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Materials and Methods
Design and study population
[bookmark: _Hlk52655522][bookmark: _Hlk52655564]The NQ-plus study is a prospective cohort study initiated by researchers of the division of Human Nutrition of Wageningen University. This study started in May 2011 to pinpoint the specific dietary factors responsible for obesity and adverse cardiometabolic health outcomes. 1012 men and women aged 20-70 years living in Wageningen, Ede, Renkum, and Arnhem, the Netherlands, were included [1, 2]. 
Baseline measurements consisted of the assessment of habitual dietary intake by multiple telephone-based 24-h recalls (24hR), a physical examination, including measurement of anthropometrics (e.g., weight, height, blood pressure), and general and lifestyle questionnaires (education, health, and smoking habits). This study was conducted according to the guidelines laid down in the Declaration of Helsinki. All procedures involving human participants were approved by the Medical Ethics Committee of Wageningen University and Research. Written informed consent was obtained from each participant  [2]. 

Dietary and lignan assessment
Multiple, telephone-based 24-h recalls (24hR) were administered by trained dietitians using the five-step, multiple-pass method, which is a validated technique to increase accuracy [3-5]. Dates were randomly selected evenly across the year and days of the week. The foods recorded on the recalls were translated into food codes and food groups using the 2011 Dutch Food Composition Table. All participants with at least two 24hR were included in this study. Average daily dietary intakes were calculated by multiplying the consumption frequency by the portion size and nutrient content in grams [2]. Out of 2082 reported food items for the 24hR, 290 foods were with known lignan content and thus selected for inclusion in this analysis. The lignan data was extracted from a lignan content database of Dutch plant based foods [6] and complemented with data from three other references (Gunter G.C. Kuhnle 2009, Thompson, 2006 and Penalvo, 2007) [7-9]. Foods that contained no lignans (0.0 µg) were excluded from the calculation. For each person, lignan intake was calculated by multiplying the consumed amount of each food with its lignan content (µg/g) for each recorded day. Then, the lignan intake was averaged over the recorded days. 

Anthropometrics 
Height was measured with a stadiometer (SECA, Germany) to the nearest 0.1 cm, and weight was assessed with a digital scale (SECA) to the nearest 0.1 kg. Body mass index (BMI, kg/m2) was calculated as a person's weight in kilograms divided by the square of height in meters. Participants were categorised as normal weight (BMI < 25 kg/m2), overweight (BMI  ≥ 25 kg/m2), and obese (BMI > 30 kg/m2) [10]. Waist circumference was measured using a measuring tape (SECA 201) to the nearest 0.5 cm. 

Demographic, lifestyle, and general health
The general questionnaires included demographics, education, work status, smoking status, and physical activity. Most of these questions were derived from the general questionnaires of the Lifelines study [11]. The education status was divided into three groups which were low, intermediate, and high. Participants with no education or primary or lower vocational education as highest completed education were classified as low. Meanwhile, lower secondary or intermediate vocational education participants were classified as intermediate education. Participants with a high education level completed higher secondary education, higher vocational education, or university. Smoking status was classified into three categories: non, current, and former smoker. Information about the participants’ usual physical activity was obtained using the Short QUestionnaire to ASsess Health enhancing physical activity (SQUASH) [12]. The SQUASH contains questions evaluating the participants’ compliance to the Dutch physical activity guidelines, specifically, a physical activity pattern including at least 30 min of moderate-intensity physical activity on ≥ 5 days/week [13].
Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics version 25 software (IBM Corp). The initial sample consisted of 7437 participants having the required information. We excluded participants who did not have complete information on all nutrients. Then, we eliminated participants who only having one 24hR record. One participant was excluded from the analyses, since she/he provided only nutrient information. Thus, the complete data on all nutrients intake variables with at least 2 days of 24hR were available for 1012 participants. The generated dataset was checked for duplicates and missing values for BMI, waist circumference, education, smoking status and physical activity. Automatically generated values replaced all the missing observations in the confounding database through multiple imputations. All the variables were entered in the imputation model, and five imputations were carried out with 10 iterations under a fully conditional specification imputation method. Pooled data was used for further analysis [14]. The study population consisted of 1012 participants: 534 men and 478 women. Participant characteristics were reported as means with standard deviation (mean + S.D.), median (IQR), or n (%). ANOVA tests were performed for normally distributed continuous variables, Kruskal-Wallis tests were performed for skewed continuous variables, and chi-square tests were performed for categorical variables to compare the baseline characteristics over tertiles of total lignan intake. 
The contribution of individual foods and food groups to the mean lignan intake was calculated, and the percentage of users of each food or food group was determined. Mean lignan intakes for men and women, adjusted for age, and intakes in age categories adjusted for gender, were compared using analysis of covariance after log transformation of the individual lignan intakes. Similarly, mean lignan intakes stratified by other selected lifestyle characteristics were adjusted for age and gender. 
In addition, three multiple regression  models were used to investigate the association of BMI and waist circumference with total lignan intake. We were applied the Z-score calculation to standardize the variables with a 1-SD increase in intakes of total lignan. A list of potential confounders was selected from published research on lignan intake in relation to obesity. Ethanol intake, physical activity and education are listed as potential risk factors for obesity and may be correlated with lignan intake. Smokers have greater oxidative stress than non-smokers; thus, the lignans’ antioxidant effects might be more marked in smokers. In addition, dietary fiber intake may influence the lignan bioavailability, affecting intestinal transit time [15]. Model 1 included adjustments to the lifestyle variable: age, sex, education, smoking status, ethanol consumption, and physical activity. In model 2, adjustments were made for energy intake and the macronutrients, fat, protein, carbohydrates, and fiber. The full model combined the adjustment variables of model 1 and 2. The residual method was used to adjust for energy intake. P-values were considered significant if P ≤ 0.05. Recent studies recommend that waist circumference is the simpler, most practical, and accurate measure of abdominal obesity for practice in public health research [16, 17]. 


[image: ]
Figure S1 Distribution of total lignan intake among 1012 participants in the NQ-Plus study



Table S1  Lignan intake (n=1012) of selected characteristics among participants in the NQ-Plus Study
	
	n
	Lignan mean intake (µg)
geometric means (95% CI).
	P-value

	Gender γ
	
	
	

	Men
	534
	2858 (2624 - 3112)  
	0.18

	Women
	478
	3112 (2844 - 3404)
	

	
	

	Age, y £
	

	· 19-29
	61
	2495 (1905 – 3266)
	0.36

	· 30-49
	290
	3034 (2704 – 3412)
	

	· 50-69
	651
	2999 (2780 – 3236)
	

	· >70
	10
	1663 (628 – 4406)
	

	
	

	BMI, kg/m2 ¥
	

	· <24.9
	461
	2965 (2704 – 3251)
	0.99

	· 25-29.9
	411
	2965 (2685 – 3266)
	

	· >30
	140
	2951 (2500 – 3483)
	

	
	

	Smoking status ¥
	
	
	

	Non
	554
	3062 (2811 – 3327)
	0.41

	Current
	375
	2917 (2630 – 3243)
	

	Former
	83
	2618 (2103 – 3266)
	

	
	

	Education status ¥
	

	· Low
	65
	3311 (2606 – 4217)
	0.70

	· Intermediate
	301
	2972 (2660 – 3327)
	

	· High
	646
	2979 (2761 – 3214)
	


γ Adjusted for age. £ Adjusted for gender.  ¥ Adjusted for age and gender. 

Table S2 Full list of total lignan intake and % contribution of food items
	Food items 
	total lignan intake
	% contribution

	bread
	5065095
	51.6

	· Bread/roll/bun multigrain average w seeds
	4760328
	48.5

	· Bread/baquette/roll brown/wholemeal average
	100804
	1.0

	· Crispbread sesame
	71250
	0.7

	Fruits
	418586
	4.3

	· berries & currants
	94045
	1.0

	· Pear
	58083
	0.6

	· Avocado
	36175
	0.4

	Vegetables 
	1169898
	11.9

	· Kale curly boiled
	322271
	3.3

	· Broccoli boiled
	270780
	2.8

	· Beans French/runner/mangetout  boiled
	102389
	1.0

	Nuts, seeds & snacks
	2062362
	21.0

	· Linseeds
	1921095
	19.6

	· Sesame seeds
	55179
	0.6

	Soy product
	16811
	0.2

	Legumes
	5080
	0.1

	Cereal
	34358
	0.4

	Potatoes
	30961
	0.3

	Herbs & spice
	1807
	0.0

	Savoury
	150896
	1.5

	· Sesame paste tahin
	141902
	1.4

	Pastry
	99266
	1.0

	Sugary product
	19045
	0.2

	Fat & oil
	40366
	0.4

	Soup
	30511
	0.3

	Composite food
	57786
	0.6

	Milk & milk product
	8510.01
	0.1

	Miscellaneous
	1788
	0.0

	Beverages
	607647
	6.2

	· Tea prepared
	324193
	3.3

	· Coffee prepared
	107062
	1.1

	· Wine red/port wine
	62555
	0.6

	· Beer 
	50304
	0.5
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