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Abstract:
Consumption of ultra-processed foods (UPF) is a growing concern due to its negative impact on diet quality and health outcomes. To our knowledge, no data on UPF consumption are available for specific racial/ethnic children, including Black children, in Canada. This cross-sectional study aimed to explore the social determinants of UPF consumption among Black children of African and Caribbean descent in Ottawa. It included 174 mothers born in the Caribbean or Sub-Saharan Africa and their children aged 6 to 12. A survey was administered to assess demographic and socio-economic characteristics of mothers, children and households. Children's dietary intakes were evaluated with a 24-hour dietary recall to calculate the proportion of energy from UPF according to the NOVA food classification system. ANOVA and two-step cluster analysis were performed. Identified clusters were compared using Chi-square and Student’s t-tests. Findings indicate that children whose mothers had been living in Canada longer (p<0.001), whose mothers were family-class immigrants (p=0.005), and whose households were food secure (p=0.049), consumed more UPF than their respective counterparts. Cluster analysis revealed two profiles, named settling and established, reinforcing previous associations. Children in the established profile had a mean energy intake from UPF 9% higher than those in the settling profile (p=0.006). This study provided initial findings on the social determinants of UPF consumption among Black children of African and Caribbean descent. It suggests that immigration-related factors and household food security status shaped UPF consumption of these children.
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Résumé:
La consommation d'aliments ultra-transformés (AUT) est une préoccupation croissante en raison de ses effets négatifs sur la qualité de l'alimentation et l'état de santé. À notre connaissance, aucune donnée chez les enfants n’est disponible selon différents regroupements raciaux/ethniques, incluant pour les enfants noirs au Canada. Cette étude transversale visait à explorer les déterminants sociaux de la consommation d’AUT chez des enfants noirs d'origine africaine et caribéenne à Ottawa. Elle incluait 174 mères nées dans les Caraïbes ou en Afrique subsaharienne et leurs enfants âgés de 6 à 12 ans. Un questionnaire a été administré pour évaluer les caractéristiques démographiques et socio-économiques des mères, des enfants et des ménages. Les apports alimentaires des enfants ont été évalués à l'aide d'un rappel alimentaire de 24 heures permettant de calculer la proportion d'énergie provenant d'AUT conformément au système de classification des aliments NOVA. Des ANOVA et une analyse de clusters two-step ont été réalisées. Les regroupements identifiés ont été comparés à l'aide des tests du chi carré et de tests de Student. Les résultats indiquent que les enfants dont les mères résidaient au Canada depuis plus longtemps (p<0,001), dont les mères étaient des immigrantes de la catégorie de regroupement familial (p=0,005), et dont les ménages étaient en situation de sécurité alimentaire (p=0,049), consommaient davantage d’AUT que leurs homologues respectifs. L'analyse de clusters a révélé deux profils d'enfants, nommés «en processus d’établissement» et établi, renforçant les associations précédentes. Les enfants du profil établi avaient un apport énergétique quotidien moyen provenant des AUT 9% plus élevé que ceux du profil «en processus d’établissement» (p=0.006). Cette étude fournit de premiers résultats sur les déterminants sociaux de la consommation d'AUT chez des enfants noirs d'origine africaine et caribéenne. Cette étude suggère que les facteurs liés à l’immigration et le statut de sécurité alimentaire des ménages ont influencé la consommation d'AUT de ces enfants.
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Introduction:
In recent years, racism has been recognized as a major social determinant influencing the health of racialized people in Canada (Public Health Agency of Canada, 2020). It is essential to emphasize that the concept of race, on which racism is built, is based on the arbitrary, and biologically unfounded, classification of individuals according to their physical characteristics, such as skin colour (Winant, 2000). In Canada, Black people are, to this day, affected by health and social inequities due to discrimination at many levels in society (individual, interpersonal, institutional, and societal). In addition, other forms of discrimination shape their lives according to their multiple identities including gender, age, sexual orientation, religion, language, immigration status, place of birth, socio-economic status, and so on (Statistics Canada, 2019; Public Health Agency of Canada, 2020; Mooten, 2021).
Precisely, Black people (immigrant or not) are more likely to have obesity and various diet-related chronic diseases, such as hypertension and diabetes, than white people in Canada (Leenen et al., 2008; Chiu et al., 2010; Patterson and Veenstra, 2016; Veenstra and Patterson, 2016; Gagné and Veenstra, 2017; Khan et al., 2017; Veenstra, 2019; Public Health Agency of Canada, 2020). In 2022, the prevalence of household food insecurity among Black households (38%) was also the highest among all racial/ethnic groups (excluding Inuit) using the 2021 Canadian Income Survey (Uppal, 2023). Furthermore, in recent years, there has been growing concern about the consumption of ultra-processed foods (UPF) as there is a broad consensus that their consumption decreases overall diet quality and increases risk of adverse health outcomes like obesity, type 2 diabetes, depression, cardiovascular disease, and all-cause mortality (Martini et al., 2021; Pagliai et al., 2021; Louzada et al., 2022; Zhang et al., 2022; Barbaresko et al., 2024; Vitale et al., 2024). However, very little data is currently available on the UPF consumption of Black people, due to major knowledge gaps regarding their diet and health in Canada, and this lack of data is even more striking for children (Bates et al., 2017; Khan et al., 2017; Public Health Agency of Canada, 2020). The only study that assessed UPF consumption among Black adults in Canada used the 2004 and 2015 Canadian Community Health Survey (CCHS) data. It showed a decrease in the share in percentage of daily energy intake (%E) from UPF from 51% in 2004 to 39% in 2015 in Black adults and a lower %E from UPF among Black adults than among their white counterparts, but solely in 2015. To our knowledge, even if UPF consumption is generally highest among children (Polsky, Moubarac and Garriguet, 2020), no data are available among specific racial/ethnic children, including Black children, in Canada. 
Furthermore, previous research suggests that UPF consumption varies according to several social determinants. Age is a major determinant, with younger individuals typically consuming more UPF than older individuals (Dicken, Qamar and Batterham, 2023). In Canada, adult and adolescent males have higher UPF consumption compared to females. However, this pattern differs between countries and across studies (Polsky, Moubarac and Garriguet, 2020; Dicken, Qamar and Batterham, 2023). Consumption also varies by race and ethnicity; in Canada in 2015, Black adults had the third-highest UPF consumption, after Indigenous and white adults (Djupegot et al., 2017; Dicken, Qamar and Batterham, 2023; Olstad et al., 2023). Furthermore, immigration status affects UPF consumption; Canadian-born consume more UPF than foreign-born (Nardocci et al., 2019; Nardocci, Polsky and Moubarac, 2021; Dicken, Qamar and Batterham, 2023). In the U.S., UPF consumption among immigrants was shown to increase with their length of residency (Steele et al., 2020). Yet, to our knowledge, no research has examined differences based on immigration category. Moreover, since Black immigrants from Africa and the Caribbean face varying socio-economic conditions and discrimination in Canada (Houle, 2020; Public Health Agency of Canada, 2020), their region of birth might also impact UPF consumption. Education levels and income have also been shown to influence UPF consumption differently across countries (Djupegot et al., 2017; Nardocci, Polsky and Moubarac, 2021; Pachipala et al., 2022; Dicken, Qamar and Batterham, 2023; Carroll et al., 2024). In Canada, lower education and higher income have been linked to higher UPF consumption (Nardocci, Polsky and Moubarac, 2021; Dicken, Qamar and Batterham, 2023). Household size generally showed no significant impact on consumption (Blanco-Rojo et al., 2019; Dicken, Qamar and Batterham, 2023). In Canada, another study showed that severe food-insecure individuals consumed more UPF than the food-secure, regardless of age or gender (Hutchinson and Tarasuk, 2022). In the U.S., children whose parent lived with a spouse or partner consume less UPF (Carroll et al., 2024).
Poor eating habits in childhood, such as high UPF consumption, can negatively impact children’s immediate health, and may also persist and potentially affect their long-term health into adulthood (Braveman and Barclay, 2009; Mahmood et al., 2021). Yet very little information is available on the social determinants of UPF consumption among children and none among Black children. Therefore, the aim of this descriptive study was to explore the social determinants of UPF consumption among school-aged Black children of African and Caribbean descent in Ottawa. Specifically, the objectives were to identify social determinants associated with high %E from UPFs, and profiles of these children in terms of their social determinants.
Materials and methods:
Sampling and recruitment
Data collection was conducted between January 2014 and April 2015 as part of a mixed-method study documenting the influence of social determinants and acculturation on the nutritional health of school-aged children of African and Caribbean descent. As described elsewhere (Blanchet et al., 2017), participants’ mothers or caretakers were recruited by non-probability sampling methods, at community gatherings, religious gatherings and fairs, or by word-of-mouth from participants, community partners or members of the research team.
Inclusion criteria of this secondary analysis were self-identifying as a Black woman, being born in the Caribbean or Sub-Saharan Africa, being able to converse sufficiently in French or English, having a child aged between 6 and 12 years old, and living in Ottawa, Canada. Women were selected as family representatives as studies have shown that they play a predominant role in food selection and meal preparation for their children, independent of their ethnic or racial background (Marquis and Shatenstein, 2005; Garnweidner et al., 2012). In few cases, participants were an aunt (n=1) or a grandmother (n=1) of the child. However, for convenience, we will refer to all participants as mothers. If more than one child was eligible, one was selected randomly. In one case, during the data collection, we learned that the child was not yet 6 years old, but it was almost his birthday. This child was therefore included even though he was 5 years old. Six mother and child dyads were excluded from the sample due to missing data regarding household food security (n=5) or frequency of experience of perceived discrimination (n=1), which left 174 mother-child dyads for the present analyses.
The initial study was approved by the Research Ethics Boards of the University of Ottawa and this study protocol was approved by the Comité d’éthique de la recherche en sciences et en santé (CERSES) of Université de Montréal (#2024-6009). Informed written consent and assent were provided from the mothers and children respectively. Participating mothers received a $25 grocery store gift certificate as compensation of their participation.
Measures and variables:
The survey was administered by dietitians, with the help of a research assistant whenever possible, during a single face-to-face individual interview lasting around 90 minutes. The questionnaire (including the 24-hour dietary recall) was previously tested with three immigrant and two Canadian-born mothers to ensure comprehension and acceptability. Interviews were conducted in the official language (French or English) of choice of the mother and child. The research team offered the possibility of meeting participants at a time and place of their convenience. Most meetings were therefore held at the participants' homes. However, some meetings were held at the research laboratory or in a neutral location (e.g., church, library, community centre). These locations guaranteed the necessary security and confidentiality for the participants and their children.
Social determinants of health (independent variables)
The research team administered a survey to the mothers, collecting their demographic and socio-economic characteristics (e.g., place of birth, marital status, date of arrival in Canada, household income, employment status) and those of their children (e.g., age, sex).
Dietary intake
Dietitians conducted the 24-hour dietary recalls measuring children's dietary intakes using Health Canada's 2004 adaptation of the Automated Multiple-Pass Method (AMPM) (Office of Nutrition Policy and Promotion and Health Products and Food Branch, 2006). The questions were addressed to children, but mothers (and other family members) could complete answer to increase completeness and add supplementary information as needed (Eck, Klesges and Hanson, 1989; Office of Nutrition Policy and Promotion and Health Products and Food Branch, 2006; Health Canada, 2017). Food models (Nasco Nutrition, no date) and culinary instruments (e.g., measuring cups and spoons) were used to help participants estimate quantities of food ingested. 
Dietary recalls were then analyzed with ESHA Food Processor SQL version 11.0.137 (ESHA Research, 2016), using nutritional values available in the 2015 Canadian Nutrient File (Health Canada, 2016). When the nutritional values of certain foods were not available in the latter, other sources such as the United States Department of Agriculture (USDA) database were used (U.S. Department of Agriculture, no date). Also, some new or cultural foods were added manually, using the nutritional values provided by their manufacturers.
NOVA food classification (dependent variable)
Foods and beverages consumed by children were classified according to the NOVA (a name, not an acronym) food classification system, which categorizes all food and beverages into four categories according to the degree and nature of their processing (Monteiro et al., 2016, 2018). These are described as follows: [1] The unprocessed or minimally processed foods category (e.g., fruits, vegetables, nuts, meats, eggs, plain yogurt, flour, coffee); [2] The processed culinary ingredients category (e.g., butter, oil, salt, vinegar, maple syrup); [3] The processed food category (e.g., fresh cheese and bread, canned vegetables, cured or smoked meats, salted nuts, fruit in syrup); [4] The UPF category (e.g., soft drinks, frozen convenience foods, reconstituted meats, industrial breads, potato chips, breakfast cereals) (Monteiro et al., 2016, 2018). It was then possible to convert each food and beverage into kilocalories to ultimately calculate the children's daily energy intake (%E) from UPF (Category 4).
Treatment of outliers and extreme values
In compliance with recommendations concerning the processing of dietary intake data, no extreme data (below or above expected dietary intakes) were eliminated (Lee et al., 2021). Only data deemed impossible, such as negative data, were eliminated (Lee et al., 2021).
Statistics                                                                                                                                                                                                                                                                                                                                                   
Statistical analyses were conducted using IBM SPSS Statistics (version 29.0.1.0) (‘IBM SPSS Statistics for Mac’, 2022). Data not normally distributed were transformed. The significance level was fixed at 5% (p<0.05) for all analyses. Absolute (n) and relative frequency (%), means and standard deviations, and geometric means and geometric standard deviation were calculated to describe the characteristics of the sample. Welch’s and classic one-way analysis of variance (ANOVA) were performed to evaluate bivariate relationships between the characteristics of mothers, children and households with children's %E from UPF. Post-hoc Tuckey tests were also performed to determine which groups were significantly different from each other when the ANOVA was significant.
[bookmark: _Hlk191582566]Two-step cluster analysis was performed to explore the natural groupings of participants based on shared characteristics, their social determinants of health in this case. This method is a hybrid clustering approach that first uses a sequential approach to pre-cluster cases based on a distance measure and then merges them with a probabilistic approach to automatically select the optimal number of subgroup models (Gelbard, Goldman and Spiegler, 2007; Kent, Jensen and Kongsted, 2014; Benassi et al., 2020). One of the advantages of this method is that the algorithm can simultaneously handle both categorical and continuous variables (Gelbard, Goldman and Spiegler, 2007; Kent, Jensen and Kongsted, 2014; Benassi et al., 2020). The variables included in the model were: children’s age (treated as a continuous variable) and sex (girls/boy), mothers’ age (treated as a continuous variable), region of birth (Sub-Saharan Africa/Caribbean), highest level of education achieved (less than a postsecondary diploma/trade school, college or other non-university institution certificate or diploma/university certificate or diploma), matrimonial status (married or common law/single, separated, divorced or widowed), length of residency in Canada (categorized as very recent migrants (< 5 years)/ recent migrants (≥ 5 years to < 10 years)/ established migrants (≥ 10 years)), immigration categories (economic/ family class/ asylum seekers, refugees and humanitarian cases (as defined in Table 1)), frequency of perceived discrimination (never or rarely/ sometimes, often or always), currently working (yes/no), currently studying (yes/no), and household income (< 20 000$/ 20 000$ to < 40 000$/ 40 000$ to < 60 000$/ 60 000$ to < 80 000$/ ≥ 80 000$/ don't know/ refuse to answer), number of children in the household (1 child/ 2 children/ 3 children/ ≥ 4 children) and household food security status (food secure/ food insecure). Children sex was used as a proxy for gender. Food security status was assessed with the Household Food Security Survey Module (Tarraf et al., 2018). During data collection, household income was recorded in $10 000 increments. To facilitate comparisons and address small sample sizes in some categories, we further regrouped them into $20 000 increments. We conducted sensitivity tests excluding 'don’t know' and 'refused' categories for household income. However, since results were qualitatively similar, we decided to keep these categories in all analyses to avoid excluding dyads from our analyses. The log-likelihood distance measure used in the two-step cluster analysis assumes that all variables and cases are independent. While each case was independent, all variables were somewhat related with at least one other as revealed by the Chi-square tests performed between mothers’, children’s and households’ variables.
Identified clusters were compared using Chi-square and Student’s t-tests, based on the variable type. Hedges’ correction was performed to evaluate the effect size of the difference in UPF consumption between clusters (Carson, 2004). The sample sizes for each cluster were large enough to disregard the normality assumption (n>30). In addition, the observations in the two groups were independent. The null hypothesis of homogeneity of variances was rejected as appraised by Levene’s test for equality of variance (p=0.037).
Results:
Sample characteristics
Table 2 describes the characteristics of mothers, children and households. Children’s ages ranged from 5 to 12 years, with a geometric mean of 9 years (geometric SD=1). Sex distribution was almost equal with 48% girls and 52% boys. Mothers’ ages ranged from 25 to 55 years, with a mean of 39 years (SD = 6). Two thirds (66%) of participating mothers were born in Africa, and one third (34%) in the Caribbean. Two thirds (67%) of mothers reported never or rarely experiencing discrimination. The rate of household food insecurity in this sample was 45%. UPF were consumed by 99% of children, and their daily %E from UPF ranged from 0 to 93%, with a mean of 56% (SD = 18).
Correlates of %E from UPF
Children's %E from UPF was positively associated with mothers’ length of residency in Canada (p<0.001, Table 2). Children of established migrant mothers had significantly higher %E from UPF than those of recent and very recent migrant mothers (p=0.032 and p<0.001, respectively). Children's %E from UPF differed according to immigration categories (p=0.005). %E from UPF was significantly higher for family class immigrants than for economic immigrants (p=0.010) and for asylum seekers, refugees and humanitarian cases (p=0.011), but there was no difference between economic immigrants and asylum seekers, refugees and humanitarian cases. Household food insecurity was related to a significantly lower %E from UPF among children (p=0.049). There were no other differences in children's %E from UPF according to characteristics of children, mothers or households.
Clusters characteristics and %E from UPF
The two-step cluster analysis identified two clusters that we named settling and established. The clustering solutions had a cohesion and separation silhouette measurement of 0.2. The relative importance of each variable for the estimated model are presented in Figure 1. The settling cluster accounted for 36% (n=62) of the sample, and the established cluster for 64% (n=112). Characteristics of the two clusters are presented in Table 2. 
Children in the settling cluster consumed on average 50% (SD=20) of their daily energy as UPFs. Regarding the characteristics of their mothers, they had a mean age of 37 years, and most of them were born in Sub-Saharan Africa (92%), had less than a postsecondary diploma (48%), were very recent migrant (69%), were currently studying (79%), were not working (87%), were economic migrants (42%) or asylum seekers, refugees or humanitarian cases (50%), had very low household income (45% < 20 000$), were living in food-insecure households (55%), and had many children (37% had ≥ 4 children).
Comparatively, children in the established cluster consumed on average 59% (SD=17) of their daily energy as UPFs. Also, their mothers had a mean age of 40 years, half of them were born in Sub-Saharan Africa (51%) and the other half, in the Caribbean (49%). Most mothers had post-secondary education (92%), were established migrants (60%), were currently working (83%), were not studying (90%), had high household income (22% ≥ 80 000$), were food-secure (61%) and had fewer children (44% had 2 children). Regarding their immigration category, a similar proportion of mothers were family class migrants (38%), asylum seekers, refugees or humanitarian cases (34%), and economic migrant (29%).
When comparing the two clusters, children in the settling cluster consumed a lower %E from UPF than children in the established cluster (p=0.006). However, the clusters’ difference effect size was small according to Hedges’ correction (g=0.460). Children in the settling cluster were more likely to have a mother who was younger, born in Sub-Saharan Africa, had less than a post-secondary diploma, was a very recent immigrant, was not currently working and was currently studying (p<0.001, except mothers’ age; p=0.003). At the household level, children in the settling cluster were more likely to live in lower income and food insecure households (both p<0.001), as well as in households with more children (p<0.048).
Discussion:
This study explored the social determinants of UPF consumption among school-aged Black children of African and Caribbean descent in Ottawa, through the identification of the social determinants associated with higher consumption of UPF, and the profiles of these children in terms of their social determinants. In this sample, more than half of the daily energy consumed by children (56%) came from UPF. This high level of consumption of UPF is consistent with results from the 2015 CCHS, which showed that the %E from UPF among all Canadian children (6 to 12 years old) was 53% (Polsky, Moubarac and Garriguet, 2020). It should be noted that there is currently no recommended daily energy intake for UPF. Also, nearly all the participants (99%) consumed UPF, highlighting how widespread their consumption is among this population. It is important to mention that a 10% higher daily %E from UPF has been associated with a 15% increase in the risk of all-cause mortality in adults in a 2021 meta-analysis (Suksatan et al., 2021). It is possible to expect a similar, if not bigger, impact on children. As such, some differences observed in the current study would be considered clinically significant. Indeed, findings revealed that children whose mothers were established immigrants or family class immigrants had at least a 10% higher %E from UPF than their counterparts. 
Previous research among adults has found a positive association between the length of residency in the U.S. and UPF consumption, with the highest increase over time among Non-Hispanic Black individuals (Steele et al., 2020). The result of this current study aligns with those findings, as children's UPF consumption was significantly higher among children whose mothers were established immigrants compared to those whose mothers were recent or very recent immigrants. Additionally, children whose mothers were family class immigrants consumed significantly more UPF compared to those whose mothers were economic immigrants, asylum seekers, refugees, or humanitarian cases. We believe a similar mechanism was at play, as the immigration category of mothers could be a proxy for increased exposure to the UPF-rich Canadian food environment. Indeed, to be family class immigrants, mothers had to be sponsored by a family member who must have been present in Canada long enough to become a permanent resident and to complete the administrative immigration process (Immigration, Refugees and Citizenship Canada, 2024b). Therefore, the longer the exposure to the Canadian food environment, either through their mothers or another family member, may encourage UPF consumption among children. 
The association between UPF consumption and income remains unclear in the literature. The current study found no significant association between household income and UPF consumption among children. To our knowledge, there is no study assessing the association between household income and UPF consumption among children. Among adults, studies have shown higher UPF consumption with higher incomes in Canada, Chile, Brazil, and Australia, whereas the opposite was found in the U.S. (Nardocci, Polsky and Moubarac, 2021; Dicken, Qamar and Batterham, 2023). Additionally, the direction of the association between income and UPF consumption can vary among different ethnic groups within countries (Pachipala et al., 2022). However, previous research in Canada has shown that individuals, across all age-sex groups, with severe food insecurity, which is a proxy for low income, consumed significantly more UPF than those who are food-secure (Hutchinson and Tarasuk, 2022). This finding contrasts from the current study as household food insecurity was significantly associated with lower UPF consumption among children. This lower UPF consumption among children in food-insecure households might be attributed to several factors: the possible higher prices of UPF, the tendency for mothers to cook meals from scratch as a coping strategy, and higher consumption of traditional foods, which are generally low in UPF (Buck-McFadyen, 2015; Gupta et al., 2019; Vandevijvere et al., 2020; Olstad et al., 2023).
When exploring UPF consumption in relation to cluster based on social determinants, two distinct profiles emerged and recalled the previous associations that children whose mothers had been in Canada longer, whose mothers were family-class immigrants, and whose households were food secure, consumed more UPF than their respective counterparts. Children in the settling cluster consumed less UPF. Their mothers were predominantly very recent African economic immigrants, asylum seekers, refugees, or humanitarian cases. These households had lower incomes and were more likely to experience food insecurity. In contrast, children in the established cluster consumed more UPF. Their mothers were mainly established family class immigrants from the Caribbean, with some from Africa. These families had higher household incomes and were more likely to be food secure. The alignment between the cluster characteristics and the significative bivariate analyses suggests potential intersections among these social determinants.
However, the clusters’ difference had a small effect size. This may be partly due to the high variability of the sample and unmeasured factors that could explain the remaining inter-individual variance. Notably, children are particularly sensitive to marketing to which they are excessively exposed in Canada, despite current self-regulatory and statutory policies (Potvin Kent et al., 2019, 2022; Sato et al., 2022). Furthermore, parents' perception of the impact of UPF on health, along with the convenience of the products, can influence their decision to include UPF in their children's diets (Zucchi and Fiates, 2016; Machín et al., 2020; Gonzales Santos et al., 2024). However, although the magnitude seems small, a difference of 9% is likely to have clinical implications as explained above.
To our knowledge, this study is the first to assess UPF consumption among Black immigrant children in Canada and to evaluate relationships with social determinants such as the immigration category. As such, it is a significant contribution to our knowledge as it provides the very first insights into UPF intake in this population group, even though the non-probability sample does not allow the generalization of the results to all Black children of African and Caribbean descent in Ottawa. However, the standard limitations of cross-sectional studies applied to this study. Additionally, the data used are beginning to date, having been collected in 2015, and therefore do not consider any changes in dietary habits or food reformulation since then. However, no recent data are available in this population group or at the national level, with the latest national data also dating from 2015 (Health Canada, 2017). Furthermore, 24-hour dietary recalls have several limitations, but they remain the gold standard in this kind of research (Freedman et al., 2014, 2015; Thompson et al., 2015; Kirkpatrick et al., 2019). The demographic and socio-economic variables were self-reported, which could have lead to misreporting due to social desirability bias (van de Mortel, 2008). One of the main issues in analyses of the effect of length of residence on health is the possible confounding of the effect of exposure to the UPF-rich Canadian food environment, which implied possible immigration cohort effects (McDonald and Kennedy, 2004). Further, the high proportion of participants who reported rarely or never experiencing discrimination surprised us. It is possible that the question was interpreted in terms of direct verbal or physical violence. Participants often seemed to exclude other forms of discrimination in their answers as some mentioned experiencing systemic racism or other types of interpersonal discrimination, such as microaggressions, then answered “no” to the question. Social desirability bias and feelings of shame may also have influenced responses to this question (van de Mortel, 2008). Therefore, the interpretation of this prevalence should be done with caution. Although two-step clustering was very useful for exploring the interrelationships between different social determinants, this method has several limitations. First, although it is theoretically suited for a mixture of categorical and continuous variables, some evaluations indicate that differences between categorical variables carry more weight than differences between continuous variables, thus diminishing the stability of solutions (Bacher, Wenzig and Vogler, 2004; Kent, Jensen and Kongsted, 2014). In addition, some of the assumptions were not respected. Notably, the independence assumption was violated in our analysis. Yet, two-step cluster analysis is fairly robust to the violation of the assumption of variable independence (Chiu et al., 2001; Yu, 2010). Clearly, the method assumes that the data can be described by clusters, not to mention that the silhouette measure of cohesion and separation was only 0.2, i.e., valid and a fair separation, but not ideal (Tkaczynski, 2017). However, the results may not have reflected the true structure of the data if they had more complex structures.  
In conclusion, this study provided initial findings on the social determinants of UPF consumption among Black children of African and Caribbean descent in Ottawa. The increased %E from UPF was associated with some social determinants, with the mothers' length of residency in Canada and their immigration category having the biggest significative difference across categories. Further research is needed to better understand the impact of immigration category on %E from UPF. More studies are needed to elucidate the mechanisms that lead to increased %E from UPF over time. Also, some results contrasted with previous results in Canada, suggesting that the relationship's directions between increased %E from UPF and social determinants may be less uniform than previously thought. More research is also needed across different racial/ethnic groups to adequately guide future health promotion interventions.
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Table 1. Immigration categories
	Economic 

	People who have been selected to immigrate because of their skills, work experience and ability to contribute to the Canadian economy as workers, investors, entrepreneurs or business owners (Statistics Canada, 2023).

	Family class
	People who have been sponsored by a Canadian citizen or permanent resident because of their family ties, such as spouse, partner, parent, grandparent, child or other (Statistics Canada, 2023).

	Asylum seekers
	People who have applied for asylum in Canada or the United States, i.e., who have sought protection under the 1951 Convention Relating to the Status of Refugees and its 1967 Protocol, the Convention Against Torture or any other legal basis of either country (Immigration, Refugees and Citizenship Canada, 2023).

	Refugees
	People who have been granted permanent resident status because of a well-founded fear of persecution for reasons of religion, race, nationality, political opinion or association with a particular social group (according to the Geneva Convention), or because of the serious and personal consequences of armed conflict, civil war or human rights violations in their country of nationality or residence, if they are stateless (Immigration and Refugee Protection Act, 2001; Statistics Canada, 2023).

	Humanitarian cases
	Persons currently in Canada who are applying for or have been granted permanent residence on humanitarian and compassionate grounds, as an exception, because they had no other means of immigration, but who has sufficient and compelling humanitarian reasons that they should receive an exemption to remain in Canada (Immigration, Refugees and Citizenship Canada, 2024a).
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[bookmark: _Toc175933796]Table 2. Participants and clusters characteristics (n= 174)
	Sample characteristics
	Total
(n=174)
	 
	Children’s %E from UPF
	 
	Evaluation of bivariate relationsb
	 
	Settling Cluster
(n=62)
	 
	Established Cluster
(n=112)
	 
	Cluster comparisonsc

	
	n
	%
	Meana
	SD
	 
	Mean
	SD
	 
	p-value
	 
	n
	%
	Meana
	SD
	 
	n
	%
	Meana
	SD
	 
	p-value

	Children
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Age
	
	
	9
	(1)
	
	
	
	
	0.801
	
	
	
	8
	(1)
	
	
	
	9
	(1)
	
	0.101

	
	Sex 
	
	
	
	
	
	
	
	
	0.081
	
	
	
	
	
	
	
	
	
	
	
	0.213

	
	
	Girls
	84
	48
	
	
	
	53
	18
	
	
	
	26
	42
	
	
	
	58
	52
	
	
	
	

	
	
	Boys
	90
	52
	
	
	
	58
	18
	
	
	
	36
	58
	
	
	
	54
	48
	
	
	
	

	
	%E from UPF
	
	
	56
	(18)
	
	
	
	
	
	
	
	
	50
	(20)
	
	
	
	59
	(17)
	
	0.006

	Mothers
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Age 
	
	
	39
	(6)
	
	
	
	
	0.526
	
	
	
	37
	(5)
	
	
	
	40
	(6)
	
	0.003

	
	Region of birth 
	
	
	
	
	
	
	
	
	0.277
	
	
	
	
	
	
	
	
	
	
	
	<0.001

	
	
	Sub-Saharan Africa
	114
	66
	
	
	
	55
	19
	
	
	
	57
	92
	
	
	
	57
	51
	
	
	
	

	
	
	Caribbean
	60
	34
	
	
	
	58
	16
	
	
	
	5
	8
	
	
	
	55
	49
	
	
	
	

	
	Highest level of education achieved 
	
	
	
	
	
	
	
	
	0.296
	
	
	
	
	
	
	
	
	
	
	
	<0.001

	
	
	Less than a postsecondary diploma
	38
	22
	
	
	
	52
	20
	
	
	
	30
	48
	
	
	
	8
	7
	
	
	
	

	
	
	Trade school, college, CEGEP or other non-university institution certificate or diploma
	64
	37
	
	
	
	57
	17
	
	
	
	12
	19
	
	
	
	52
	46
	
	
	
	

	
	
	University certificate or diploma
	72
	41
	
	
	
	56
	18
	
	
	
	20
	32
	
	
	
	52
	46
	
	
	
	

	
	Matrimonial status
	
	
	
	
	
	
	
	
	0.406
	
	
	
	
	
	
	
	
	
	
	
	0.302

	
	
	Married/Common law
	118
	68
	
	
	
	55
	18
	
	
	
	39
	63
	
	
	
	79
	71
	
	
	
	

	
	
	Single/ Separated/ Divorced/ Widowed
	56
	32
	
	
	
	57
	19
	
	
	
	23
	37
	
	
	
	33
	29
	
	
	
	




	
	Length of residency
	
	
	
	
	
	
	
	
	<0.001
	
	
	
	
	
	
	
	
	
	
	
	<0.001

	
	
	0 to <5 years
	60
	35
	
	
	
	49
	19
	
	
	
	43
	69
	
	
	
	17
	15
	
	
	
	

	
	
	5 to <10 years
	38
	22
	
	
	
	53
	16
	
	
	
	10
	16
	
	
	
	28
	25
	
	
	
	

	
	
	≥ 10 years
	76
	44
	
	
	
	62
	17
	
	
	
	9
	15
	
	
	
	67
	60
	
	
	
	

	
	Immigration category
	
	
	
	
	
	
	
	
	0.005
	
	
	
	
	
	
	
	
	
	
	
	<0.001

	
	
	Economic
	58
	33
	
	
	
	53
	18
	
	
	
	26
	42
	
	
	
	32
	29
	
	
	
	

	
	
	Family class
	47
	27
	
	
	
	63
	16
	
	
	
	5
	8
	
	
	
	42
	38
	
	
	
	

	
	
	Other (asylum seeker, refugee, humanitarian case)
	69
	40
	
	
	
	53
	19
	
	
	
	31
	50
	
	
	
	38
	34
	
	
	
	

	
	Frequency of discrimination 
	
	
	
	
	
	
	
	
	0.427
	
	
	
	
	
	
	
	
	
	
	
	0.433

	
	
	Never or rarely
	116
	67
	
	
	
	56
	16
	
	
	
	39
	63
	
	
	
	77
	69
	
	
	
	

	
	
	Sometimes, often or always
	58
	33
	
	
	
	54
	21
	
	
	
	23
	37
	
	
	
	35
	31
	
	
	
	

	
	Currently working 
	
	
	
	
	
	
	
	
	0.067
	
	
	
	
	
	
	
	
	
	
	
	<0.001

	
	
	Yes
	101
	58
	
	
	
	58
	16
	
	
	
	8
	13
	
	
	
	93
	83
	
	
	
	

	
	
	No
	73
	42
	
	
	
	53
	20
	
	
	
	54
	87
	
	
	
	19
	17
	
	
	
	

	
	Currently studying 
	
	
	
	
	
	
	
	
	0.057
	
	
	
	
	
	
	
	
	
	
	
	<0.001

	
	
	Yes
	60
	34
	
	
	
	52
	20
	
	
	
	49
	79
	
	
	
	11
	10
	
	
	
	

	
	
	No
	114
	66
	
	
	
	58
	17
	
	
	
	13
	21
	
	
	
	101
	90
	
	
	
	

	Household
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Household income 
	
	
	
	
	
	
	
	
	0.084
	
	
	
	
	
	
	
	
	
	
	
	<0.001

	
	
	< 20 000$
	49
	28
	
	
	
	51
	18
	
	
	
	28
	45
	
	
	
	21
	19
	
	
	
	

	
	
	20 000$ to < 40 000$
	39
	22
	
	
	
	55
	15
	
	
	
	15
	24
	
	
	
	24
	21
	
	
	
	

	
	
	40 000$ to < 60 000$
	24
	14
	
	
	
	56
	20
	
	
	
	8
	13
	
	
	
	16
	14
	
	
	
	

	
	
	60 000$ to < 80 000$
	18
	10
	
	
	
	57
	13
	
	
	
	1
	2
	
	
	
	17
	15
	
	
	
	

	
	
	≥ 80 000$ 
	25
	14
	
	
	
	65
	15
	
	
	
	0
	0
	
	
	
	25
	22
	
	
	
	

	
	
	Don't know
	14
	8
	
	
	
	54
	25
	
	
	
	10
	16
	
	
	
	4
	4
	
	
	
	

	
	
	Refuse to answer
	5
	3
	
	
	
	56
	25
	
	
	
	0
	0
	
	
	
	5
	5
	
	
	
	




	
	Number of children in the household
	
	
	
	
	
	
	
	
	0.831
	
	
	
	
	
	
	
	
	
	
	
	<0.001

	
	
	1 child
	22
	13
	
	
	
	53
	18
	
	
	
	7
	11
	
	
	
	15
	13
	
	
	
	

	
	
	2 children
	61
	35
	
	
	
	57
	15
	
	
	
	12
	19
	
	
	
	49
	44
	
	
	
	

	
	
	3 children
	53
	30
	
	
	
	56
	18
	
	
	
	20
	32
	
	
	
	33
	29
	
	
	
	

	
	
	≥ 4 children 
	38
	22
	
	
	
	55
	22
	
	
	
	23
	37
	
	
	
	15
	13
	
	
	
	

	
	Food security status
	
	
	
	
	
	
	
	
	0.049
	
	
	
	
	
	
	
	
	
	
	
	0.048

	
	
	Food security
	96
	55
	
	
	
	58
	17
	
	
	
	28
	45
	
	
	
	68
	61
	
	
	
	

	 
	 
	Food insecurity
	78
	45
	 
	 
	 
	53
	19
	 
	 
	 
	34
	55
	 
	 
	 
	44
	39
	 
	 
	 
	 



a Geometric mean and geometric standard deviation were calculated for children's age.
b Bivariate relationships were evaluated using Welch's and classic one-way analysis of variance (ANOVA), depending on whether the assumption of homogeneity of variances was violated or not.  
c Clusters were compared using Chi-square and Student’s t-test. Chi-square tests were performed for all variables, except for the mothers' age, children's age and children's %E from UPF variables, for which Student’s t-tests were performed since these are continuous variables.
Abbreviations: %E, daily percentage of energy; UPF, ultra-processed food; SD, standard deviation

Figure 1. Predictor importance for the cluster solution [image: ]
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