Supplementary materials
Supplementary methods 1 Dietary intake
In both inclusion periods we used a short FFQ to determine dietary intake and subsequently calculate a total diet quality score, based on adherence to current national dietary intake recommendations from the Dutch Health Council (DHC) and the Netherlands Nutrition Center (NNC) (1-3). A total diet quality score, reflecting adherence to current Dutch dietary guidelines, was calculated in both study phases based on 6 and 13 dietary components respectively (diet quality score study phase 1: (4); diet quality score study phase 2: Supplementary table 1). To construct the total diet quality score, each component was assigned a score ranging from 0 to 10, where a score of 0 represented minimal adherence to the Dutch dietary guidelines and a score of 10 represented maximum adherence to the Dutch dietary guidelines (study phase 1: (4); study phase 2: Supplementary table 1). If data were missing for a dietary component, the least favorable outcome was assumed. Scores of all components were summed, resulting in a total theoretical diet quality score ranging between 0 and 60 for the first study phase and ranging between 0 and 130 for the second study phase. Both scores were converted into a score ranging from 0-100 to obtain a  comparable range between the two study phases. A higher total diet quality score corresponded to a higher adherence to the Dutch dietary guidelines for a healthy diet. An overview of the dietary components included with associated national dietary recommendations per study phase, contribution percentages and the component specific scoring system are presented in the Supplementary table 1 and described in the study van der Velde et al. (2020) (4).

	
	[bookmark: _Toc42013678]Supplementary table 1 Dietary components with associated current national dietary recommendations, contribution percentages and scoring per component for study phase 2

	
	Dietary
component
	Dietary recommendations by the Dutch Health Council and/or the Netherlands Nutrition Centre
	% contribution to the dietary component score
	Units
	     Dietary component score

MINIMUM SCORE 	MAXIMUM SCORE
         (=0 POINTS)                          5 POINTS                  (=10 POINTS)

	
	Vegetables
	Consume at least 200 grams of vegetables daily
	100

	g/d
	0
	Continuous
	≥200

	
	Fruit
	Consume at least 200 grams of fruit daily
	100

	p/d
	0
	Continuous
	≥ 2

	
	Legumes
	Consume one serving legumes a week

	100
	g/w
	0
	Continuous
	≥ 1351

	
	Unsalted nuts
	Consume at least 15 grams of unsalted nuts daily

	100
	g/d
	0
	Continuous
	≥ 15

	
	Fish
	Consume one serving of fish weekly, preferably fatty fish
	50

50
	s/w

-
	0

No fish consumed
	<1

Lean or both lean and fatty fish

	≥ 1

Mostly fatty fish

	
	Grain products
	Consume at least 90 grams of whole grain products daily

Replace refined grain products by whole grain products
	50


50
	g/d


-

	0


 Mostly refined

	Continuous


Both refined and whole grain
	≥ 90


Mostly whole grain 


	
	Dairy
	Consume 2-3 servings of dairy daily
	50

50
	s/d

-
	0

Full fat dairy products
	Continuous

Both whole dairy products and (semi)-skimmed dairy products 

	≥ 2

(Semi)-skimmed dairy products

	
	Tea
	Consume 3-4 cups of green/black tea a day
	100


	s/d


-

	<1 AND mostly green/black tea

<3 AND both herbal tea and green/black tea

Not consumed

Mostly herbal tea
	1 to 2 AND mostly green/black tea

≥ 3 AND both herbal tea and green/black tea

	≥ 3 AND mostly green/black tea

	
	Coffee
	Replace unfiltered coffee by filtered coffee

	100

	-
	Boiled coffee, cafetière coffee, Greek coffee, Turkish coffee
	Vending-machine coffee2, coffee from cups and espresso
	Not consumed or filter coffee, coffee from pads and instant coffee


	
	Oils and fats
	Replace butter, hard margarines and cooking fats by soft margarines, liquid cooking fats, and vegetable oils
	50



50
	· 



-
	Butter, hard margarines


Butter on bread or bread is not buttered at all
	Both butter, hard margarines and oils and soft margarines


Semi-skimmed butter or hard margarine on bread
	Oils and soft margarines




Diet margarine on bread

	
	SCBs

	Minimize consumption of sugar-containing beverages.

	100

	s/d
	≥ 1
	<1
	0


	
	Savory snacks
	For products outside the Wheel of Five: consume an item from the daily selection no more than three to five times per day, and something from the weekly selection no more than three times a week

	50


50
	lrg s/w


sml s/d
	≥ 3


> 3
	<1 to 2


Continuous
	0


0


	
	Sweet snacks
	For products outside the Wheel of Five: consume an item from the daily selection no more than three to five times per day, and something from the weekly selection no more than three times a week
	100


	s/w

	≥ 3


	<1 to 2


	0




Abbreviations: SCB, sugar-containing beverages; g/d, grams per day; p/d, pieces per day; s/w, servings per week; s/d, servings per day; lrg s/w, large servings per week; sml s/d, small servings per day.
1The Netherlands Nutrition Centre indicates that one serving of legumes corresponds to 135 grams of legumes (1).
2Vending-machine coffee can be either filtered coffee or unfiltered coffee. Since the filter used by the vending- machine is not known, the cafestol level is assumed to be moderate (1).
Supplementary table 2 Rationale for the placement of participant characteristics within the specific layers of the SEM
	
	Rationale

	Age
	Knowledge about a healthy diet varies by age. Middle-aged adults (45+) appear to have the highest dietary knowledge and can therefore make better decisions with regard to diet quality (5, 6). In addition, older adults more often have a permanent contract compared to younger adults and therefore have greater income security. This leads to a lower risk of food insecurity (7).

	Sex
	In general, females have a more important role in taking care of their family and in preparing and purchasing food than males (8, 9). In addition, males have less dietary knowledge than females. This allows females to make better choices regarding a healthy diet and possibly less likely to be FI than males (5, 10, 11).

	BMI
	A high BMI is associated, among other things, with a low income (12). In addition, it is associated with a reduced job opportunity and therefore are people with a high BMI less likely to have steady income. Job discrimination mainly occurs among obese females (13). As a result, people with a higher BMI are more likely to be FI.

	Employment status
	Unemployment has negative consequences on your mental health, and causes a lot of stress and a higher chance of depressive symptoms. As a result, individuals may take less care of themselves, decrease social contact and have therefore a higher risk of food insecurity (14-16). In addition, individuals in current employment also receive social support from their colleagues, which allows them to receive additional assistance if needed, thereby reducing their risk of food insecurity (17). 

	Gross monthly income
	A higher income can reduce the risk of food insecurity. For example, individuals with a high income need to set fewer priorities with regard to their budget, so that they will have more money to spend on sufficient and healthy food and will less likely experience stress related to food security. In addition, a low income more often leads to a reduced quantity and quality of food and therefore more food insecurity (18).

	Highest educational attainment
	Individuals with a higher education generally also have better dietary knowledge, so that they know better what good quality food is, but also have better financial knowledge, exhibit more saving behavior and can therefore make better choices in terms of nutrition within their expenditure (19, 20). Moreover, the highly educated more often have a paid job and the salary of the highly educated is generally higher than for the lower educated, so that they have more money available to avoid food insecurity (5, 19, 21).

	Smoking status
	Smoking is often associated with having a low SEP. People with a low SEP have less money to spend on food and therefore a greater risk of food insecurity (22, 23). Furthermore, smoking is an extra expense, resulting in less budget for food and smokers appear to have higher lifetime health care costs (24).

	Migration background
	Having family dinners has been associated with healthier dietary behavior (25). Besides, in certain cultures and countries, people often eat together with their families. By sharing food and enhancing social networks, the risk of food insecurity can be reduced. Moreover, individuals of non-native descent may be less able to apply for help (e.g. food banks), due to barriers such as language problems, and therefore experience a higher risk of food insecurity (26). In addition, Dutch natives and others with a western migration background have on average a higher income and therefore a lower risk of food insecurity (27). 

	Religion
	Individuals build an extra social network at a church or mosque. In addition to this extra social support, places such as a church or mosque often offer free meals, reducing people's risk of food insecurity (28-30). 

	Physical and mental health (SF-12)
	Mental problems can lead to a lower dietary intake, but also a reduced quality of diet due to increased stress and a lower energy level. Physical limitations can make it more difficult to run errands, etcetera. (31). 

	Diet quality
	A healthy diet is more expensive than an unhealthy diet. Furthermore, between 2007 and 2017, prices of healthy foods have risen higher than the prices of unhealthy foods (32). As a result, people increasingly have to spend a larger part of their budget on a diet, which can ultimately lead to food insecurity.

	Marital status
	Married or cohabiting couples may have more employed adult members in the household and are therefore less likely to be FI than single parents (33). Moreover, a partner probably also provides a larger social network and provides mental support, for example (34). Females living in single-parent households experience more often multiple economic and time-related barriers to eating healthy compared to males living in single-parent households (35). This may be because males more often have a full-time job than females, and are therefore more able to support the family financially (36).

	Household size
	The larger the household, the more people have to be supported by a certain income. This increases the risk of food insecurity (37, 38).

	Family structure: 
adult/child ratio
	Parents sacrifice their own dietary quality to ensure adequate dietary quality for their children. The lower the ratio, the more we expect parents to potentially sacrifice their own dietary quality (39).

	Fast-food accessibility
	Poorer neighborhoods are often associated with the high availability of fast food and less healthy foods (40, 41). In addition, poorer neighborhoods are often associated with lower income families, which is often associated with a reduced quantity and quality of food and thus a greater risk of food insecurity (18).

	Liveability index
	Poorer neighborhoods are often associated with the high availability of fast food and less healthy food (40, 41). In addition, these poorer neighborhoods are often seen as less safe and associated with more litter and less greenery, so that people go outside less often and are therefore less physically active and experience a poorer (mental) health (42-44). 



















Supplementary table 3 Overview of the multiple imputation procedures
	Total multiple imputation procedure


	Inclusion periods
	Inclusion period 1 and 2

	Software used for MI
	IBM SPSS Statistics, version 25

	Number of imputations
	38

	Imputation method and key settings 
	Fully conditional specification; 
Maximum iterations: 10

	Variables included in the MI procedure in order to be imputed and used as a predictor to impute missing data.

	Leeftijd_totaal Geslacht Lengte Gewicht Total_Bruto_inkomen_S3 Burgerlijke_staat_samen
Opleidingsniveau_samen Migratieachtergrond_Westers_nietWesters Huidig_betaalde_baan 
Verleden_betaalde_baan Total_Huidig_Roken Total_Verleden_Roken Religie_4cat  Gem_beweging_minuten_dag SF_1 SF_2a SF_2b SF_3a SF_3b SF_4a SF_4b SF_5 SF_6a SF_6b SF_6c SF_7  

	Variables additionally included in the imputation method as a predictor to impute missing data (to increase the validity of MAR assumption).

	FoodSecurity_1 FoodSecurity_2 FoodSecurity_3 FoodSecurity_4 FoodSecurity_4a FoodSecurity_5 FoodSecurity_6 FoodSecurity_7 FoodSecurity_8 FoodSecurity_8a FoodSecurity_9 FoodSecurity_10 FoodSecurity_11 FoodSecurity_12 FoodSecurity_13 FoodSecurity_14 FoodSecurity_14a FoodSecurity_15
FoodSecurity_16 

	Model type used for not normally distributed variables
	Predictive mean matching 


	Model type used for categorical variables
	Logistic regression 


Abbreviations: MI, multiple imputation; MAR, missing at random.
	
Supplementary table 4 Socio-demographic and lifestyle factors stratified by food security status in unimputed and imputed data (N=307)

	                                                                                                                                      
	Missing in unimputed data
	Unimputed data
	Imputed data

	
	N (%)
	Median (IQR) or N (%)
	Median (IQR) or N (%)

	
Characteristics                                                         
	
	Total study population
(N =307)
	Food secure participants
(N = 233)
	Food insecure participants
(N = 74)
	Total study participants
(N =307)
	Food secure participants
(N =233)
	Food insecure participants
(N =74)

	Age, years
	16 (5.2)
	37.5 (33.4; 42.1)
	37.0 (33.0; 41.3)
	39.0 (34.0; 43.6)
	37.4 (33.4; 42.1)
	36.9 (32.9; 41.3)
	39.0 (34.0; 43.7)

	Sex, %
   Male 
   Female
	1 (0.3)
	
38 (12.4)

268 (87.6)

	
27 (11.6)
205 (88.4)
	
11 (14.9)
63 (85.1)
	
39 (12.7)
268 (87.3)
	
28 (12.0)
205 (88.0)
	
11 (14.9)
63 (85.1)

	Self-reported BMI1, kg/m2
Weight status2, %
   Normal weight; BMI 18.5-24.9
   Overweight; BMI 25-29.9
    Obese; BMI ≥ 30
	14 (4.6)

14 (4.6)

	27.1 (24.1; 30.5)

92 (31.4)
118 (40.3)
83 (28.3)
	26.9 (24.0; 29.8)

76 (34.1)
93 (41.7)
54 (24.2)
	28.8 (25.5; 32.7)

16 (22.9)
25 (35.7)
29 (41.4)
	27.2 (24.1; 30.5)

96 (31.3)
124 (40.4)
87 (28.3)
	26.9 (24.0; 29.8)

79 (33.9)
97 (41.6)
57 (24.5)
	28.6 (25.5; 32.6)

17 (23.0)
27 (36.5)
30 (40.5)

	Gross monthly income, %
   Above basic needs budget
   Below basic needs budget
	19 (6.2)
	
112 (38.9)
176 (61.1)
	
101 (46.3)
117 (53.7)
	
11 (15.7)
59 (84.3)
	
125 (40.7)
182 (59.3)
	
111 (47.6)
122 (52.4)
	
14 (18.9)
60 (81.1)

	Highest educational attainment, %
   Low; ≤ ISCED 2
   Medium; ISCED 3
   High; ≥ ISCED 4
	5 (1.6)
	
109 (36.1)
108 (35.8)
85 (28.1)
	
72 (31.6)
81 (38.5)
75 (32.9)
	
37 (50.0)
27 (36.5)
10 (13.5)
	
110 (35.8)
111 (36.2)
86 (28.0)
	
73 (31.3)
84 (36.1)
76 (32.6)
	
37 (50.0)
27 (36.5)
10 (13.5)

	Current smoking, %
   Yes 
   No
	4 (1.3)
	
49 (16.2)
254 (83.8)
	
30 (12.9)
202 (87.1)
	
19 (26.8)
52 (73.2)
	
51 (16.6)
256 (83.4)
	
31 (13.3)
202 (86.7)
	
20 (27.0)
54 (73.0)

	Physical and mental health
   PCS; range 0-100
   MCS; range 0-100
	

117 (38.1)

117 (38.1)
	
50.7 (42.0; 54.5)
51.5 (45.3; 57.6)
	
52.2 (44.9; 54.8)
53.5 (47.0; 57.9)
	
43.8 (33.4; 53.5)
46.0 (37.5; 53.7)
	
44.6 (36.1; 53.5)
46.3 (36.0; 54.5)
	
44.5 (36.9; 53.6)
46.2 (36.6; 55.3)
	
42.5 (33.8; 49.5)
43.2 (33.8; 50.4)

	Total diet quality score; range 0-100
	0 (0.0)
	56.3 (50.1; 67.0)3

	56.5 (51.0; 68.1)
	55.7 (44.5; 63.8)
	56.3 (50.1; 67.0)3

	56.5 (51.0; 68.1)
	55.7 (44.5; 63.8)

	Population-specific median diet quality score, %
Low diet quality; ≤56.25
High diet quality; >56.25
	0 (0.0)
	

154 (50.2)
153 (49.8)
	

114 (48.9)
119 (51.1)
	

40 (54.1)
34 (45.9)
	

154 (50.2)
153 (49.8)
	

114 (48.9)
119 (51.1)
	

40 (54.1)
34 (45.9)

	Currently employed, %
   Yes
   No 
	6 (2.0)
	
139 (46.2)
162 (53.8)
	
117 (50.9)
113 (49.1)
	
22 (31.0)
49 (59.0)
	
141 (45.9)
166 (54.1)
	
118 (50.6)
115 (49.4)
	
23 (31.1)
51 (68.9)

	Marital status, %
   Single-parent household
   Two-parent household
	5 (1.6)
	
87 (28.8)
215 (71.2)
	
59 (25.7)
171 (74.3)
	
28 (38.9)
44 (59.5)
	
89 (29.0)
218 (71.0)
	
60 (25.8)
173 (74.2)
	
29 (39.2)
45 (60.8)

	Migration background, %
  Western
  Non-Western
	5 (1.6)
	
60 (19.9)
242 (80.1)
	
51 (22.3)
178 (77.7)
	
9 (12.3)
64 (87.7)
	
63 (20.5)
244 (79.5)
	
53 (22.7)
180 (77.3)
	
10 (13.5)
64 (86.5)

	Religion, %
   Islam
  Christianity 
   Not religious
   Other religion
	26 (8.5)
	
179 (63.7)
45 (16.0)
38 (13.5)
19 (6.8)
	
140 (64.8)
26 (12.0)
33 (15.3)
17 (7.9)
	
39 (60.0)
19 (29.2)
5 (7.7)
2 (3.1)
	
184 (60.0)
51 (16.7) 
45 (14.7)
27 (8.8) 
	
143 (61.4)
30 (12.9) 
38 (16.3) 
22 (9.4) 
	
41 (55.4) 
21 (28.4) 
7 (9.4) 
5 (6.8) 

	Household size, N  
	0 (0.0) 
	4.0 (3.0; 5.0)
	4.0 (3.0; 5.0)
	4.0 (3.0; 5.0)
	4.0 (3.0; 5.0)
	4.0 (3.0; 5.0)
	4.0 (3.0; 5.0)

	Adult/child ratio
	0 (0.0)
	1.0 (0.5; 1.0)
	1.0 (0.5; 1.0)
	0.7 (0.5; 1.0)
	1.0 (0.5; 1.0)
	1.0 (0.5; 1.0)
	0.7 (0.5; 1.0)

	Adult/child ratio, %
   < 1
   1
   > 1
	0 (0.0)
	
153 (49.8)
106 (34.5)
48 (15.6)
	
114 (48.9)
81 (34.8)
38 (16.3)
	
39 (52.7)
25 (33.8)
10 (13.5)
	
153 (49.8)
106 (34.5)
48 (15.6)
	
114 (48.9)
81 (34.8)
38 (16.3)
	
39 (52.7)
25 (33.8)
10 (13.5)

	Abbreviations: IQR, Interquartile range; N, number; BMI, Body Mass Index; ISCED, International Standard Classification of Education; PCS, Physical Component Summary; MCS, Mental Component Summary; m, meters. 
1Calculated based on the self-reported body weight in kilograms (kg) divided by the self-reported body height in meters squared (m2).
2Since only two participants were classified as underweight, this category was merged with normal weight, and therefore only normal weight, overweight and obesity were reported. 
3Population-specific median diet quality score.












Supplementary table 5 Logistic regression analysis of the associations between food insecurity status and participant characteristics within the specific layers of the socioecological model of unimputed and imputed data (N=307)
	
	Unimputed data
	Imputed data

	
	Adjusted OR
	95% CI
	P-value
	Nagelkerke pseudo R2
	Adjusted OR
	95% CI
	P-value
	Nagelkerke pseudo R2

	Personal environment
	
	
	
	0.277
	
	
	
	0.206

	Self-reported BMI1, kg/m2
	1.06
	(0.98; 1.15)
	0.12
	
	1.07
	(1.00; 1.13)
	0.04*
	

	Gross monthly income, %
   Below basic needs budget
   Above basic needs budget
	
Reference
0.99
	

(1.00; 1.00)
	

0.31
	
	
Reference
0.34
	

(0.17; 0.69)
	

<0.01**
	



	Highest educational attainment, %
   Low; ≤ ISCED 2 
   Medium; ISCED 3
   High; ≥ ISCED 4
	

Reference
1.44
0.69
	


(0.84; 2.47)
(0.40; 1.19)
	


0.19
0.18
	
	

Reference
0.88
0.48
	


(0.46; 1.69)
(0.21; 1.15)
	


0.70
0.10
	



	Current smoking, %
   Yes
   No
	
Reference
0.99
	

(0.99; 1.03)
	

0.52
	
	
Reference
0.44
	

(0.21; 0.91)
	

0.03*
	



	Physical and mental health
   PCS; range 0-100
   MCS2; range 0-100
   ≤ 35
   36-46
   47-54
   ≥ 55
	
0.96

Reference
0.833
0.469
0.299
	
(0.92; 0.99)


(0.24; 2.90)
(0.15; 1.52)
(0.09; 1.01)
	
0.02*


0.77
0.21
0.05
	

	
0.99

Reference
1.14
0.98
0.57
	
(0.85; 1.03)


(0.39; 3.35)
(0.34; 2.78)
(0.19; 1.69)
	
0.54


0.82
0.97
0.31
	




	Diet quality2; range: 0 – 100
   ≤ 49
   50-55 
   56-66
   ≥ 67
	
Reference
0.40
0.79
0.34
	

(0.12; 1.34)
(0.28; 2.28)
(0.11; 1.05)
	

0.14
0.66
0.06
	
	
Reference
0.53
0.89
0.53
	

(0.28; 1.44)
(0.40; 1.97)
(0.23; 1.23)
	

0.28
0.77
0.14
	



	Social environment
	
	
	
	0.139
	
	
	
	0.140

	Currently employed, %
   Yes
   No 
	
Reference
2.38
	

(1.29; 4.38)
	

0.01*
	


	
Reference
2.23
	

(1.21; 4.08)
	

0.01*
	



	Marital status, %
   Two-parent household
   Single-parent household
	
Reference
1.79
	

(1.16; 3.32)
	

0.07
	
	
Reference
1.69
	

(1.10; 3.13)
	

0.10
	



	Migration background, %
  Western
  Non-Western
	
Reference
2.48
	

(1.05; 5.85)
	

0.04*
	
	
Reference
2.53
	

(1.02; 5.90)
	

0.03*
	



	Religion, %
   Islam 
   Christianity
   Not religious
   Other religion
Physical environment
  Liveability index3,4, 
   Housing stock
	
Reference
3.01
0.85
0.38


0.33
	

(1.57; 6.02)
(0.36; 2.04)
(0.13; 1.08)


(0.25; 0.43)
	

<0.01**
0.72
0.07


<0.001***
	




0.024
	
Reference
3.12
0.86
0.37


0.33
	

(1.61; 6.18)
(0.34; 2.19)
(0.13; 1.06)


(0.25; 0.43)
	

<0.01**
0.73
0.06


<0.001***
	




0.024

	Overall model 
	
	
	
	0.426
	
	
	
	0.297


Abbreviations: OR, Odds Ratio; CI, Confidence Interval; BMI, Body Mass Index; ISCED, International Standard Classification of Education; PCS, Physical Component Summary; MCS, Mental Component Summary.
1Calculated based on the self-reported body weight in kilograms (kg) divided by the self-reported body height in meters squared (m2).
2Categories based on quartiles.
3Data available for N= 279.
4Index range: (1) very poor (2) poor (3) very unsatisfactory (4) unsatisfactory (5) satisfactory (6) more than satisfactory (7) good (8) very good (9) outstanding.
*p < 0.05, **p < 0.01, ***p < 0.001 for the difference between food-insecure and food-secure households.
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