
Vol.:(0123456789)1 3

European Journal of Nutrition (2022) 61:1143–1165 
https://doi.org/10.1007/s00394-021-02736-4

REVIEW

Lignan exposure: a worldwide perspective

Lucia Rizzolo‑Brime1 · Elida M. Caro‑Garcia1 · Cynthia A. Alegre‑Miranda1 · Mireia Felez‑Nobrega2   · 
Raul Zamora‑Ros1 

Received: 6 May 2021 / Accepted: 3 November 2021 / Published online: 20 November 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany 2021

Abstract
Dietary lignans are phytoestrogens that are mostly found in plant-based foods, especially whole grains, seeds, nuts, legumes 
and vegetables. An accurate assessment of lignan exposure is crucial to evaluate their potential health benefits and to establish 
future recommendations and dietary guidelines. This narrative review aimed to (i) summarize the pros and the cons of the 
current main assessment methods for lignan exposure─i.e., dietary questionnaires, food composition tables and biomarkers, 
(ii) describe the individual lignans more consumed from a worldwide perspective, as well as their main food sources, (iii) 
determine the lignans concentrations in both urine and blood, and explore their heterogeneity among countries, and finally 
(iv) discuss the main determinants of lignan exposure.
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Abbreviations
24-HDR	� 24-H dietary recall
END	� Enterodiol
ENL	� Enterolactone
EPIC	� European Prospective Investigation into Cancer 

and Nutrition
FFQ	� Food frequency questionnaire
LARI	� Lariciresinol
MATA​	� Matairesinol
MEDI	� Medioresinol
PINO	� Pinoresinol
SECO	� Secoisolariciresinol
SYRI	� Syringaresinol

Introduction

Chemistry and bioavailability

Lignans are secondary plant metabolites widely distributed 
in many plant-derived foods, such as whole grains, seeds, 
nuts, legumes, vegetables, and drinks (e.g., tea, coffee, or 
wine) [1]. Lignans are bioactive compounds well-known by 
their ability to mimic or modulate the action of endogenous 
estrogens [2]. Thus, they have been suggested to play a role 
in the prevention of several chronic and hormone-related 
diseases such as cardiovascular disease [1, 3], breast cancer 
[4, 5], osteoporosis [6], and menopausal symptoms [7, 8]. 
Lignans are chemically polyphenolic compounds derived 
from two β-β′-linked phenylpropane (C6–C3) units. Based 
on the way in which oxygen is incorporated into the skeleton 
and cyclization patterns, they can be classified into eight 
subgroups: furans, furofurans, dibenzylbutanes, dibenzylb-
utyrolactones, dibenzocyclooctadienes, dibenzylbutyrolac-
tols, aryltetralins, and arylnaphthalenes. The most common 
lignans consumed and for which the evidence has shown the 
most compelling benefits for health are secoisolariciresinol 
(SECO), lariciresinol (LARI), pinoresinol (PINO), mataires-
inol (MATA); although other lignans are also frequently 
consumed [e.g., sesamolin, sesamin, syringaresinol (SYRI) 
and medioresinol (MEDI)] [9].

In nature, lignans are generally linked to other molecules, 
mainly as glycosylated derivatives [10]. Lignan glycosides 
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are absorbed in the gastrointestinal tract after being metabo-
lized by gut mucosa and/or colonic microbiota into lignan 
aglycones and further converted into enterolignans [i.e., 
enterolactone (ENL) and enterodiol (END)] [1, 11]. The effi-
cacy of this conversion depends on several factors, especially 
on the microbiota composition and function, and differs con-
siderably among individuals. In an in vitro fecal microbiota 
metabolism system, 100% of LARI, 72% of SECO and 55% 
of PINO were converted to END; while approximately half 
of END and 62% of MATA were transformed to ENL [12]. 
Enterolignans, also called mammalian lignans, are efficiently 
absorbed and conjugated to glucuronide and/or sulfates by 
enterocytes. Finally, enterolignans are detected in blood 
(8–10 h half-life) and excreted 30% through urine (residence 
time approximately 24 h) and 50% via enterohepatic circula-
tion and feces [11]. Only small amounts of LARI, MATA, 
PINO, SECO, and SYRI have been found in blood and urine 
[13] (Fig. 1).

In plant-derived foods, the richest sources of lig-
nans are sesame seed oil (1294 mg/100 g), flaxseed meal 
(867 mg/100 g), and sesame seed meal (776 mg/100 g), fol-
lowed to a lesser extent by whole grains and virgin olive oil 
(< 5 mg/100 g). The lignan content of other or plant-derived 
foods is generally minimal with concentrations lower than 
1 mg/100 g [14]. Similarly, only negligible amounts of 
enterolignans have been detected in specific animal foods 
(i.e., milk, eggs, and derived products), which are produced 
by the intestinal bacterial metabolism in the animals’ guts 
after eating a diet rich in lignans [15]. A list of the top 25 

richest foods of the main six individual lignans is shown in 
the Supplementary Table 1.

Exposure assessment

In nutritional studies, lignan exposure has been assessed 
using either dietary questionnaires or nutritional bio-
markers. Both methodologies have advantages and dis-
advantages. On one hand, dietary questionnaires [e.g., 
food frequency questionnaires (FFQ), 24-h dietary recalls 
(24-HDR), and food diaries] are inexpensive, easy to 
administer and can estimate a lot of dietary data simulta-
neously, including dietary patterns, foods, nutrients and 
non-nutrients [16]. On the other hand, dietary question-
naires are susceptible to random and systematic reporting 
errors since they are based on subjects’ memory and their 
ability to estimate food portion sizes. Moreover, a food 
composition database is needed to convert food consump-
tion into lignan intake. Phenol-Explorer [17] is the most 
comprehensive database on polyphenols that include all 
individual lignans (n ~ 30) present in habitual foods. Other 
studies have used other food composition databases from 
Canada [18], the Netherlands [19], UK [20–22] and Fin-
land [23]; although these only usually include the four 
main individual lignans. The main limitations of using 
these databases are a large amount of unknown values, the 
limited quantity of food items included, and the absence 
of composition data on cooked foods. Thus, the estima-
tion of lignan intake may be inaccurate and tends to be 

Fig. 1   Scheme of the human bioavailability of dietary lignans
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underestimated. To improve the accuracy of self-reported 
dietary estimates, researchers are using new technologies, 
which are practical, have lower costs and burden for both 
researchers and participants (e.g., mobile phone applica-
tions) [24]. Moreover, they are using databases that are 
regularly updated, allowing to increase the number of 
available foods and individual lignans.

Nutritional biomarkers have become an alternative 
or complementary method for estimating dietary intake. 
An ideal dietary biomarker would accurately reflect its 
dietary intake and be specific, sensitive, and applicable 
to many populations. Their main advantage is that they 
are objective, take into account bioavailability, and offer 
more accurate assessment since they do not rely on sub-
ject’s memory. In contrast, their disadvantages include the 
requirement of biological samples, the complexity of the 
analytical methodology, and the elevated cost [25]. During 
the last two decades, lignans and especially enterolignans 
have been measured in blood and urine samples as poten-
tial biomarkers of dietary lignans. Currently, the analytical 
method generally used is liquid chromatography coupled 
to a tandem mass spectrometer (LC–MS/MS); although 
gas chromatography GC–MS and time-resolved fluores-
cence immunoassay have also been successfully used. 
These analytical methodologies allow us to have limits of 
detections below 0.1 mg/L [26].

Concentrations of enterolignans in plasma and urine 
have been extensively investigated as potential biomark-
ers of dietary lignan intakes. In a pooled analysis, urinary 
ENL levels have been highly correlated with MATA and 
SECO intake (r = 0.78), but not urinary END (r =  − 0.14) 
[27]. However, in individual studies, correlations between 
lignan intake (sum of MATA and SECO) and urinary 
enterolignans (sum of ENL and END) were moder-
ate (r = 0.40–0.46) in 26 Canadian women [28] and low 
(r = 0.16–0.25) in 195 adults from the California Teachers 
Study [29]. Weak associations between lignan intake and 
plasma END (r = 0.09) and ENL (r = 0.18) were observed 
in a Dutch study [30]. Similarly, correlations between lig-
nan intake and sum of plasma/serum enterolignans were 
low (r = 0.1–0.22) [31]. These low correlations could be 
due to the constrains to accurately assess dietary lignan 
intake (such as the aforementioned limitations of dietary 
questionnaires and food composition databases) or to dif-
ficulties to analyze the lignan content in foods, particularly 
in the extraction since they are usually bounded to dietary 
fiber [32]. It is also probable that a low correlation may 
exist due to the high inter- and intra-individuality in the 
absorption, metabolism and excretion of lignans or in the 
average lifetime of enterolignans in biospecimens (plasma 
and urine) [11]. Despite these results, concentrations of 
enterolignans, especially in urine, are considered suitable 
and reliable alternative measurements of lignan exposure.

Worldwide dietary lignan intake

Geographical differences in the intake of lignans 
and their food sources

Due to differences in dietary patterns worldwide, lignan 
intakes vary considerably by geographical region, with 
mean intakes mostly ranging from 0.2 to 6.4 mg/d in adults 
(Table 1, Fig. 2) [9, 33]. It is important to highlight that 
comparing results and estimates across studies presents 
several challenges due to differences in the amount of indi-
vidual lignans included, and both the composition data-
base and the dietary assessment method used. However, 
some studies used similar methodologies that allow us to 
compare results more easily.

Europe

Europe is the continent with more studies estimating the 
intake of lignans (Table 1). In adults, the mean intake 
ranged from 0.2 mg/d to 5.2 in France [34] and Latvia 
[35], respectively. Unsurprisingly, the highest intake of 
lignans (9.1 mg/d) was reached in a vegetarian/vegan UK 
population, since lignan is almost exclusively found in 
plant-based foods [9]. Despite the differences between 
studies, the existence of large multi-center studies such as 
the European Prospective Investigation into Cancer and 
Nutrition (EPIC) and the Healthy Lifestyle in Europe by 
Nutrition in Adolescents (HELENA) allows to compare 
lignan intakes across Europe using the same methodology 
[9, 36, 37]. Data from the EPIC study, that used Phenol-
Explorer database, indicates that Mediterranean countries 
have a higher intake than the non-Mediterranean ones [9, 
36]. However, the HELENA study, which used the Dutch 
database, showed a small decreasing north-to-south gradi-
ent [37].

Data from studies using different methodology and data-
bases indicates that the highest lignan intake in Europe 
usually occurs in northern countries, including Scandina-
vian and Baltic countries (Table 1). Considering the assess-
ment of at least 6 individual lignans (LARI, MATA, PINO, 
SECO, SYRI, and MEDI), the average of overall lignan 
intake ranged between 2.3 and 5.2 mg/d. Intake estimates 
were lower (0.9–1.8 mg/d) if only LARI, MATA, PINO, and 
SECO were considered. LARI, PINO and SECO were usu-
ally the individual lignans more consumed, although SYRI 
was also common. The main food sources of lignans in this 
region were whole grain cereals (especially rye, oat, and 
wheat), bread, flaxseeds, and berries.

The mean intake of lignans in Central European coun-
tries, such as UK, Poland, Germany, and the Netherlands, 
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ranged between 0.6 [38] and 2.3 mg/d [9]. Most of the 
studies in this region only assessed LARI, MATA, PINO, 
and SECO, and therefore, the intakes may be slightly 
underestimated. In a Polish study [39] the mean intake 
of lignans was extremely high (12.1 mg/day) due to a 
Phenol-Explorer error in the lignans content of some spe-
cific vegetables [17] that were the main food sources in 
this Polish study (such as cucumber). In Central European 
countries, LARI, PINO and SECO were the main individ-
ual lignans consumed. Bread, seeds, and vegetables were 
the most common food sources of lignans in this region.

Finally, southern European countries, also referred as 
Mediterranean countries, had a highly variable intake, 
ranging from 0.2 mg/day in France [36] to 4.3 mg/day in 
Greece [9]. France and Spain had relatively low intakes 
(0.2–2.1 mg/d), while Italy and Greece generally had a 
high consumption (0.7–4.3 mg/d) [9, 36]. In an Italian 
study [40] the mean intake was extremely high (80 mg/d). 
Although the authors did not provide any rationale for 
such results, it is possible that this could be due to a 
processing error in the Eurofir-eBASIS food composi-
tion database [41]. LARI, PINO and SECO were also 
the most consumed individual lignans in this region; 
although depending on the study, the proportions largely 
vary. These countries typically follow a Mediterranean 
dietary pattern, where the main food sources of lignans 
are derived from olive oil, vegetables, fruits (mostly cit-
rus fruit), wine (predominantly red wine) and in a minor 
percentage bread and cereal products.

Americas

In the US, there is also a great quantity of studies describ-
ing the lignan intake (Table 1). Most of these studies used 
the Canadian database [18] which only contains data on the 
four traditional individual lignans: LARI, MATA, PINO, and 
SECO. The mean intake of total lignans ranged between 0.1 
and 6.4 mg/d [42, 43] although in the majority of these stud-
ies, their intake was < 1 mg/d. In this region, the main food 
sources were tea and coffee, probably due to a lower con-
sumption of fruits, vegetables and whole grains compared 
to Europe. In the US, SECO was clearly the most consumed 
individual lignan, followed by far by LARI and PINO. In 
two Canadian studies, the intake of total lignans was slightly 
lower than in the US, ranging from 0.2 to 0.4 mg/d [44, 45] 
and the main food sources were legumes, seeds, cereals and 
grains, and berries. To date, only SECO and MATA were 
assessed in Canada, which clearly underestimate total lignan 
intake.

To our knowledge, the existing data in Latin-American 
countries is limited to Mexico [33, 46] and Brazil [47–49]. 
The mean intake of total lignans was similar in both coun-
tries, varying from 0.1 to 2.3 mg/d. A Brazilian study [47] 
was not included in the current review, since its mean 
intake was exceptionally high 13.6 mg/d, possibly due to 
an error in data calculation. As in Europe, SECO, LARI 
and PINO were the main contributors to total lignans in 
this region. Main food sources were generally vegetables, 
fruits, nuts, seeds and vegetable oils. However, there is 

Fig. 2   Mean of means/medians of total dietary lignan intake (mg/d) by country
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a potential underestimation of lignan intakes in Latin 
American countries due to the limited food composition 
data on some tropical foods [33], such as mamey, zapote, 
papaya, sweet potato, nopal, guava, jicama, and prickly 
pears. Those are frequently consumed in this region, but 
their lignan content is not available in any food composi-
tion database yet.

Other continents

In Australia, two studies estimated the intake of total lig-
nans in women only [50, 51]. Their mean intake ranged 
from 0.7 to 2.7 mg/d. SECO was the major individual lig-
nan consumed and the main food sources were soy and 
linseed [51].

In Asian countries, lignan intake was estimated only 
in two Iranian-based [52, 53] and one Korean-based [54] 
studies. In Iran, the mean intake of total lignans, includ-
ing all individual lignans, varied between 0.2 and 2.4 mg/d; 
whereas in Korea, including only MAT and SECO, the mean 
intake was 1.5–1.8 mg/d. Data on main food sources were 
not available in this region.

Determinants of lignan intake

Lignans were positively correlated to total energy intake 
[55]; therefore, participants consuming more energy were 
more likely to be those with a higher intake of total lignans. 
Although a Latvian study [35] showed a greater consump-
tion of total lignans in men compared to women; data from 
EPIC showed that women had a higher intake of lignans 
after adjusting for total energy consumption (3.6 mg/d in 
women vs. 2.5 mg/d in men) [9]. Interestingly, one Korean 
study [54] observed slight differences between menopausal 
statuses in women (1.8 mg/d in postmenopausal women vs. 
1.5 mg/d in premenopausal women). In the EPIC study [9], 
results indicated that lignan intake also increased with age. 
For instance, young adults (35–44 years) had a lower intake 
of total lignans (2.8 mg/d) than older adults (65–74 years; 
3.5 mg/d) [9]. In children and adolescents, the two avail-
able European studies [36, 56] found that the mean intake 
was higher in adolescents (15–18 years) than in children 
(2–15 years), 0.98–1.10 vs. 0.61–1.00 mg/d, respectively.

The results by lifestyle factors and other sociodemo-
graphic variables are controversial. For example, some stud-
ies showed that subjects with obesity had a higher intake 
of lignans [9, 36, 45, 57–60] than individuals with normal 
weight; whereas in other studies occurred the opposite [9, 
35, 61–63]. Discrepancies were also observed comparing 
lignan intake by educational level, smoking status, physical 
activity, and alcohol consumption.

Worldwide enterolignans concentrations

Geographical differences in total enterolignans 
concentrations

Concentrations of lignan metabolites (END and ENL) in 
biospecimens, as potential biomarkers of lignan intake, are 
useful indicators of lignan exposures across populations. 
To straightforwardly compare concentrations of enterolig-
nans, all estimates have been converted into the same units 
(nmol/L) in Tables 2 and 3. These summarize the most 
representative studies assessing urinary and blood (i.e., 
serum or plasma) enterolignan concentrations, respec-
tively. Levels of urinary entrolignans were usually 100-
fold higher than those found in blood (serum or plasma). 
The mean urinary END concentrations worldwide ranged 
from 38 [64] to 763 nmol/L [65] and for ENL from 148 
[66] to 3651 nmol/L [67] (Table 2, Fig. 3). In the case of 
plasma and serum, END concentrations varied between 0.2 
[68] and 7.0 nmol/L [69] while ENL levels ranged from 
4.9 [68] to 39.2 nmol/L [69]. Levels of enterolignans in 
plasma and serum were similar (Table 3, Fig. 3). Mean 
concentrations of END were between 2 to 13 times lower 
than ENL in both urine and blood.

Europe

Few studies (n = 8) have measured urinary enterolig-
nans in Europe (Table  2). Northern European coun-
tries tend to have the highest levels of enterolig-
nans (ENL = 768–3267  nmol/L) [65, 70] followed 
by Central European countries (END = 204–288 and 
ENL = 2414–3333 nmol/L) [71–75]. Data for Mediter-
ranean countries were limited. There is only one study 
from Italy, that reported a high urinary concentration 
(END = 763 and ENL = 1577 nmol/L) [76].

Most of the studies measuring enterolignan concentra-
tions in blood specimens, of which 20 were conducted in 
plasma and 10 in serum, were performed in Central and 
Northern European countries (Table 3). The lowest con-
centrations of END and ENL were 0.2 and 4.9 nmol/L, 
respectively, in a UK-based study [68]; while the highest 
levels were derived from a Dutch population: 7.0 nmol/L 
for END and 39.2 nmol/L for ENL [69]. Comparing stud-
ies that used the same analytical methodology, in gen-
eral, concentrations in Central European countries (e.g., 
the Netherlands, Germany, UK) were slightly lower than 
in Scandinavian countries [68, 77]. However, when all 
studies were considered independently of lignan assess-
ments, levels of enterolignans in central European coun-
tries were very heterogeneous [68, 69]. The lowest mean 
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enterolignan concentrations were found in Mediterranean 
countries: 0.3 nmol/L for END and 6.7–7.8 nmol/L for 
ENL [77]. Italy was the Mediterranean country with the 
highest END (1.3 nmol/L) and ENL (9.1 nmol/L) con-
centrations in plasma [77], which is similar to intake 
estimations.

Americas

To our knowledge, only US data were available from both 
North and South American continents, with the exception 
of a Jamaican study. In the US, several studies assessed 
enterolignan concentrations in urine (n = 15) (Table 2), 
plasma (n = 2), and serum (n = 2) (Table 3). Both urinary 
END and ENL excretions varied considerably among US 
studies from 38 [64] to 609 nmol/L [67] for END, and from 
285 [64] to 3651 nmol/L [67] for ENL. Indeed, US popula-
tions included the worldwide minimum mean of END levels 
(285 nmol/L) and the worldwide maximum mean of ENL 
excretions (609 nmol/L). In the Jamaican study, the mean 
intake of END was in the upper side of the interval of the 
US studies (2671 nmol/L) [78].

Similarly, a high variability in blood END levels was 
observed among US studies, ranging between 1.5 [79] and 
6.0 nmol/L [80] while the range of mean levels for ENL was 
narrower from 11.5 [81] to 22.5 nmol/L [79].

Asia

To date, urinary concentrations of enterolignans in Asia 
were measured in Singapore [82], Japan [66, 83], Vietnam 
[83], Cambodia [83] and India [83]. The mean of urinary 
END concentrations varied from 60 nmol/L in Cambodia 
[83] to 245 nmol/L [83] in Vietnam. For ENL, the high-
est mean value was found in Vietnam (1678 nmol/L) [83] 
while the lowest excretion was identified in a Japanese 
study (148 nmol/L) [66].

Several studies in East Asia (such as Japan, China, 
Korea and Vietnam) assessed enterolignans in plasma and 
showed a relatively low variation in their mean concen-
trations (~ threefold variation). Thus, END concentration 
means ranged from 2.0 [84] to 5.6 nmol/L [85] in the two 
Chinese studies. Mean ENL concentrations in blood sam-
ples were between 10.2 [86] and 32.7 nmol/L [87] in Viet-
nam and Japan, respectively. In the study of Liu et al. [84] 
median plasma concentrations of ENL (2.0 nmol/L) and 
END (16.4 nmol/L) seem to be exchanged. Mean ENL con-
centrations in Korea were extremely high (177.8 nmol/L in 
women and 249.3 nmol/L in men), around tenfold higher 
than values found in any other study from other continents.

Fig. 3   Mean of means/medians of urinary and blood enterolignan concentrations (nmol/L) by country; A urinary enterolactone, B urinary enter-
odiol, C blood enterolactone, D blood enterodiol
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Determinants of the total enterolignans 
concentrations

Data from studies that analysed separately men and women 
showed that urinary concentrations of enterolignans were 
slightly higher in women than in men [67, 70, 83], with 
one exception [64]. Urinary ENL and END excretions were 
the highest in adults (20–60 years), followed by the elderly 
(> 60 years) and, finally, by adolescents (12–19 years) [67]. 
This pattern according to age and sex is consistent with 
findings from dietary lignans adjusted for energy intake. A 
Danish study suggested that smoking and higher BMI were 
associated with lower concentrations of ENL [88]. No other 
information was found for concentrations of entrolignans 
(in both urine and blood) and other determinants, such as 
educational level and physical activity.

Strengths and limitations

Dietary data

The main limitation of this review was that each study used 
a different methodology to estimate lignan intake. First, dif-
ferences in both the type of dietary questionnaire (FFQ, 24 h 
dietary recall, history of diet) and the amount of food items 
included in the questionnaire could complicate comparisons 
in the habitual estimation of individual foods, particularly 
lignan-rich products. Although, the vast majority of stud-
ies used validated FFQs; very few of these questionnaires 
were specifically validated for lignans. Secondly, available 
food composition tables/databases were not complete. They 
have missing data on several foods and, especially, on some 
individual lignans. Only Phenol-Explorer [17] contains data 
on all commonly consumed lignans; while others only have 
data on two (MATA and SECO) or four individual lignans 
(MATA, SECO, LARI, and PINO). These four lignans are 
the most abundant ones accounting for at least 50% of total 
lignan intake in Europe [9]. Thirdly, most of the presented 
studies were not representative of the entire population, so 
the results may not be totally generalizable. However, the 
inclusion of several medium-to-large size studies from the 
same geographical area enhances generalizability. Fourth, 
studies evaluating the reliability of enterolignans as bio-
markers of lignan intake are limited; especially those inves-
tigating all individual lignans, and correlations were moder-
ate for urinary concentrations [27–29] and low for plasma/
serum concentrations [31]. Therefore, inconsistent results 
have been observed comparing results using dietary con-
ventional dietary questionnaires and biomarkers. For exam-
ple, a recent meta-analysis showed no associations between 
dietary lignan intake and cancer outcomes; while a higher 

concentration of serum/plasma ENL was inversely associ-
ated with overall cancer survival [89].

Biomarker data

Variability in results due to differences in procedures and 
methods in the analysis of concentrations of enterolignans 
in blood and urine were relatively minor, since all analyti-
cal methodologies were validated. The main limitation was 
that the studies only analyzed one sample per subject. It 
is well-known that enterolignans are relatively short-term 
nutritional biomarkers [11] and therefore multiple measure-
ments would be recommended to estimate habitual exposure 
at an individual level. However, the mean of a single punc-
tual measure in a large quantity of subjects was a suitable 
way to reflect the habitual mean of lignan concentrations at 
population level. Another limitation was the relatively small 
size of all studies and therefore the limited generalizability 
of the results.

Conclusions

Overall, common mean intakes of total lignans worldwide 
ranged from 1 to 5 mg/d, with a higher intake in vegetarian 
populations (9.1 mg/d). There was a large heterogeneity in 
the estimations of lignan intake across studies partially due 
to real differences among geographical areas and popula-
tions and to differences between dietary assessment methods 
used. Food sources also varied across regions, although the 
most typical ones were whole-grain cereal products, seeds, 
vegetables, and fruits.

As expected, similar trends and differences between 
regions were observed using dietary and biomarker data. 
END concentrations were usually tenfold lower than ENL 
levels in both urine and blood. Results of enterolignans in 
plasma and serum were equivalent. END and ENL concen-
trations in urine were approximately 100 times higher than 
in blood.

More food composition data are warranted to update cur-
rent databases on lignans and improve dietary intake esti-
mations. Data from some regions, particularly in low- and 
middle-income countries (Africa, Latin America, and some 
areas in Asia), was scarce or null; therefore, further studies 
combining both dietary and biomarker data in these regions 
are requested to improve data coverage globally.

Finally, an accurate estimation of lignan exposure is 
essential to better understand associations between lignan 
intake and the risk of chronic diseases. In our opinion, 
although, current estimations of dietary lignan intake are 
getting more precise, they are often underestimated. Thus, 
concentrations of enterolignans in blood and urine are still 
preferable to estimate lignan exposure in epidemiological 



1160	 European Journal of Nutrition (2022) 61:1143–1165

1 3

studies. This data will be crucial for setting and improving 
current dietary recommendations for populations.
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