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Background: Hispanic individuals are at increased risk for obesity and other chronic health conditions. This article evaluates the effect of a family-based, childhood obesity primary prevention intervention in a community setting.



Methods: A multi-site, randomized controlled trial community program with assessments at pre (T0), post-program (T1), and 6-months post-program (T2). Participating families were recruited from five sites. Only families of Mexican or Puerto Rican heritage with a least one child between 6 and 18 years were included in the study, without weight restrictions. Families were randomized to the intervention and control arms. Intervention families received six-2 h weekly workshops. Control families received printed generic nutrition and wellness information. Heights and weights were measured at the 3-time points to calculate BMI z-scores, BMI-percentiles, and weight status using age- and sex-specific growth charts, according to the CDC guidelines.



Results: There were no differences in BMI-z scores between children in the intervention (n = 239) and control groups (n = 187) at T0. BMI z-scores decreased in the intervention group (−0.03, 95% CI, −0.066, −0.003, p = 0.032) at T1, but not in the control group at T1. Changes in BMI z-scores were not statistically significant at T2.



Conclusion: The Abriendo Caminos intervention effectively prevented unhealthy weight gain in Hispanic children in the short-term, but not at 6-months post-intervention. Younger children and girls benefited more from the program at 6-months post-intervention. Additional efforts are needed to sustain long-term changes. Culturally-tailored programs can provide families with the knowledge to produce short-term changes and a potential pathway for sustainable changes in implementing healthy behaviors.
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1. Introduction

Hispanic-heritage individuals are profoundly affected by chronic metabolic conditions (CMCs: i.e., obesity, diabetes, dyslipidemia, and hypertension), and inequities in the prevention and management of those diseases severely affect their health and quality of (1–4). In adults, the prevalence of CMCs is higher among Hispanics than in non-Hispanic white people (5, 6). In addition to CMCs, behavioral factors, such as physical inactivity and smoking, represent the primary clinical risk factors related to cardiovascular heart disease, the leading cause of death in the U.S. (1). Hispanic children (ages 6–11) and adolescents (ages 12–19) also have higher levels of obesity and severe obesity relative to non-Hispanic white people (7). Children affected with obesity often become obese as adults and have an increased risk for a wide variety of poor health outcomes, including CMCs, and nonalcoholic fatty liver (8, 9). Additionally, children are at higher risk of developing weight problems when they start formal education, as they exert increasingly independent eating choices and engage in diverse levels of physical activity (10). There is a critical need to develop primary and secondary childhood obesity prevention programs.

Measuring the effectiveness of many childhood obesity primary prevention interventions is limited by indirect and self-reported behavioral changes. Alternatively, some primary prevention programs with growing children aim to reduce or maintain sex and age-specific BMI percentiles, or maintain a stable weight over one year (11, 12). In practice, BMI measurements adjusted for child age and sex are converted to standard deviation scores (SDS), also called BMI z-scores, to measure the variation around the mean (SDS equal to 0), and a negative BMI-SDS indicates the value is below the average. Most researchers report that a decrease in BMI-SDS greater than 0.5 is associated with success in weight management interventions or a reduction in CMCs (11–13). The −0.5 BMI-SDS value is equivalent to a child with a stable weight growing 5 cm or more per year, or a 5 kg weight loss in a male adolescent with 1 cm growth in 12 months (14). Even a BMI-SDS reduction of 0.25 or greater has been found to significantly improve cardiovascular risk factors (hypertension, hypertriglyceridemia, and low HDL-cholesterol) in children with overweight followed over a 1-year lifestyle intervention, while a BMI-SDS decrease greater than 0.5 doubled the effect (11).

Primary and secondary obesity prevention interventions with children are more likely to be successful when they include a parental or family component and target multiple health behaviors (diet, physical activity, sleep) (15–21). Recent reviews underline the impact of evidence-based and family-based lifestyle preventive interventions that target multiple modifiable lifestyle behaviors (16, 18, 22). Still, there are few culturally-tailored, family-based programs demonstrating improving health-related outcomes directed to Hispanics (12, 15, 16, 20). A systematic review of nine obesity interventions with Hispanic children conducted between 2000 and 2010 found that only four studies had significant changes in BMI, and all four included a parental component (18). The authors noted that few studies included follow-up evaluations with their participants, which is important in assessing the sustainability of changes. Two recent reviews focused on Hispanic family-centered interventions found similar findings, with approximately a third of the studies reporting significant changes in BMI (11, 20). Reviewers suggested that culturally relevant family-based programs are essential in controlling obesity in Hispanic families and should incorporate a focus on diet and exercise, as well as sleep and screen time, to improve effectiveness (11, 20). According to a family systems approach, the entire nuclear family should be included as families are interconnected and influence one another's behaviors (23). Additionally, evidence-based interventions are more likely to be effective when they have a theoretical framework and are delivered by a dedicated staff (24, 25). Taken together, obesity programs seem more effective at reducing BMI when they are culturally tailored, grounded in theory, include the entire family, target multiple healthy behaviors, and are long-term.

Abriendo Caminos, “opening roads”, is designed as an evidence-based, theoretically grounded, culturally tailored, primary childhood obesity prevention program, and implemented as a parallel-arm, randomized control intervention (22). Abriendo Caminos is grounded in the applied behavior theory for community nutrition programs and tenets of the social cognitive theory (22). The intervention was implemented across five sites in California, Illinois, Iowa, Texas, and Puerto Rico. According to the latest data, the obesity percentiles in the participating states are 47th, 23rd, 11th, and 13th respectively, but no comparative obesity prevalence data exist for the Commonwealth of Puerto (26). The 2021–2022 National Survey of Children's Health reports that 34.7%, 32.4%, 34.5%, 39.5% of children and adolescents (ages 10–17) from California, Illinois, Iowa, and Texas are affected by overweight or obesity. Furthermore, in California, Illinois, Iowa, and Texas, 44.3%, 49.2%, 43.2%, and 49.2% of Hispanic children and adolescents of the same age group are affected by overweight or obesity, underlying a health disparity (26). Puerto Rico's rates of childhood obesity are estimated to be between 28% to 30%.

The current study aimed to assess the impact of the Abriendo Caminos intervention on the BMI z-scores outcome of children and adolescents. The community program incorporates multiple elements to prevent unhealthy weight gain, with a whole family approach focusing on nutrition education, family wellness, and physical activity (22). It was hypothesized that the Abriendo Caminos program would be effective if the intervention group had no significant BMI z-score change, or if participants maintained a stable BMI z-score over the 6 months of observation compared to the control group.



2. Methods


2.1. Study design

The research methods have been described elsewhere (22). Abriendo Caminos is a multi-site, longitudinal, randomized control obesity primary prevention intervention designed to reduce excessive weight gain in Mexican and Puerto Rican children in a community setting. Randomization into the intervention and control groups was conducted during initial data collection for each cycle in each cohort. Randomization process was determined by site, and participating families were randomized using a random number generator (Research Randomizer, Lancaster, PA, 2013), or by participants selecting a ball from a bag, whose color corresponded to a specific treatment arm. Families were randomized in a ratio of 1:1 per cycle of the program. Groups were not matched on child age or sex. The number of families and participants in each cohort varied depending on staffing and space capacity at each site and the number of eligible families available at each time. On average, 12–20 families participated per cohort. The Abriendo Caminos intervention was available in Spanish and English; it was delivered by dedicated and trained staff. Each site had a primary investigator, who recruited bilingual staff, including graduate and undergraduate pre-health, human nutrition, human development, community health, or kinesiology students, and -when possible- extension and volunteer personnel embedded in the local community. All personnel who delivered the program participated in extensive training (about 20 h, under the “train the trainer” model) and had weekly debriefs during and after program implementation.



2.2. Study sites and recruitment

The selected sites in Illinois (Champaign, Urbana, and Rantoul), and Iowa (Ottumwa and Perry), are suburban, while those in Texas, California, and Puerto Rico are urban. The Illinois and Iowa sites were associated with well-established University Outreach /Cooperative Extension/Community collaboration. At the Texas site (Houston), Hispanic families were recruited from an urban Houston Metropolitan area targeting a low-income, predominantly Mexican neighborhood named East End. Due to the long relationship with the community, potential Hispanic families were recruited from social services agencies such as community centers and clinics. In California, the site (Fresno) is a major city in the Central Valley. Project coordinators and research assistants contacted families in multiple ways, including passing out flyers at Hispanic grocery stores, flea markets, elementary schools, and churches. At the Puerto Rico site, families were recruited from the west side of the island. This was due to the location of the University of Puerto Rico at Mayaguez (UPRM). The University of Puerto Rico, Mayagüez Campus, is a public land-grant university. UPRM is the second-largest university campus of the University of Puerto Rico system. In addition to its status as a land-grant university, it is also a member of the sea-grant and space-grant research. More information is described in detail at the clinical trial registration.



2.3. Participants

Mexican and Puerto Rican descent families enrolled in this study (at least one parent and one child aged 6–18 years per family). There were no upper or lower weight restrictions for children to participate in the community program. Participants were recruited using stakeholder engagement, local newspaper advertisements, and flyers/cards displayed and passed out at recreation centers, grocery stores, flea markets, churches, and local Cooperative Extension offices. Interested participants were asked to attend a study orientation or provide contact information and/or contact the local site coordinator(s) to determine study eligibility. This study adhered to the CONSORT statement reporting guidelines and was registered with www.ClinicalTrials.gov (NCT03505658). Before baseline data collection, bilingual research assistants asked parents to read and sign the informed consent and target children were asked to sign an assent form, respectively, confirming that they understood the terms of participation. Families were informed that their participation in the study was voluntary, and they were permitted to withdraw at any point without explanation. Due to the US political climate at the time of the study initiation, 2016, we secured a "certificate of confidentiality" and removed participant names from the data.

A sample size of 500 families (250 intervention and 250 control) was pre-planned to provide adequate power to detect the intervention effects based on the original project (22). A staggered initiation of sites was designed to implement regional adaptations of the project. Thus, the first site was Illinois, and the second and third were California and Iowa. Finally, for the fourth and fifth sites, we encountered multiple natural disaster challenges, including weathering a major earthquake and three hurricanes (Harvey, Maria, and Irma), delaying data collection in Texas and Puerto Rico. Moreover, the COVID-19 pandemic presented unprecedented and unpredictable challenges in recruiting, implementing, and evaluating a face-to-face intervention. In the end, two sites had to adapt workshops and recruitment to a virtual delivery (Texas and Puerto Rico). For methodological consistency, only the data from participants who engaged in the in-person workshops and recruitment are presented here (n = 426).



2.4. Measures

Mostly mothers completed survey data and anthropometric assessments at pre-program at baseline (T0), after the 6-week intervention (T1, post-program), and six-months post-intervention (T2). Demographic data collected at T0 from mothers included birth country, child's date of birth, and child's sex. Trained research assistants measured children's body height and weight at least twice using Seca (Seca North America, Chino, CA) stadiometers and scales. Body height was measured in a standing position with both feet touching the base of the board and the head in the Frankfort Plane. Body weight was measured in light clothing. The average of the two measurements was recorded. If the difference between the two measurements was greater than 0.1 kg or 1 cm, a third measurement was taken. BMI was calculated using kg/m2 formula and transformed into age- and sex-specific z-scores and percentiles according to the Centers for Disease Control and Prevention (CDC) growth charts (27). Child BMI weight status was determined using BMI percentiles, to classify as underweight (BMI percentile <5th), healthy or normal (BMI percentile 5th to <85th), overweight (BMI percentile 85th to <95th), and obese (BMI percentile ≥95th) (27).


2.4.1. Experimental group

As described elsewhere, the Abriendo Caminos program is educational, with 6 weekly 2-hour workshops (22). Abriendo Caminos is a community-based delivery program with cultural-tailoring. Briefly, the applied behavior theory for community nutrition with the tenets of Social Cognitive Theory (behavioral capacity, self-efficacy, and social support) is integral to the curriculum to facilitate behavioral change. We used a simple Spanish linguistic structure with the concept “más,” “menos,” or “más o menos” (more, less, or in between) integrated into lessons to focus on small changes to increase healthier lifestyles and reduce negative or restrictive behaviors (22). The intervention program included workshops with three components (30 min of nutrition education, 30 min of family wellness education, and 60 min of physical activity), with extensive details published before (19, 22, 28). At the end of each session, parents completed an evaluation of the workshop and received a gift card for their attendance.



2.4.2. Control group

Control families completed the demographic questionnaires and had their anthropometric measurements taken at T0, T1, and T2. Control group families did not participate in the workshops, but they received educational materials at the end of the 6-month period.




2.5. Statistical analyses

Descriptive statistics (means, standard deviations, median and interquartile range, and percentages) were used to compare characteristics of children in the intervention vs. the control groups. Group differences across intervention arms were examined using chi-square tests for categorical covariates and t-tests or Wilcoxon rank-sum tests for continuous variables.


[image: Figure 1]
FIGURE 1
BMI z-scores changes during the study. At baseline, those in the control group had slightly higher BMI z-scores than those in the intervention group, but the difference was not statistically significant. After the first follow-up (T1), the intervention group experienced a reduction in BMI z-scores, relative to the baseline, but not the control group. At the end of the second follow-up, the intervention group maintained their improved scores compared to the first wave assessment. Still, the control group continued to observe increases in the scores. However, differences between the intervention and control group were not statistically significant at 6 months.


The primary outcome for this report was the change in BMI z-scores. We used a repeated mixed-effects linear regression (29, 30) to analyze longitudinally changes in BMI z-scores at 6-weeks post-intervention (T1), and 6-month post-intervention (T2) compared to the baseline values. Repeated mixed-effects regressions are appropriate for handling correlated data and an unequal number of observations across individuals, which is an advantage over generalized linear models. Measures of BMI z-scores were treated as continuous. The full model included: age, sex, intervention group, time of measurement (T1, T2), interaction of group and time of measurement, and intervention site. Random effects for the intercept were included to allow individuals to vary in the initial level of BMI z-score at baseline (T0). Additionally, analyses were disaggregated by sex and age group (6–11, and 12 or older). Finally, since most mothers were from Mexico, we restricted the analyses to those participants. We presented the regression coefficients, confidence intervals, and p-values. However, to facilitate the interpretation of regression results, particularly the interaction effects, we discussed the contrasts involving factor variables and their interactions using the “contrast” command.

Finally, we conducted sensitivity tests. First, we examined whether dropping out of the sample affected the results. To do so, a dichotomous variable was added to indicate those with complete data on all waves vs. those with missing data on at least one follow-up. Then, we included a dummy variable for incomplete vs. complete data in the mixed-effects. Lastly, we restricted data to those with complete data in all waves. Statistical significance was set at p < 0.05. All data analyses were conducted using the statistical software Stata/SE 17.0 (StataCorp, TX, USA).




3. Results


3.1. Baseline characteristics of the study sample

A total of 426 participants had complete data at the baseline, with 239 randomly assigned to the Abriendo Caminos intervention group and 187 to the control group. Of the 426 participants, 276 (65%) had complete data in the post-program (T1), 158 in the intervention group, and 118 in the control group. At the end of six-months (T2), 185 participants (43%) completed data collection—105 in the intervention group and 80 in the control group. The results showed that older children, 25% of the participants, were more likely to drop out than younger children (OR = 1.10, 95% CI, 1.02–1.18; p < 0.001). Groups were similar in the baseline with no significant group differences in demographic or anthropometric variables. Table 1 provides participant characteristics at baseline with stratification by intervention arm. Baseline characteristics include 56% girl participants, the average age was 10.2 years, mean BMI z-score was 1.04 and mean BMI percentile was 83.9. Over half of the participating children were affected by obesity or overweight (35.5% and 18.3%, respectively). Mothers were, on average, 39.4 years-old, 28.3% were overweight and 59.8% were affected by obesity. The majority of mothers were born in Mexico (94.7%), and most were married (79%). Over half had less than a high school education, and 31% lived in households with annual income below $30,000 US dollars. There were no statistical differences in children or mothers' demographic characteristics between the intervention and control groups at baseline.


TABLE 1 Descriptive statistics at the baseline of Abriendo Caminos participants.
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3.2. Comparison of intervention groups across time

Table 2 shows the mean of the BMI z-scores over the study period. Mean BMI z-scores were 1.04 at baseline, 1.02 immediately after the 6-week program, and 1.11 at six-months after the end of the program. Mean BMI z-scores for the control group were 1.07 pre- and post-program and reached 1.10 at six-months. For the intervention group, at baseline mean BMI z-score was 1.01, reached 0.98 after completion of the 6-week program and 1.12 after six-months. Based on a simple T- test, there were no statistical differences between the control and intervention groups at each assessment time point (Figure 1).


TABLE 2 Mean BMI z-scores and 95% confidence intervals (CI) during the Abriendo Caminos intervention.

[image: Table 2]

Results based on linear mixed-effects indicate that the interaction term between group and time was statistically significant at 6 weeks post-program (β = −0.05, 95% CI, −0.09, −0.01, p = 0.023) (Table 3). Results based on the contrasts involving factor variables and their interactions show that, compared with the baseline values, BMI z-scores decreased at 6 weeks in the intervention group (−0.03, 95% CI, −0.066, −0.003; p = 0.032), but not in the control group. However, at six-months after the program, changes in BMI z-scores for both the intervention and control groups were not statistically significantly different from baseline (Table 4).


TABLE 3 Estimated parameters from repeated mixed-effects regressions on continuous BMI z-scores outcome measures.
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TABLE 4 Changes in BMI z-scores at post-program (T1) and after 6-months (T2) from baseline.

[image: Table 4]



3.3. Analyses disaggregated by sex and age

In further analyses, we disaggregated the sample by age (young and teens) and sex. Results indicate that, for boys, there were no statistical differences between the control and intervention groups. For girls, the interaction term between group and time was statistically significant at 6 weeks post-program (β = −0.08, 95% CI, −0.13, −0.02, p = 0.007) (Supplementary Table S1a). Results based on the contrast show that, compared to the baseline, BMI z-scores for girls decreased at 6 weeks in the intervention group (−0.05, 95% CI, −0.095, −0.005, p = 0.03). In analyses disaggregated by age, results indicated that the intervention benefited the younger children, but not older children. The interaction term between group and time was statistically significant at 6 weeks post-program for younger children (β = −0.07, 95% CI, −0.12, −0.02, p = 0.003) (Supplementary Table S1b). Results based on the contrast show that, compared to the baseline, BMI z-scores for younger children decreased at 6 weeks in the intervention group (−0.04, 95% CI, −0.079, −0.011, p = 0.01).



3.4. Sensitivity analysis restricting to participants whose mothers were born in Mexico

In additional analyses where we restricted the sample to those whose mothers were born in Mexico; the conclusions remain. Meaning, that children in the intervention group observed a small decline in BMI z-scores at T1 (β = −0.05, 95% CI, −0.09, −0.01, p = 0.034), but not those in the control group. (Supplementary Table S1c).



3.5. Sensitivity analysis considering missing data

Given the proportion of missing data at the follow-up, we explored the data non-response pattern. We contrasted those with complete data for all time points (37%) with those missing at least one point time. Results from mixed-effects regressions, which included a dummy variable for incomplete vs. complete data, indicated that those who dropped out of the study did not differ in their baseline BMI z-scores. The remaining statistical inferences were unchanged. We further examined the data by analyzing only those with complete data, and the results remained unchanged.




4. Discussion

Despite decades of evidence-based recommendations and interventions, systematic reviews, consensus statements, with stakeholder and community members' advocacy, the effectiveness of childhood obesity prevention programs continues to be a (1, 12, 16, 20, 21, 24, 25, 31–34). The problem of obesity is particularly salient among Hispanic children and adolescents, accentuated by the burden of structural and social determinants of health, which limit access to opportunities and services that promote long-term engagement in health promotion behaviors (12, 35–37). Two recent systematic reviews on family-centered interventions for the treatment and prevention of childhood obesity found only a few articles with full methods and outcomes reporting effectiveness by using culturally related tools designed for US Hispanics (e.g., bilingual sessions) (16, 20). Few family-based or community interventions have an RCT design, and the reported outcomes of interventions are inconsistent, ranging from a slight decrease, no change, or a larger drop in BMI (particularly among those with higher BMI values at baseline) (16, 20).

Achieving BMI reduction in children and adolescents may be challenging due to their rapid physical growth in height and adiposity, particularly during early adolescence (14, 38). However, even smaller reductions of BMI-SDS have been associated with improved cardiometabolic health and body composition (11, 39). While participation in Abriendo Caminos was not associated with a large BMI reduction, participation was effective at reducing BMI z-scores at T1 by 0.03. Further, for girls, the reduction of BMI z-scores at T1 was 0.05 and for young children by 0.04. Although this is not a large difference, previous research has found that a reduction of BMI-z score of 0.09 or more has been associated with improved metabolic biomarkers in obese youth (39).

The objective of this primary prevention study was to prevent unhealthy weight gain, but 88% of parents and 54% of children who participated in the Abriendo Caminos program were already affected by overweight or obesity. However, weight loss was more common than weight gain in the intervention group. In particular, among those in the intervention group who were obese, 11% became overweight, and among those who were overweight, 15% became normal weight. In the control group, only 5% of those obese became overweight, and no one who was overweight became normal (Supplementary Table S2). The US Preventive Services Task Force (USPSTF) recommends 26 h or more of high-intensity clinical contact, in a period of 2 to 12 months, for successful weight loss (40), and there is no data on family-based preventive programs. Thus, the Abriendo Caminos program holds additional promise as reductions in BMI were observed, and not just maintenance of a healthy weight in the short-term, with 12 h of contact. Future goals include adding booster monthly sessions and including shorter and more frequent intervals for measurements to determine if the effects endure over a longer time with continued intervention. Offering culturally community-engaged, family-based programs is important for the sustainability of a healthy lifestyle, as stated in pediatric clinical practice guidelines (41).

There are several limitations and strengths to this study. The main limitation was the reduced number of participants who completed assessments at three-point times. Unfortunately, this is a common problem in health promotion programs designed and implemented among underserved and ethnically diverse groups. Immediate incentives, regular reminders, and engaging activities were integral elements of the program (22, 28). Retention was lower than we expected, due to the family/work demands and high mobility of the population. Sustainability is major barrier in pediatric weight management programs, attrition varies widely across clinical studies (4%–83%, median 37%) (42). In this community program, 70% and 47% completed the 6-week and six-months evaluations. As we recognize that Hispanic families have family and work demands, offering flexible times and multiple meeting options may help increase retention rates. Another major challenge we had with recruitment and retention of participants was due to climate and natural disasters we experienced during the course of the study, such as major hurricanes, flooding, earthquakes, and freezing. In the future, the efficacy of virtual delivery of the program is important to assess given the unpredictable challenges that can inevitably occur.

Additionally, Abriendo Caminos was only 6-weeks long, with 12 h of engagement, and longer term programs have shown greater efficacy. However, changes in BMI z-scores were observed within this time period, demonstrating that 6 weeks can be effective in decreasing excessive weight gain. Strengths include the cultural tailoring, multi-site, a 6-month follow-up to assess the sustainability of BMI changes, a theoretical underpinning, and inclusion of evidence-based curriculum with topics related to nutrition, screen time and sleep (22). Similarly, our whole family approach moves away from limiting program participation to parent-child dyads, thereby potentially expanding the program reach to multiple family members.

In conclusion, few family-based programs demonstrate an impact on primary outcomes. Even fewer are culturally-tailored and evaluated for long-term effects. Abriendo Caminos is a culturally-tailored whole family program coupled with cultural humility that considers elements of the Hispanic culture that facilitate healthy behavior change and effectively prevented unhealthy weight gain, as a first step. Families are active participants in the program, helping shape the program to meet their needs. Obesity poses a serious threat to Hispanic families, and efforts to reduce this risk are essential in slowing and preventing this public health crisis. Culturally-tailored programs, such as Abriendo Caminos, can become a staple in communities providing families with the knowledge to produce change and pathways to enact and sustain that change. Over time, these types of programs may help drive reductions in unhealthy weight gain and prevent high rates of chronic metabolic conditions within the Hispanic population in the future.
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