the hypothesis that the PAH content of maté may contribute to the increased risk of ESCC in maté 
drinkers.

Keywords

Maté; Yerba maté; Ilex paraguariensis; polycyclic aromatic hydrocarbons; pyrene

INTRODUCTION

Esophageal cancer is a highly lethal disease, and was the sixth most common cause of 

cancer death in the world in 2012(1). Esophageal Squamous Cell Carcinoma (ESCC) is the 

most common histologic type of esophageal cancer worldwide, and it is by far the dominant 

type in low- and middle-income countries(2). This is also the case in southern Brazil 

(including Rio Grande do Sul state), Paraguay, Uruguay and Argentina, where the habit of 

drinking hot maté has been implicated in the high incidence of this cancer(3,4).

Maté is an aqueous infusion of the herb Ilex paraguayensis (also known as yerba maté) that 

is prepared in a gourd and is drunk hot through a metal straw, which delivers the liquid 

directly to oropharynx and esophagus. Maté is consumed in Rio Grande do Sul at 

temperatures that range between 63 and 69.5°C (5,6), and multiple studies have reported a 

positive association between amounts of maté intake and risk of ESCC (4,7–14).

The International Agency for Research on Cancer (IARC) has classified maté as "probably 

carcinogenic to humans" (group 2A) due to the consumption temperature(13). Furthermore, 

the infusion of Ilex paraguariensis, either hot or cold, has a high content of polycyclic 

aromatic hydrocarbons (PAHs)(15–19). PAHs, a product of burning organic material, are 

classified by IARC as a group 1 carcinogen, i.e. carcinogenic to humans(20). Thus the high 

PAH content of maté, in addition to the hot temperature at which maté is consumed, may 

play a role in the risk of developing ESCC. There is also an association between maté 
consumption and PAH-associated cancers at other sites, such as the kidney, bladder, lung, 

and prostate, which have no exposure to thermal injury (21–23).

The traditional processing of yerba maté adds relatively high levels of PAHs to the final 

product (16–19). This process includes two drying steps: the first called “sapeco” is a rapid 

drying step where the leaves are exposed directly to fire or very high temperatures (400 – 

750°C) to reduce moisture and stop degradation. In the second drying stage, the leaves are 

placed in rotating cylinders heated by burning wood and exposed to lower temperatures (90 

– 350°C) for 8 to 24 hours. Both steps increase the PAH content of the yerba maté(19). The 

avoidance of smoke exposure during those steps decreases the PAH content(18).
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The aim of this study was to evaluate potential associations between amounts of maté 
consumption and exposure to PAHs (as measured by the urinary concentrations of PAH 

metabolites) among smokers and non-smokers in Rio Grande do Sul, Brazil, a high risk area 

for ESCC.

MATERIALS AND METHODS

Participants

This was a cross-sectional study with a convenience sample of participants recruited from 

patients from gastrointestinal disease clinics at two sites, Hospital de Clinicas de Porto 

Alegre and Hospital Universitario de Santa Maria. We conducted the research following the 

Helsinki recommendations for medical research involving human subjects. The Institutional 

Review Boards of both institutions approved the protocol, and all participants signed a 

written informed consent. The analysis of blinded specimens by the Centers for Disease 

Control and Prevention (CDC) laboratory and the participation of National Cancer Institute 

(NCI) and CDC staff in analyzing the blinded data were determined not to constitute 

engagement in human subjects' research.

We prospectively approached individuals between 30 and 70 years of age who were 

scheduled for upper GI endoscopy and had no previous history of any cancer (except for 

non-melanoma skin cancer). We aimed to enroll 250 subjects, equally divided among men 

and women, current smokers and nonsmokers, and five levels of maté consumption: none; 1 

to 500 mL/day; 501 to 1000 mL/day; 1001 to 2000 mL/day and more than 2000 mL/day. In 

each level of maté consumption, we planned to recruit 25 men (half current smokers) and 25 

women (half current smokers). We interviewed the patients using a standard questionnaire 

and collected one fasting spot urine sample.

Questionnaire

All individuals were interviewed face-to-face using a standard questionnaire, which was 

administered by one of five trained interviewers. The inquiry included: 1) basic demographic 

variables; 2) information on maté drinking (frequency of ingestion, self-reported typical 

amount in mL/day, amount ingested within the previous three days); 3) tobacco smoking 

habits (current or past smoking, number of cigarettes/day, duration of smoking, and time 

since quitting); 4) environmental exposure to smoke and passive smoke exposure (frequency 

and location – at work or home; the work or home environments were considered smoky if 

the answer to the questions “do you find your work smoky?” or “do you find your home 

smoky?” were “yes”); 5) barbecue eating and cooking habits (frequency of eating barbecue, 

grams of meat/meal, frequency of making barbecue, and the fuel used to grill); and 6) 

alcohol consumption (kind of beverage, average amount in mL/week). Individuals were 

considered maté drinkers or smokers if they were regularly engaged in these habits within 

the last year. To improve the accuracy of maté consumption, we showed photographs of 

different sizes of gourds to the participants and asked them to choose which one they 

typically used. The same technique was used to optimize the estimates of meat consumption, 

using plastic models of 100 gram pieces of meat.
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Quantification of urinary PAH metabolites

Participants arrived fasting for their endoscopy exams and collected urine in a sterile 

container before endoscopy and any pre-endoscopy drug administration. Ten mL of urine 

was frozen immediately at −80°C, and the rest was analyzed for creatinine and cotinine (see 

below). Excess urine from 13 current smokers was combined to make a quality control pool 

which was analyzed blindly 12 times to evaluate coefficients of variation (CV) for each PAH 

metabolite.

All frozen urine samples were shipped on dry ice first to the US National Cancer Institute 

and then to the Organic Analytical Toxicology Branch of the Division of Laboratory 

Sciences of the National Center for Environmental Health at the CDC. Quantification of the 

PAH metabolites was conducted by online solid phase extraction coupled with high-

performance liquid chromatography-isotope dilution tandem mass spectrometry, as 

previously described(24). The following seven metabolites of PAHs were measured: 1-

naphthol (CV=10.33), 2-naphthol (CV=12.59), 2-hydroxyfluorene (CV=13.12), 3-

hydroxyfluorene (CV=13.34), 1-hydroxyphenanthrene (CV=15.33), sum of 2- and 3-

hydroxyphenanthrene (Σ2,3-hydroxyphenanthrene, CV=14.47), and 1-hydroxypyrene 

(CV=14.42). We also summed the urine concentrations of all measured metabolites of each 

parent PAH compound (Σnaphthols, Σhydroxyfluorenes, Σhydroxyphenanthrenes), so we 

could analyze these “parent compound” variables. Urine creatinine was measured by 

enzymatic colorimetry and expressed in mg/dL.

In addition to self-reported smoking, we measured urinary cotinine using Accutest® 

NicAlertTM strips (Jant Pharmaceutical Corp., Encino, CA). This assay, which measures 

exposure to tobacco smoke within the past 48 hours, was performed shortly after urine 

collection, according to the manufacturer’s instructions. Results ranged from 0 to 6 (0 – 2 = 

non-user of/no exposure to tobacco products (cotinine = 1 – 100 ng/mL); 3 – 6 = user of/

exposure to tobacco products (including exposure to second hand tobacco smoke) (cotinine> 

100 ng/mL)). Two members of the research team scored the cotinine dipstick results. A third 

reviewer, unaware of the patient’s smoking status, resolved disagreements by evaluating a 

photograph of the strip. A two-category cotinine-determined smoking status of current 

nonsmoker or current smoker (due to primary, secondhand, or environmental exposure to 

tobacco smoke) was used for all statistical analyses.

Statistical analysis

Urinary concentrations of PAH metabolites are short-term markers reflecting only the past 

one to three days of PAH exposure (25,26). Thus, we categorized patients by their self-

reported average daily maté intake within the past three days to evaluate the association of 

maté intake and the urinary PAH metabolites (the individual metabolites and the summed 

metabolites of each parent PAH compound). For categorical analyses, we divided the 

patients into quartiles based on this average recent maté intake: 1) maté quartile 1: 0 mL/

day; 2) maté quartile 2: 1 – 600 mL/day; 3) maté quartile 3: 601 – 1500 mL/day; 4) maté 
quartile 4: >1500 mL/day.
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Baseline and demographic characteristics of the study population were described by means 

and standard deviations (SD) or medians and interquartile ranges (IQR), and were compared 

across categories of maté intake by the chi-square test (for categorical variables) or the one-

way analysis of variance (for continuous variables).

We calculated geometric means and 95% confidence intervals (95% CI) of the urinary 

concentrations of the PAH metabolites and the summed metabolite concentrations of the 

parent PAH compounds for each quartile of maté intake. Crude and multivariate associations 

between these concentrations and maté intake quartiles were examined in linear regression 

models. The final adjusted model included creatinine and all potentially confounding 

variables (age, sex, urine cotinine (current smoker/nonsmoker), a combined indoor smoke 

exposure variable (work and/or home smoky/both not smoky), fuel type (coal/other or none), 

days since last eating barbecue, days since last making barbecue, and log-creatinine). For 

completeness, we also examined crude and adjusted models of creatinine-corrected 

metabolite concentrations (ng/g creatinine), in which the adjusted models did not include 

creatinine. We also tested the model for interactions by age, sex, days since eating barbecue, 

and days since making barbecue, but no significant associations were found. We constructed 

a jitter plot depicting the median and IQR of the creatinine-corrected PAHs for each of four 

categories combining recent maté drinking (yes/no) and cotinine-defined current cigarette 

smoking (yes/no) to demonstrate the effect of smoking and maté on the sum of all measured 

metabolites of each parent PAH compound. All analyses were performed using STATA 13.0 

software (StataCorp, College Station, Texas). All p-values were two-sided tests and p < 0.05 

was considered statistically significant.

We compared the agreement between self-reported usual daily maté intake and average 

intake within the past three days, and the agreement between self-reported smoking status 

and that determined by the cotinine NicAlert® test, using Cohen's kappa coefficient.

RESULTS

We successfully enrolled 244 patients with a wide range of usual daily maté consumption (0 

– 6000 ml/day. We found it difficult to enroll male smokers who drank >1000 mL/day. Table 

1 summarizes the participants’ characteristics by quartiles of average maté intake in the past 

three days. We found inverse associations between maté intake quartile and current alcohol 

drinking, days since eating barbecue, and days since making barbecue.

The geometric mean PAH urinary metabolite concentrations and their 95% CIs by quartile 

of maté intake in the past three days are presented in Table 2. We found a significant 

association between recent maté consumption and six of the seven measured PAH 

metabolites in unadjusted models (p-for-trend <0.05). There was also a significant 

association between recent maté consumption and the summed metabolites of 3 of the 4 

parent PAH compounds. After adjustment for creatinine and potential confounders such as 

age, sex, urine cotinine-determined smoking status, indoor smoke exposure, barbecue 

cooking fuel, and days since eating or making barbecue, significant associations remained 

with three of the measured PAH metabolites and the summed measured metabolites of 

phenanthrene. When we performed this analysis using creatinine-corrected urinary 
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metabolite concentrations (ng/g creatinine), the results were similar (Supplementary Table 

1).

When the sums of all creatinine-corrected metabolite concentrations of each parent PAH 

compound were compared by recent maté drinking and cotinine-determined smoking status 

(Figure 1, Supplementary Table 2), we found a significant (p≤0.01) increase in 

concentrations of the biomarkers of fluorene, phenanthrene, and pyrene among maté 
drinkers, smokers, and patients who were both maté drinkers and smokers compared to 

patients with no recent exposure to either maté or tobacco smoke. Additionally, maté 
drinkers who did not smoke had equivalent or higher concentrations of the sum of the 

urinary metabolites of phenanthrene (mean 732 ng/g, median 532 ng.g) than smokers who 

did not drink maté (mean 673 ng/g, median 543 ng/g).

There was good agreement between self-reported usual daily maté intake and average intake 

within the past three days (weighted kappa test = 74.3%) (Supplementary Table 3). But these 

measures presented an irregular pattern, especially among individuals in the lowest level of 

usual daily maté intake (1 – 500 mL/day). This group included some people who said that 

they usually drink maté only on weekends or only in occasional social settings. Thus, their 

usual (estimated average) maté intake might be in the range of 1 – 500 mL/day, but they did 

not consume any maté in the three days before urine collection. There was also excellent 

agreement between self-reported smoking status and the smoking status determined by the 

cotinine NicAlert® test (kappa = 95.5%) (Supplementary Table 4).

DISCUSSION

Rio Grande do Sul has a high incidence of esophageal cancer, estimated by the National 

Institute of Cancer of Brazil to be 20.3 new cases/100,000 men and 6.6 new case/100,000 

women in 2016(27). ESCC is by far the predominant histologic type(28,29), and its main 

risk factors are tobacco smoking, heavy alcohol consumption, barbecue eating/cooking, and 

maté drinking(7). Maté drinking, a widespread and deep-rooted habit in Rio Grande do Sul, 

usually starts at an early age. In previous studies, we have shown that commercial brands of 

yerba maté contain ~40ng of benzo[a]pyrene (B[a]P)/gm of leaves, and half of this B[a]P 

gets into the maté infusion(17). A typical gourd of maté, containing 50gm of leaves and 

drunk in the traditional way (refilling the gourd with water ~10–12 times) delivers ~1000ng 

B[a]P to the person drinking it, which is the same amount of B[a]P that is in the smoke of 

100 cigarettes. We have hypothesized that the high PAH content and the high consumption 

temperature of maté may both contribute to the increased risk of ESCC observed in maté 
drinkers(15,17,18).

In the current study, we quantified the urinary concentrations of PAH metabolites in men and 

women, and smokers and non-smokers, living in Rio Grande do Sul. Besides these 

characteristics, we enrolled the patients based on their levels of maté drinking, so we could 

assess their PAH exposure over a wide range of maté consumption.

Fagundes et al previously detected 1-hydroxypyrene glucuronide in the urine of maté 
drinkers in Rio Grande do Sul(15). The differences between the current study and this 
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previous one are that in the previous study the authors did not select the participants based 

on the amount of maté intake, they did not confirm the smoking status by measuring 

cotinine, and they measured only one urinary PAH metabolite, while we measured seven 

metabolites of four parent PAHs.

In our study, in unadjusted analyses, six of the seven measured PAH metabolites and the 

summed metabolites of three of four parent PAH compounds had significant dose-response 

associations with the amount of maté ingested in the past three days. After multivariate 

adjustment for creatinine and potential confounders, the associations of three of the seven 

measured PAH metabolites and the summed metabolites of phenanthrene remained 

significant. In addition, maté drinking increased the summed concentrations of the measured 

phenanthrene metabolites as much as cigarette smoking did.

The PAH content of commercial yerba maté is largely a contaminant acquired during the 

traditional drying of the yerba maté leaves, which involves many hours of contact with 

smoke(19), and avoiding smoke during this processing decreases the PAH content(18). This 

last study, by Golozar et al, showed that a commercial brand of yerba maté which was 

manufactured without exposure to smoke had 5.11 ng benzo[a]pyrene/gram of leaves, much 

lower than the 11.9–99.3 ng/g benzo[a]pyrene content of 11 other commercial brands of 

yerba maté processed in the traditional way (18). Thus, changes in commercial yerba maté 
manufacturing processes, along with public education about the beneficial effects of 

drinking maté at lower temperatures, can probably decrease the carcinogenic risk of maté 
and make it a safer and healthier drink. Moreover, a reduction of PAH content in commercial 

yerba maté may also have an impact on the risk of other PAH-associated neoplasms such as 

kidney, bladder, lung, and prostate cancer.

Our study had a number of strengths. Our participants had a wide range of maté intake. We 

recorded both the usual daily consumption and the intake within the three days before the 

urine collection. We showed photographs of different size gourds to the participants to better 

estimate the amount of maté they consumed. Urinary cotinine was measured to minimize 

inaccuracy of self-reported data on tobacco smoking, and it showed excellent correlation 

with questionnaire data. Potential confounders of maté-related PAH exposure, such as 

exposure to current smoking, environmental smoke, and eating or cooking barbecue, were 

equally distributed among individuals in the four maté intake quartiles (Table 1), and they 

were included as adjusting variables in the regression analyses.

Our study also had some limitations. Our patients were enrolled in tertiary hospitals, and 

thus may not reflect the general population of southern Brazil. Indeed, there are earlier 

reports of the average maté consumption in this region ranging from 1200 to 1800 ml/

day(5,6), and reports of it not being uncommon to find people who drink more than 2 liters/

day, but this was not our experience. Many people with digestive symptoms refrain from 

drinking maté, or reduce their intake, which may help explain why recruiting patients in 

gastrointestinal disease clinics in referral hospitals enrolled fewer patients with very high 

consumption. Recruiting participants exclusively in tertiary hospitals may also have affected 

generalizability with respect to smoking habits, since quitting smoking is highly encouraged 

in such hospitals. Our study relied solely on self-reported information on many habits, which 
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could be subject to inaccuracy. Finally, we did not collect information on maté consumption 

temperature in the current study. While it is true that the temperature of hot infusions may 

influence the risk of ESCC(3,7,8,12,30,31), the PAH content in maté is not affected by the 

water temperature(17).

In conclusion, in this study, urinary concentrations of PAH metabolites were significantly 

associated with self-reported amount of recent maté intake, and drinking maté increased 

urinary concentrations of some PAH metabolites as much as smoking cigarettes. These 

results confirm that drinking maté is a source of exposure to potentially carcinogenic PAHs, 

consistent with the hypothesis that the PAH content of maté may contribute to the increased 

risk of ESCC in maté drinkers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Creatinine-corrected urine metabolite concentrations plotted by recent maté consumption 

and cotinine-determined smoking status (*p<0.01).

Description: Figure 1 contains creatinine-corrected PAH urine metabolite concentrations 

plotted by recent maté consumption and cotinine-determined smoking status
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