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Abstract
Non-participation can be a source of selection bias. We evaluated the effect of non-
participation on food insecurity prevalence among 2942 young adults from the 
EPITeen cohort (Portugal), which we have followed since assembling the cohort in 
2003–2004. We conducted a cross-sectional study when the cohort participants were 
26 years old. To examine the effect of non-participation, we statistically imputed the 
missing data on food security status using multivariate imputation by chained equa-
tions based on characteristics associated with food insecurity, specifically household 
income perception, education and household structure from 21 or 24 years of age 
follow-ups. In our cohort, non-participation caused ~ 2% difference in the food inse-
curity prevalence: 11.0% (95% CI 9.0–13.0) for 954 participants and 12.6% (95% CI 
11.1–14.1) after imputation. These estimates are close to evidence from other Euro-
pean countries and sustain the relevance of developing public health interventions 
to promote food security, especially considering the negative nutritional and health 
outcomes associated with food insecurity.
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Key messages

•	 We evaluated the effect of non-participation on the prevalence estimate of 
food insecurity among young adults from a longitudinal population-based 
cohort.

•	 To estimate food security status among non-participants, we used data from 
previous evaluations of a longitudinal cohort to impute missing data using 
multivariate imputation by chained equations.

•	 Non-participation accounted for a ~ 2% decrease in the estimated prevalence 
of food insecurity–after multiple imputations, from 11.0 to 12.6%.

Introduction

Food insecurity, defined as "limited or uncertain availability of nutritionally ade-
quate and safe foods or limited or uncertain ability to acquire acceptable foods 
in socially acceptable ways" [1]—is an important public health problem and one 
attracting more attention. Although the research community observed consider-
able prevalence of food insecurity among young adults in Portugal during 2011 
to 2013—a period of economic crisis (43.7% [2]), they reported lower estimates 
in this population group for 2015–2016 (8.6% [3]). Food insecurity constitutes an 
important concern, especially based on recent reports that 10.1% of Portuguese 
families experienced food insecurity in 2015–2016 [4].

Investigators have associated food insecurity with negative health outcomes 
[5–8] and young adults, mainly due to the economic vulnerability characteristic 
of this life period [9], are more likely to experience food insecurity than other age 
groups [10–12]. The vulnerability of young adults reinforces the importance of 
gathering evidence-based knowledge about them to inform development of appro-
priate public health policies.

Valid estimates of food insecurity are key features of that knowledge. In epide-
miological research, non-participation may represent a source of selection bias, 
affect both the internal and external validity of the study, and could make difficult to 
understand its real effect [13]. Participants may differ from non-participants. Among 
the reasons for non-participation are time constraints and low rates of willingness 
to participate in studies [14, 15]. These factors have contributed also to a decrease 
in the retention of participants, mainly in longitudinal studies [16]. Research shows 
that individuals with low levels of education, and those of low socioeconomic status, 
are less likely to participate or more likely to drop out of a study [17, 18]. How-
ever, low rates of participation do not necessarily represent a loss of validity, but 
the potential risk of it [16]. In aiming to assess the prevalence of food insecurity, 
non-participation may have an important effect, especially because the factors noted 
above related to non-participation are also determinants of food insecurity [19–21].
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Therefore, we used a population-based cohort, the EPITeen cohort study, to 
evaluate the effect of non-participation on the food insecurity prevalence esti-
mate in young adults. We applied a statistical technique to replace missing values 
on food security status with values produced by imputation based on available 
information.

Methods

Study design and participants

This is a cross-sectional study conducted as part of the Epidemiological Health 
Investigation of Teenagers (EPITeen) cohort in Porto, Portugal. The EPITeen is a 
population-based cohort assembled to study growth, development, and health in ado-
lescents born in 1990 who attended public and private schools in Porto, Portugal, as 
described elsewhere [22]. At baseline (in the school year of 2003–2004), 2159 ado-
lescents agreed to participate (77.5%) [22]. A second evaluation of the cohort took 
place when individuals reached 17  years of age, in school year 2007–2008, with 
1716 participants (79.5%). The cohort also enrolled an additional 783 adolescents, 
also born in 1990, who had moved to Porto schools after the baseline evaluation. 
The cohort carried out additional follow-up evaluations at 21 (2011–2013) and 24 
(2014–2015) years of age, evaluating 1764 and 1094 participants, respectively. For 
the present study, when the cohort was 26 years of age, in March and April 2016, we 
evaluated the cohort with the specific purpose of to assess food security status [23].

We obtained ethical approval for the EPITeen study from the Ethics Committee 
of the São João University Hospital, Porto, the Institute of Public Health of the Uni-
versity of Porto, and the Portuguese Data Protection Authority. We developed poli-
cies and procedures to guarantee data confidentiality and protection. We obtained 
written informed consent for participation in all evaluations from participants, and 
also from parents of the adolescents at 13 and 17 years of age. For the food security 
status assessment, and depending on the method of data collection, cohort partici-
pants provided consent online, after signing onto the web-based platform, or orally.

Data collection

At the time of the food security status evaluation, we collected information on soci-
odemographic characteristics: education (completed years of formal schooling), 
household structure, and household income perception. We classified household 
structure as follows: (1) parents-based nuclear family (participant and parent(s), or 
siblings, or all), (2) participant-based nuclear family (index young adult and that 
person’s partner, or children, or both), (3) extended family (comprising all family 
members beyond the nuclear family), and (4) others (comprising individuals who 
reported living alone and those who lived with other individuals–for instance, living 
only with non-family members or living with family and non-family members). We 
collected data on the household income perception using a four-option question with 
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responses: ‘insufficient’, ‘need to be careful about expenses’, ‘enough to meet needs’ 
and ‘comfortable’. For statistical analysis, we created a binary variable by combin-
ing the categories ‘need to be careful about expenses’, ‘enough to meet needs’, and 
‘comfortable’ into ‘sufficient’ category to adjust for household income perception.

We assessed food security status using the United States (US) Household Food 
Security Survey Module: Six-Item Short Form [24], translated into Portuguese by 
the research team (Cronbach’s alpha = 0.753). The US Household Food Security 
Survey Module: Six-Item Short Form comprises six questions related to the previ-
ous 12 months; we asked individuals whether they were able to afford the food they 
needed. The total raw score corresponded to the sum of affirmative responses for 
each of the six questions. We classified households as ‘food secure’ if the number 
of affirmative responses was equal to, or less than one; or as ‘food insecure’ if we 
obtained two to six affirmative responses [24].

Identification of participants and non‑participants

Among the 2942 cohort participants, we registered six deaths. We found no active 
contact information for 326 participants. Of the remaining participants, 2352 had 
provided updated e-mail addresses and the study team sent each a link to the web-
based questionnaire; for 258 participants for whom we had no e-mail address, the 
study team made telephone contact and invited those participants to answer a com-
puter-assisted telephone interview (CATI). The proportion of cohort participants 
who answered through the web-based questionnaire was 37.1%, for CATI it was 
31.4% (p = 0.070).

A sample of 957 individuals responded to the questionnaire. Of those, 3 people 
had missing data on food security status. In the final sample of 954 individuals, 873 
(91.5%) answered using the web-based questionnaire, and 81 (8.5%) through CATI.

From the total of 2942, after excluding 6 deaths and the 954 participants, a sam-
ple of 1982 was considered as non-participants as they have missing data on food 
security status.

Considering the determinants of food insecurity identified in this population 
group, we used data on education, household structure, and household income per-
ception from previous follow-up evaluations of the EPITeen cohort to impute food 
security status for non-participants.

Statistical analysis

We described continuous variables as mean and standard deviation (SD), and cat-
egorical variables as counts and proportions. We compared means using Student’s 
T-test, and for proportions, we used the Chi-square test. We assessed food insecurity 
determinants in the 954 participants of the 26-year-old evaluation. For that purpose, 
we applied logistic regression models (crude and adjusted for education, household 
structure and household income perception) and calculated odds ratios (ORs) and 
95% confidence intervals (95% CIs).
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To estimate the effect of non-participation on food insecurity prevalence, we took 
data on education (n = 948), household income perception (n = 920) and household 
structure (n = 938) from the 21- and 24-year-old evaluation and we used the most 
recent information for each variable to perform multiple imputations of missing 
values in the food security status. To impute missing data on food security status, 
we used multivariate imputation by chained equations (MICE). The MICE pack-
age [25] creates multiple imputations for multivariate missing data, based on Fully 
Conditional Specification [26]. In this study, we used MICE under the assumption 
that given variables used in the imputation procedure, missing data occur at ran-
dom [27], or in other words assuming that the probability of having a missing value 
depends only on observed values and not on unobserved [27, 28].

We carried out the process of multiple imputation in three main steps: imputa-
tion, analysis, and pooling. In the first step, we replaced missing values with plau-
sible values drawn from a distribution specially modelled for each missing value, 
based on the observed data, and different imputed datasets were obtained [26, 29]. 
In the second step, we estimated food security status from each imputed dataset. In 
the third step, we pooled results of the different imputed datasets [26, 30].

This process was repeated for the three tested models, considering the number 
of variables associated with food insecurity not missing for each non-participant; 
that is, with a guarantee that at least one, two, or three variables per non-participant 
were available for the analysis. In the end, we determined an overall food insecurity 
prevalence for each of the three tested models.

Finally, we performed a sensitivity analysis using the most recent data from the 
follow-up evaluation of the cohort at 24 years of age.

We performed statistical analysis using SPSS Statistics 25.0 and the software R 
3.4.3, mice package 3.5. We adopted a significance level of 5%.

Results

In the sample of 954 participants, the prevalence (95% CI) of food insecurity was 
11.0% (9.0–13.0). Cohort characteristics shown to be significantly associated with 
food insecurity were education, household income perception, and household struc-
ture (Table 1). The results were similar for both methods of data collection: CATI 
and web-based questionnaire.

In comparing 954 participants who have information on food security status with 
the 1982 non-participants for whom such information was missing, we observed that 
participants were more often women than men (58.3% vs. 47.9%; p < 0.001), and 
had more years of schooling [mean (SD) = 13.8 (1.7) vs. 12.8 (2.2); p < 0.001]. Par-
ticipants were less likely to report an insufficient household income (5.6% vs. 9.6%; 
p = 0.011) and their parents had more years of schooling [11.6 (4.5) vs. 9.9 (4.6) 
years of schooling; p < 0.001] as compared to non-participants (Table 2). Based on 
sensitivity analyses, for non-participants we observed no differences as to household 
income perception and education (as a categorical variable: < 12, 12 or > 12 years of 
schooling) when comparing the cohort at 21 and at 24 years of age. The proportion 
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of individuals living in a parents-based nuclear family at 26 years of age (55.6%) 
was lower for participants than their counterparts at 21 or 24 years of age (69.3%).

Characteristics of the cohort with which we performed imputations are shown in 
Table 3. After imputing missing data in the models with at least one, two or three 
variables used for multiple imputation not missing, the overall food insecurity prev-
alence estimates were 12.5% (95% CI 11.1–14.0), 12.5% (95% CI 11.0–14.0) and 
12.6% (95% CI 11.1–14.1), respectively (Table 4). We considered as the most appro-
priate the model where at least three variables were available for the analysis. We 
performed a sensitivity analysis using data from the most recent follow-up evalua-
tion (of 24 year olds), and obtained a similar prevalence of food insecurity of 11.1%, 
10.8% and 11.8%, for the models guaranteed at least one, two or three variables are 
available, respectively.

Discussion

We observed a high proportion of non-participation (63%) in the EPITeen cohort. 
The differences between participants and non-participants, particularly in character-
istics associated with food insecurity (such as education, household structure and 
household income perception), reinforced the need to evaluate the effect of non-par-
ticipation on the food insecurity prevalence estimates. This is particularly important 
among young adults—a population group vulnerable to food insecurity, because of 
the economic vulnerability characteristic of this period of life [9].

A review of the literature pointed out that researchers should acknowledge non-
participation in the studies, and if non-participation is caused by data missing at ran-
dom, researchers may use multiple imputation to replace missing values [31]. In our 
study, those who participated and had data on food security status were more edu-
cated and from a higher socioeconomic status, while those non-participants (with 
missing data) were less educated and from a lower socioeconomic status (educa-
tion and socioeconomic status are determinants of (non) participation). Thus, and 
in line previous evidence [27], we consider that missing were at random, as the 
possible differences between having missing and food security status values could 
be explained by the observed sociodemographic variables (in the case of our study, 
education, household income perception and household structure), which can be 
seen as a proxy of the individuals’ socioeconomic status. For public health profes-
sionals and policy implication, this is important because can be seen as a way to 
assess the validity of the food insecurity estimates.

We found the determinants of food insecurity (education, household structure and 
household income perception) to be similar using two methods of data collection. 
We recognize the need to compare the two methods of data collection, because some 
methods could lead to social desirability bias, especially for sensitive topics as food 
insecurity is.

Although some sociodemographic characteristics, namely education and house-
hold structure, were not significantly associated with food insecurity, in the CATI 
group, the direction of the associations remained and these results probably reflect 
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the insufficient power to detect significant differences. Thus, we decided to use 
the information on education, household structure and household income percep-
tion from previous follow-up evaluations—derived by face-to-face interviews—to 
impute missing data on food security status.

We computed three models for imputation of the missing data on food security 
status. Despite seemingly similar results, we considered the model using at least 
three associated variables as not missing to be the most appropriate one. The justifi-
cation is that all the available variables used for imputation could lead to a more reli-
able estimate of the food security status of the young adults’ household. Thus, after 
multiple imputations, the prevalence of food insecurity was 12.6%, and not consid-
erably differ from the prevalence of food insecurity we evaluated (11.0%). So, non-
participation introduced a near 2% difference in the prevalence of food insecurity; 
we believe that the generalizability of study results is not impaired [32], supporting 
the validity of the estimate.

We anticipated a huger impact of non-participation on the prevalence of food 
insecurity, as use of data from the 21 and 24 years of age follow-ups could not repre-
sent the real situation at 26 years. However, a sensitivity analysis suggested stability 
in these variables among non-participants, supporting its use for multiple imputation 
of the missing data on food security status.

Table 2   Characterization of non-participants and participants on the food security status evaluation

a Comprises all family members beyond the nuclear family
b Comprises participants living alone, living only with non-family members or participants living with 
family and non-family members
c Mean (standard deviation)

n (%) Non-participants 
(n = 1982)

Participants (n = 954) p-value

Sex  < 0.001
 Women 949 (47.9) 556 (58.3)
 Men 1033 (52.1) 398 (41.7)

Household income perception 0.011
 Insufficient 86 (9.6) 47 (5.6)
 Need to be careful about expenses 307 (34.2) 287 (34.1)
 Enough to meet needs 300 (33.4) 287 (34.1)
 Comfortable 205 (22.8) 220 (26.2)

Household structure 0.038
 Parents-based nuclear family (Partici-

pant + parents and/or siblings)
678 (75.5) 647 (77.7)

 Participant-based nuclear family (Par-
ticipant + partner and/or children)

38 (4.2) 17 (2.0)

 Extended familya 142 (15.8) 141 (16.9)
 Othersb 40 (4.4) 28 (3.4)

Education (years) 12.8 (2.2)c 13.8 (1.7)c  < 0.001
Parental education (years) 9.9 (4.6)c 11.6 (4.5)c  < 0.001



399The effect of non‑participation on the prevalence of food…

The household structure variable showed differences throughout evaluations, as 
we expected in this period of the life span [33]. The potential protective effect of 
living with parents seems to reduce the risk of food insecurity for non-participants 
and contribute to the slight difference of the prevalence of food insecurity observed. 
Nevertheless, to assess the potential influence of using data from previous evalua-
tions (at 21 and 24 years of age) for food security status imputation, we performed a 
sensitivity analysis using the most recent data; the results were similar.

To the best of our knowledge, there are no previous studies assessing the effect of 
non-participation on the prevalence of food insecurity, limiting further comparison. 
We examined research on other topics, such as on smoking trends or HIV prevalence 

Table 3   Sociodemographic 
characteristics used for the 
imputation of the food security 
status for non- participants 
(n = 1982)

a Comprises all family members beyond the nuclear family
b Comprises participants living alone, living only with non-family 
members or participants living with family and non-family members
c Mean (standard deviation)

n (%)

Household income perception
 Insufficient 78 (8.5)
 Need to be careful about expenses 302 (32.8)
 Enough to meet needs 317 (34.4)
 Comfortable 223 (24.2)

Household structure
 Parents-based nuclear family (Participant + parents 

and/or siblings)
650 (69.3)

 Participant-based nuclear family (Participant + partner 
and/or children)

76 (8.1)

 Extended familya 141 (15.0)
 Othersb 71 (7.6)

Education (years) 13.2 (2.6)c

Table 4   Prevalence of food insecurity according to the models used for multiple imputation

a Education or household structure or household income perception
b Education and household structure or household structure and household income perception or educa-
tion and household income perception
c Education and household structure and household income perception

Food security n (%) Food insecurity n (%)

Food security status before imputation (n = 954) 849 (89.0) 105 (11.0)
Food security status after imputation
 Guarantee of at least one associated variablea (n = 1915) 1675 (87.5) 240 (12.5)
 Guarantee of at least two associated variablesb (n = 1900) 1663 (87.5) 237 (12.5)
 Guarantee of at least three associated variablesc\ 

(n = 1853)
1619 (87.4) 234 (12.6)
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[34, 35], showing that non-participation (or missing data) can be a source of bias. 
Hence, the use of data from a population-based cohort to explore the effect of non-
participation on the food insecurity prevalence provides a unique opportunity to assess 
the effect of non-participation and the possibility of selection bias among this cohort 
of young adults. We believe this represents an important strength of this study. We 
also consider the use of MICE to assess the effect of non-participation in food inse-
curity prevalence as a strength. Contrary to other methods of imputation, this method 
can utilize different types of variables, continuous or categorical [25]. This method 
can create multiple imputations, rather than single one, accounting for the statistical 
uncertainty in the imputations [25], thus overcoming the limitations of other methods 
[29, 36]. Another strength is use of two methods for data collection (designed to reach 
more participants [37]) compared to use of a single method. Also important is the lack 
in differences in the proportion of participation in the two methods.

The present study also had limitations. After food security status imputation, data 
were still missing for between 35 and 37% (depending on the model that guaran-
tees at least one, two or three associated variables as not missing). We believe we 
used the best possible approach, by using characteristics from previous evaluations 
of the cohort to perform the imputation of the missing data on food security status. 
Non-participants were more likely to be from low socioeconomic strata [17, 18], 
and, therefore, more likely to be vulnerable to food insecurity. Among young adults’ 
cohorts, it was already expected a low participation proportion, also common in 
other population-based cohorts with several evaluation throughout time.

Conclusion

We obtained a prevalence of food insecurity of 12.6%, according to the model that 
guaranteed at least three variables not missing. For our cohort, non-participation did 
little to impair the internal validity of the study. On food security status assessment, 
evaluation of the impact of non-participation is of utmost relevance as it may affect 
the validity of the food insecurity prevalence estimates, which ultimately might 
affect public health policy and practice.
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