
 
 

 

 
Int. J. Environ. Res. Public Health 2021, 18, 2666. https://doi.org/10.3390/ijerph18052666 www.mdpi.com/journal/ijerph 

Article 

Exposure to a Multilevel, Multicomponent Obesity  
Prevention Intervention (OPREVENT2) in Rural Native  
American Communities: Variability and Association with 
Change in Diet Quality 
Michelle Estradé 1,*, Ellen J. I. van Dongen 1,*, Angela C. B. Trude 2, Lisa Poirier 1, Sheila Fleischhacker 3,  
Caroline R. Wensel 1, Leslie C. Redmond 4, Marla Pardilla 1, Jacqueline Swartz 1, Margarita S. Treuth 5 and  
Joel Gittelsohn 1 

 1 Department of International Health, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, 
MD 21205, USA; lpoirie4@jhu.edu (L.P.); cwensel1@jhu.edu (C.R.W.); mpardil1@jhu.edu (M.P.); 
jswartz4@jhmi.edu (J.S.); jgittel1@jhu.edu (J.G.) 

2 Department of Pediatrics, University of Maryland School of Medicine, Baltimore, MD 21201, USA; 
atrude@som.umaryland.edu 

3 Georgetown University Law Center, Washington, DC 20001, USA; Sef80@georgetown.edu 
4 School of Allied Health, University of Alaska Anchorage, Anchorage, AK 99508, USA; lcred-

mond@alaska.edu 
5 Department of Kinesiology, School of Pharmacy and Health Professions, University of Maryland Eastern 

Shore, Princess Anne, MD 21853, USA; mstreuth@umes.edu 
* Correspondence: mestrad7@jhu.edu (M.E.); ellen.vdongen@gmail.com (E.J.I.v.D.) 

Abstract: The OPREVENT2 obesity prevention trial was a multilevel multicomponent (MLMC) in-
tervention implemented in rural Native American communities in the Midwest and Southwest U.S. 
Intervention components were delivered through local food stores, worksites, schools, community 
action coalitions, and by social and community media. Due to the complex nature of MLMC inter-
vention trials, it is useful to assess participants’ exposure to each component of the intervention in 
order to assess impact. In this paper, we present a detailed methodology for evaluating participant 
exposure to MLMC intervention, and we explore how exposure to the OPREVENT2 trial impacted 
participant diet quality. There were no significant differences in total exposure score by age group, 
sex, or geographic region, but exposure to sub-components of the intervention differed significantly 
by age group, sex, and geographical region. Participants with the highest overall exposure scores 
showed significantly more improvement in diet quality from baseline to follow up compared to 
those who were least exposed to the intervention. Improved diet quality was also significantly pos-
itively associated with several exposure sub-components. While evaluating exposure to an entire 
MLMC intervention is complex and imperfect, it can provide useful insight into an intervention’s 
impact on key outcome measures, and it can help identify which components of the intervention 
were most effective. 
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1. Introduction 
For over three centuries, Native Americans have faced extraordinary challenges to 

their health and wellbeing as a lasting result of colonization and United States (U.S.) pol-
icies that displaced them from their traditional lands and imposed westernized lifestyles. 
Many Native American peoples were prevented from practicing their traditional food 
cultures, characterized by predominantly plant-based diets supplemented with hunting, 
trapping, and fishing, and instead forced to adopt more sedentary agricultural practices 
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and rely on government subsidies [1–3]. This transition resulted in a dietary pattern char-
acterized by high intake of processed foods high in fat, sugar, and sodium, and low in 
fiber [4–6], followed by an exponential rise in nutrition-related chronic diseases, such as 
obesity and type 2 diabetes [2,7–9]. 

The resilience of Indigenous peoples in the face of such challenges has been well doc-
umented [10–14], including through the powerful ongoing advocacy for food sovereignty 
among Native American peoples [15,16]. This movement to achieve long term health and 
food security through nutritious, culturally adapted indigenous foods has led to the for-
mation of many partnerships aimed at providing evidence-based nutrition interventions. 
Multilevel multicomponent (MLMC) community-based interventions are one such exam-
ple, which has emerged as a promising approach for restoring positive health behaviors 
and outcomes in Native American populations [17–19]. A MLMC style intervention at-
tempts to reach participants in many different settings of their lives to influence behavior 
by creating positive environmental and policy changes that reinforce educational compo-
nents. Due to the variety of settings and stakeholders involved in a MLMC intervention, 
they are inherently community-based. They are also inherently complex; a challenge for 
MLMC interventions is that resources need to be spread over many intervention compo-
nents that are delivered throughout the community. This may result in participants’ ex-
posure to each component of the intervention being too low to achieve sufficient dose to 
impact outcomes [20]. Therefore, in addition to evaluating intervention effectiveness, pro-
cess evaluations are important for complex MLMC interventions, as they provide insight 
in intervention implementation and reach of the target audience [21]. 

Process evaluations include measures of fidelity, reach, and dose delivered to de-
scribe the implementation of an intervention [17,21–24]. In contrast to interventions tar-
geting a limited group of participants, community-based interventions have less control 
over who is exposed to the intervention and to what degree they are exposed [25]. Conse-
quently, there can be large differences in the extent to which individuals within the com-
munity receive components of the intervention [25]. Only reporting what intervention ac-
tivities or materials were delivered in the community (dose delivered and fidelity) does 
not necessarily represent actual individual-level exposure to the intervention. Exposure 
(or ‘dose received’) is a way to characterize individuals’ involvement with the interven-
tion components, in contrast to the population-level measure of reach [25]. Assessing ex-
posure to community-based interventions is therefore necessary to make valid claims 
about intervention effectiveness and impact. 

Previous work in indigenous communities, especially in food stores, indicates that 
intervention exposure is positively associated with improved health outcomes, health be-
havior, and/or psychosocial outcomes [26–30]. For example, in the Navajo Healthy Stores 
program, exposure to separate intervention components as well as an overall exposure 
score were reported, with highest mean exposures to the intervention logo, posters, and 
educational displays [26]. Overall exposure scores were positively associated with 
changes in healthy food purchasing and intentions to consume healthy foods, and nega-
tively associated with change in participants’ Body Mass Index (BMI). Although numer-
ous community-based diet interventions have reported on exposure, most have only done 
so for one type of institution (i.e., food stores); thus, little is known about individual-level 
exposure to multiple interventions delivered simultaneously in different settings in a 
community.  

The OPREVENT2 obesity prevention intervention was implemented through local 
food stores, worksites, schools, community action coalitions, and by social and commu-
nity media. A report of the process evaluation of the OPREVENT2 intervention provided 
insight about fidelity, reach and dose delivered [31]; however, it did not assess individual-
level exposure to the intervention (dose received). In the present study, we provide a 
methodology for calculating and combining component-level exposure scores into a sin-
gle intervention-level exposure score that can be used to contextualize the impact results 
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of the OPREVENT2 intervention. Since a primary focus of OPREVENT2 was on improv-
ing dietary quality [32], we examined whether exposure was associated with changes in 
Healthy Eating Index (HEI-2015). We hypothesized that participants with higher expo-
sure to the intervention would show significant improvement in HEI scores.  

The purpose of this paper is therefore to:  
1. Develop an aggregated exposure score for the multilevel multicomponent 

OPREVENT2 intervention;  
2. Assess exposure to the OPREVENT2 intervention and explore variability 

in intervention component exposure based on participant characteris-
tics/demographic factors; and,  

3. Examine the association between intervention exposure and changes in diet 
quality (HEI-2015). 

2. Methods 
2.1. Study Design 

OPREVENT2 was a MLMC community randomized obesity prevention trial carried 
out in six rural Native American communities from 2016 to 2019. All communities were 
located on Indian reservation– two in the Midwest and four in the Southwest. The study 
was approved in 2016 by the Johns Hopkins School of Public Health Institutional Review 
Board (IRB) (IRB# 00007028), the Indian Health Service IRB (IRB# NI6-N-04), and the Nav-
ajo Nation Human Research Review Board (IRB# NNR-16-245).  

2.2. Community Recruitment 
Prior to obtaining the grant to fund OPREVENT2, all tribes in the two regions were 

invited, with 12 in the Southwest and 6 in the Midwest responding in favor. Out of 18 total 
interested, 6 tribes followed through with a resolution and memorandum of understand-
ing to participate. Collaborative partnerships were established with each tribal commu-
nity and approval of the proposed research was obtained. After baseline data collection, 
three communities were randomized to receive the intervention immediately, while com-
parison communities received the same intervention after follow-up data collection. 

2.3. Participants and Recruitment 
Approximately 100 participants from each of the six communities were recruited for 

the evaluation sample (n = 601). To meet inclusion criteria, participants had to be the main 
food shopper or food preparer for their household, 18–75 years old, not pregnant, and 
have no plans to move away from the community for at least two years.  

All interventionists and data collectors participated in a weeklong in-person training 
prior to starting the baseline data collection and, prior to follow-up data collection, at-
tended a 2-day booster training. These trainings emphasized methods for consistent and 
accurate recording of all data, as well as uniform delivery of intervention components 
across study sites. The interventionists and data collectors were tribal members familiar 
with the language, culture and customs in each study site. As speakers of the local tribal 
languages, they were able to translate during interactions and interviews if requested by 
a participant. The consent form was read to the participant and a written informed consent 
was obtained for all participants prior to baseline and follow-up interviews.  

2.4. Intervention 
The OPREVENT2 intervention was implemented over the course of 18 months, in six 

phases each lasting 2–4 months. The different phases were used to focus on specific edu-
cational messages or activities, such as choosing lean proteins and high-fiber foods, or 
encouraging participation in a workplace walking group. The intervention’s multiple 
components were designed to reinforce one another and reach people through multiple 
facets of their daily life and activities. At least one worksite in each community hosted 
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physical activity opportunities, displayed educational posters about healthy diets, and 
distributed informational booklets on diet and physical activity. Interventionists worked 
with local food store managers to ensure that healthy food options were available and that 
labels were hung to highlight the healthier choices. A school curriculum was delivered in 
grades 2–6, with children envisioned as motivators of their adult relatives, and therefore 
able to act as agents of behavior change within their families. Key intervention messages 
were reinforced through postal newsletters, radio announcements, social media posts, 
and through the formation of community action coalitions. Further details about the in-
tervention design [32] and implementation [31] have been described elsewhere. 

2.5. Measurements 
Data on sociodemographic variables were collected at baseline, using an Adult Im-

pact Questionnaire. Variables included age (continuous), sex (male/female), current 
smoking status (yes/no), employment status (full time/part time/seasonal/unem-
ployed/student/retired/disabled), education level (less than high school/diploma or 
GRE/some college/undergraduate degree/graduate degree), and household size (continu-
ous). A Material Style of Life (MSL) score was calculated as a proxy for socioeconomic 
status. The MSL score was a summative total of 18 questions about material possessions 
of the respondent’s household, for example, “How many working televisions are in your 
home?” and “How many working computers/laptops/tablets are in your home?”. MSL 
scores ranged from 1 to 45 (mean 19, SD 8), with a higher MSL score indicating more ma-
terial possessions in the participant’s household. 

Dietary intake was measured using a 113-item semi-quantitative Block Food Fre-
quency Questionnaire (FFQ) that probed for foods consumed in the past 30 days at base-
line and follow up. The FFQ was adapted from one used in the Strong Heart Study [33] 
and modified during the formative phase of OPREVENT2 to include foods that were cul-
turally relevant in the study communities, such as piñon nuts in the Southwest and veni-
son in the Midwest. Completed FFQs were sent to Nutrition Quest (Berkeley, CA, USA) 
for processing and analysis of nutrient and food group intakes. We then used these data 
to calculate a Healthy Eating Index Score (HEI-2015), based on how closely reported in-
take aligns with the United States Department of Agriculture (USDA) 2015–2020 Dietary 
Guidelines for Americans (DGA) on a scale of 1–100 [34]. The HEI-2015 calculation meth-
ods and evaluation in OPREVENT2 participants at baseline have been described in detail 
in a previous study [35]. 

Data on exposure was obtained at post-intervention data collection for the intervention 
and comparison groups, using the Intervention Exposure Evaluation Instrument (IEEI). An 
overview of intervention components, type of data collected and scoring is presented in Ta-
ble 1. The IEEI included questions to assess to what extent respondents reported their own 
exposure to each component of the intervention: Shelf labels (five questions), posters (20 
questions), radio announcements (1 question), social media (6 questions), store visits (1 
question), schools (1 question), handouts (21 questions), booklets (7 questions), newsletters 
(3 questions), educational displays (5 questions), giveaways (12 questions), taste tests (8 
questions), and worksite (1 question). For educational materials (shelf labels, posters, edu-
cational displays, handouts, booklets, newsletters) respondents were asked whether they 
had seen/read/received the material. Respondents were shown images of the selected edu-
cational materials during questionnaire completion to facilitate recall. For exposure to the 
food store component, respondents were also asked how many times they visited each of 
the stores that participated in the intervention in the last 30 days. For worksites, respondents 
were asked to indicate whether they had worked at one or more of the worksites in which 
the intervention was delivered. For the school component, respondents indicated whether 
they had a child that went to one of the elementary schools participating in the intervention. 
In addition, five dummy questions (often referred to as “red herring” questions), related to 
educational materials not used in OPREVENT2, were added to the questionnaire to address 
response bias and improve validity of the responses.  
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Table 1. Exposure scores for OPREVENT2 intervention materials and activities. 

Intervention Component Intervention Material/Activity Exposure Data Collected 
Coding of Exposure  
(before Re-Scaling) 

Shelf Labels 

Labels put up in food stores to 
promote healthful foods and bev-
erages linked to intervention 
phase 

Number of shelf labels seen 
None = 0 
1–2 shelf labels = 1 
3–5 shelf labels = 2 

Posters 
Posters put up at multiple places 
in the community (e.g., laundro-
mats, community centers) 

Number of posters seen and/or 
read 

None = 0 
1–8 posters = 1 
9–20 posters = 2 

Radio Announcements Announcements broadcasted at 
community radio station 

Heard any radio announcements 
on local radio stations (y/n) 

No = 0 
Yes = 1 or 2 a 

Social Media 
Messages related to intervention 
phase posted on Facebook, Insta-
gram and Twitter 

Followed or seen OPREVENT2 on 
Facebook, Instagram and/or Twit-
ter (y/n) 

No = 0 
Yes = 1 b 

Food Store Visit 

Stocking of healthful foods and 
beverages, educational materials, 
promotional activities at point of 
purchase 

Number of times each store was 
visited in last 30 days c 

None = 0 
1–9 store visits = 1 
10–20 visits = 2 
>20 visits = 3 

School Elementary school curriculum for 
grades 2–6 

Have a child who attended a 
school (y/n) 

No = 0 
Yes = 1 or 2 d 

Handouts 

Educational leaflet handed out by 
interventionists at multiple places 
in the community (e.g., laundro-
mats, community centers) 

Number of handouts received 
and/or read 

None = 0 
1–7 handouts = 1 
8–21 handouts = 2 

Booklets 
Booklets handed out by interven-
tionists at different places in the 
community 

Number of booklets received 
and/or read 

None = 0 
1–4 booklets = 1 
5–7 booklets = 2 

Newsletters Newsletter send to the evaluation 
sample’s home 

Number of newsletters seen 
and/or read 

None = 0 
1–2 newsletters = 1 
3 newsletters = 2 

Educational Displays 
Interactive displays including 
posters, set up at food stores and 
worksites 

Number of educational displays 
seen and/or read 

None = 0 
1–2 educational displays = 1 
3–5 educational displays = 2 

Giveaways 

Small gifts handed out by inter-
ventionists at multiple places in 
the community (e.g., at food 
stores and worksites) 

Number of giveaways received e 

None = 0 
1–5 points = 1 
6–10 points = 2 
>10 points = 3 

Taste tests 

Taste tests provided by interven-
tionists at multiple places in the 
community (e.g., at food stores 
and worksites) 

Number of taste tests participated 
in/seen  

None = 0 
1–3 taste tests = 1 
4–9 taste tests = 2 

Worksite 
Coffee station makeover, educa-
tional materials, interventionist 
visits, pedometer challenge 

Worked in one or more of the 
worksites in past 12 months (y/n) f 

Not working at worksite = 0 g 
Working at ≥1 worksite = 1 

a Score depends on extent to which radio announcements were broadcasted. Radio in community that stopped broadcast-
ing the announcements halfway through intervention = 1, radio in community that broadcasted throughout intervention 
period = 2. b Respondent followed at least one of the social media accounts and/or saw at least one of the example social 
media posts. c For two stores, the number of visits were multiplied by 1 as they did not implement all components of the 
intervention. For the other stores, the number of visits was multiplied by 2, as they implemented majority of intervention 
components. The outcomes were added to create the food store exposure score. d Score depends on extent to which school 
implemented OPREVENT2 curriculum. Not implemented = 0, partly implemented = 1, majority/fully implemented = 2. e 
Giveaways were assigned different scores based on the amount of interaction needed to receive the giveaway (tiers), with 
score 1 as lowest interaction and score 3 as highest interaction. These scores are added to create the giveaway exposure 
score. f Answer choices were yes or no. g One worksite was assigned a score of 0 as the intervention was not implemented 
in this worksite. 
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2.5.1. Generating Component-Level Exposure Scores 
An exposure score was created for each intervention component (Table 1). To make 

the components comparable, for each component we divided the exposure into bivariates, 
tertiles or quartiles, depending on the question. For example, the IEEI listed nine possible 
taste tests that respondents could have sampled. Based on distribution of the responses 
we divided the scores into tertiles: a score of 0 for respondents that did not participate in 
any taste tests, a score of 1 for respondents that participated in between one and three 
taste tests, and a score of 2 for respondents who participated in more than 3 taste tests 
(Table 1). For the worksite component we used two categories, where people either 
worked at one or more of the worksites in the past 12 months (score 1) or did not (score 0). 
As each component has different possible scores, and we wanted to make the components 
comparable with each other, we re-scaled all component exposure scores so each compo-
nent was scored between 0 and 1. These re-scaled component exposure scores were used 
to assess levels of exposure to the different intervention components.  

2.5.2. Calculating an Intervention-Level Exposure Score 
To assess overall exposure to the OPREVENT2 intervention, we summarized all in-

tervention components into a total exposure score. We used a weighting scheme to assign 
more relative weight to different intervention components, based on the type of compo-
nent/activity being more or less interactive. Based on the underlying intervention theory 
and discussions with the OPREVENT2 interventionists and researchers on intervention 
delivery, we placed all components along a continuum that ranged from more interactive 
to less interactive. Since the level of interactiveness was specific to the OPREVENT2 inter-
vention, the ‘ranking’ of each component required several rounds of in-depth discussion 
and deliberation with the interventionists who had delivered the intervention. For in-
stance, social media may have been less interactive than newsletters due to the remote 
nature of the communities and lack of cell phone and internet service. More interactive 
intervention components, in which participants spent a longer time engaging with the 
component, were thought to be more important for bringing about changes in partici-
pants’ outcomes than more passive, solely knowledge-transfer components. Therefore, 
we weighted intervention components on the right side of the spectrum (more interactive) 
higher than components on the left side of the spectrum (more passive) (Figure 1). For 
instance, worksites were a convenient place to implement many intervention activities 
and interact with participants, because participants spent many hours there; therefore, 
worksites were placed on the right side of the spectrum. Conversely, posters, passively 
displayed in the community and used to convey the main intervention messages, were 
placed on the left side of the spectrum. To generate the overall intervention-level exposure 
score, we multiplied the re-scaled component exposure scores with their specific 
weighting factor (either 1, 2, 3 or 4) and subsequently we summed all weighted compo-
nent scores. The total exposure score ranged from 0 to 28, with a higher score indicating 
greater exposure to the intervention.  
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Figure 1. Continuum of interaction/engagement within intervention components, with corresponding factors (one to four) 
used in the weighting scheme. 

2.6. Statistical Analysis 
After reviewing the exposure data for the entire study, it was clear that none of the 

participants from comparison communities reported exposure to any components of the 
intervention. Since the main objective of this paper is to examine exposure and its corre-
lates, we decided to conduct the exposure analysis utilizing only data from participants 
who completed follow-up interviews in intervention communities (n = 243). The retention 
rate from baseline to follow up was 81%. Participants were excluded from the analysis if 
they reported seeing ≥80% of the red herring questions (n = 7) or had missing exposure 
data (n = 2), leaving a final sample of n = 234. One-way ANOVA was used to compare 
mean scores for each exposure component by age group, sex, and geographic region.  

The HEI-2015 analysis was conducted on the same sample as the exposure analysis 
(n = 234), but those reporting intakes outside the range of 500–7000 kCal per day (n = 7) 
were excluded from the dataset, yielding a final sample size of n = 227. Each participant’s 
baseline HEI-2015 score was subtracted from their follow-up HEI-2015 to calculate a HEI-
2015 change score. The distribution of residuals was checked and met assumptions for 
normality, then linear regression models were used to regress change in HEI-2015 on each 
of the exposure sub-components and total exposure score, controlling for age, sex, smok-
ing status, baseline HEI-2015 score, community, and MSL score. 

3. Results 
3.1. Exposure to the OPREVENT2 Intervention  

Overall exposure to the OPREVENT2 intervention was moderate (mean 11.66 ± 6.71 
on a scale of 0–28), with store visits, posters, and handouts being the components to which 
participants reported the highest exposure, and schools and social media the components 
to which participants in the evaluation sample were least exposed.  

There were no significant differences in total exposure score by age group, sex, or 
geographic region, but there were notable demographic differences in several exposure 
component scores. Participants in the oldest age group (≥60 y) reported significantly lower 
exposure to the school component of the intervention than those in either of the other age 
groups. Females reported significantly higher exposure to newsletters than men. Addi-
tionally, compared to those in the Midwest, participants in the Southwest reported signif-
icantly higher exposure to taste tests, school curriculum, handouts, booklets, and radio an-
nouncements, but significantly lower exposure to the worksites and food stores (Table 2). 
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Table 2. Re-scaled component exposure scores (Mean (SD)) for 13 intervention components and the Total Exposure Score 
(Mean (SD), not re-scaled, range 0–28) to the OPREVENT2 intervention for the total intervention group, and by age, sex, 
and region. 

Exposure Component 
Total Intervention Group 

(n = 234)  

Age Group Sex Region 
18–35 

(n = 73)
36–59 

(n = 123)
60+ 

(n = 38) 
Male 

(n = 63) 
Female 
(n = 171)

South-West
(n = 162) 

Midwest
(n = 72) 

Shelf Labels 
0.41 

(0.41) 
0.43 

(0.41) 
0.39 

(0.39) 
0.42 

(0.46) 
0.34 

(0.41) 
0.44 

(0.40) 
0.42 

(0.41) 
0.39 

(0.41) 

Posters 
0.59 

(0.37) 
0.57 

(0.38) 
0.60 

(0.38) 
0.62 

(0.34) 
0.59 
(039) 

0.60 
(0.37) 

0.62 
(0.38) 

0.53 
(0.36) 

Radio Announcements
0.38 

(0.48) 
0.31 

(0.46) 
0.43 

(0.48) 
0.38 

(0.49) 
0.33 

(0.46) 
0.41 

(0.48) 
0.53 

(0.50) a 
0.06 

(0.17) a 

Social Media 
0.16 

(0.36) 
0.17 

(0.38) 
0.16 

(0.37) 
0.11 

(0.31) 
0.11 

(0.32) 
0.17 

(0.38) 
0.17 

(0.37) 
0.14 

(0.35) 

Food Store Visits 
0.67 

(0.29) 
0.62 

(0.29) 
0.69 

(0.29) 
0.69 

(0.26) 
0.65 

(0.28) 
0.68 

(0.29) 
0.63 

(0.27) b 
0.74 

(0.31) b 

School 
0.12 

(0.28) 
0.18 

(0.31) c 
0.13 

(0.28) d 
0.00 

(0.00) c,d 
0.08 

(0.24) 
0.14 

(0.29) 
0.17 

(0.32) e 
0.01 

(0.08) e 

Handouts 
0.50 

(0.40) 
0.43 

(0.41) 
0.52 

(0.40) 
0.57 

(0.41) 
0.42 

(0.40) 
0.53 

(0.40) 
0.54 

(0.40) f 
0.42 

(0.41) f 

Booklets 
0.40 

(0.40) 
0.36 

(0.39) 
0.41 

(0.40) 
0.43 

(0.41) 
0.35 

(0.40) 
0.42 

(0.40) 
0.45 

(0.40) g 
0.29 

(0.36) g 

Newsletters 
0.42 

(0.44) 
0.40 

(0.46) 
0.40 

(0.42) 
0.53 

(0.45) 
0.33 

(0.40) h 
0.46 

(0.44) h 
0.41 

(0.43) 
0.45 

(0.46) 

Educational Displays 
0.34 

(0.39) 
0.30 

(0.38) 
0.37 

(0.40) 
0.34 

(0.37) 
0.30 

(0.35) 
0.36 

(0.40) 
0.37 

(0.39) 
0.28 

(0.37) 

Giveaways 
0.43 

(0.39) 
0.36 

(0.37) 
0.46 

(0.39) 
0.47 

(0.40) 
0.39 

(0.39) 
0.45 

(0.38) 
0.42 

(0.38) 
0.46 

(0.41) 

Taste Test 
0.43 

(0.41) 
0.35 

(0.39) 
0.48 

(0.42) 
0.45 

(0.42) 
0.43 

(0.43) 
0.43 

(0.41) 
0.49 

(0.41) i 
0.30 

(0.40) i 

Worksite 
0.46 

(0.50) 
0.45 

(0.50) 
0.49 

(0.50) 
0.39 

(0.50) 
0.41 

(0.50) 
0.48 

(0.50) 
0.39 

(0.49) j 
0.62 

(0.49) j 

Total Exposure Score 
11.66 
(6.71) 

10.56 
(6.56) 

12.28 
(6.72) 

11.78 
(6.91) 

10.44 
(6.82) 

12.11 
(6.64) 

12.09 
(6.66) 

10.70 
(6.78) 

Differences tested with ANOVA indicated in bold: a,e p-diff < 0.0001; b p-diff = 0.008; c p-diff = 0.003; d p-diff = 0.034; f p-diff 
= 0.048; g p-diff = 0.006; h p-diff = 0.041; i,j p-diff = 0.001. 

3.2. Association between Exposure and Changes in Diet Quality 
Participants with the highest overall exposure scores had an average of 3.61 points (p 

= 0.049) higher change in HEI-2015 from baseline to follow up compared to those who 
were least exposed to the intervention. Improved HEI-2015 scores were also positively 
associated with exposure to four of the 13 intervention exposure sub-components. (Table 3). 
A higher exposure to educational displays, handouts, posters, and radio announcements 
was associated with a significant improvement in HEI-2015 score. There were no signifi-
cant changes in HEI-2015 scores among participants in the three comparison communities 
that did not receive the intervention. 
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Table 3. Associations between exposure to OPREVENT2 and change in diet quality (Healthy Eat-
ing Index 2015 score, HEI-2015) (n = 227) *. 

Exposure Component ^ 
Change in Total HEI-2015 (Points) 

Post-Intervention-Baseline 
β SE p-Value 

Shelf Labels 0.34 1.19 0.772 
Posters 3.70 1.27 0.004 
Radio 3.10 1.07 0.004 

Social Media 2.31 1.34 0.085 
Food Store Visits 0.01 1.73 0.999 

Schools 3.39 1.82 0.064 
Handouts 2.50 1.20 0.039 
Booklets 1.96 1.24 0.116 

Newsletters 0.82 1.10 0.456 
Educational Displays 3.39 1.21 0.006 

Giveaways −0.12 1.30 0.924 
Taste Test 1.18 1.18 0.316 
Worksite 1.13 0.99 0.253 

Total Exposure Score 
(re-scaled) 

3.61 1.90 0.049 

* Associations are adjusted for baseline HEI score, sex, age, MSL score, smoking, and community. 
^ Re-scaled component exposure scores and total exposure score (0–1). 

4. Discussion 
This is one of the first studies to describe a method for generating an aggregated 

exposure score for a MLMC intervention. Mean level of exposure varied greatly across 
intervention components, with participants reporting highest exposure to food stores and 
posters. This finding makes sense given that the food store component was implemented 
with high reach, dose delivery and fidelity throughout the intervention [31], and that 
posters were hung in many locations throughout the community, remaining on display 
for extended periods of time. In contrast, the components to which participants reported 
least exposure—schools and social media—were found to have been implemented with 
moderate-to-high dose delivered, while reach and fidelity were moderate (schools) or low 
(social media) [31]. 

Exposure to several components differed significantly by age, sex, or geographic 
region. This is expected, since not all people interact in the same ways with institutions in 
their communities. Indeed, a strength of MLMC interventions is that they can reach a 
broad range of people and demographic groups in differing contexts, with some 
components more targeted than others [36].  

Exposure to the OPREVENT2 intervention was associated with a significant positive 
change in HEI-2015 scores. Those most exposed gained an average of 3.61 HEI points from 
baseline to follow-up, which can be interpreted as a meaningful impact on diet quality 
[37]. Most of the intervention components that were associated with a significant change 
in HEI-2015 scores were components delivered in food stores, including educational 
displays, posters, and handouts, which suggests that print materials and point-of 
purchase interventions might be a promising way to impact diet quality in rural Native 
American communities. 

This study has several limitations. The use of FFQs to evaluate diet quality is 
imperfect and subject to recall bias and social desirability bias [38]. Measurement and 
development of a complex exposure measure is also subject to recall bias since we relied 
on participants’ self-reported memory of being exposed to each component, which may 
lead to an underestimation of actual exposure. Adult exposure to the school component 
may have been underestimated because we only asked whether each participant had a 
child in one of the intervention schools, which does not account for children’s interactions 
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with other extended family members. Furthermore, if participants indicated they saw or 
remembered intervention components, we assumed that they fully absorbed and 
interacted with the intervention, which might not be true. While the interventionists, who 
were intimately familiar with the study communities, gave input on exposure score 
weighting and interactiveness of each component, time and resources did not allow for 
direct consultation with community members during exposure score development. Fi-
nally, the sample size, when divided into demographic subgroups for comparison, may 
not have been adequate to detect significant differences in exposure (Supplementary Ta-
ble S1).  

These findings should not be interpreted as generalizable to all rural Native Ameri-
can communities, as there are 574 federally recognized American Indian/Alaska Native 
tribes in the USA, representing a vast diversity of languages, cultures, and traditions. Ac-
knowledging this diversity may help to explain and contextualize some of the significant 
regional differences observed in exposure to the OPREVENT2 intervention.  

5. Conclusions 
The OPREVENT2 intervention was successful in improving participants’ diet qual-

ity, and those with highest exposure to the intervention had the greatest improvement. 
Future intervention efforts should evaluate the balance between resources required for 
implementation and achieved exposure. For example, the school curriculum was a time- 
and resource-intensive component of OPREVENT2 that achieved very little exposure and 
therefore may not be worth including in future interventions. 

While evaluating exposure to an entire MLMC intervention is complex and imper-
fect, it can provide useful insight into an intervention’s impact on key outcome measures, 
and it can help identify which components of the intervention were most effective. This 
work can be seen as one important piece of the larger ongoing effort in Native American 
communities to prioritize strengths and resources for interventions with the highest po-
tential to support and restore the health of their people. 

Supplementary Materials: The following is available online at www.mdpi.com/1660-
4601/18/5/2666/s1, Table S1: Re-scaled Mean Scores for 12 Exposure Sub-components by Age and 
Sex. 

Author Contributions: Conceptualization, J.G., M.E., and E.J.I.v.D.; methodology, E.J.I.v.D. and 
M.E.; validation, J.G., M.P., J.S., M.S.T., L.P.; formal analysis, M.E. and E.J.I.v.D.; data curation, L.P.; 
writing—original draft preparation, E.J.I.v.D. and M.E.; writing—review and editing, A.C.B.T., 
L.C.R., C.R.W., S.F., J.G., L.P., M.S.T., and M.P.; funding acquisition, J.G., M.S.T., M.P., and J.S. All 
authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by the National Heart, Lung, and Blood Institute, grant number 
R01HL122150. 

Institutional Review Board Statement: This study was conducted according to the guidelines of 
the Declaration of Helsinki and approved by the Institutional Review Boards of Johns Hopkins 
School of Public Health (IRB# 00007028) and the Indian Health Service (IRB# NI6-N-04), as well as 
the Navajo Nation Human Research Review Board (IRB# NNR-16-245) 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: The data are not publicly available. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Jernigan, V.B.B.; Huyser, K.R.; Valdes, J.; Simonds, V.W. Food insecurity among American Indians and Alaska Natives: A na-

tional profile using the current population survey–food security supplement. J. Hunger. Env. Nutr. 2017, 12, 1–10, 
doi:10.1080/19320248.2016.1227750. 



Int. J. Environ. Res. Public Health 2021, 18, 2666 11 of 12 
 

 

2. Zamora-Kapoor, A.; Sinclair, K.; Nelson, L.; Lee, H.; Buchwald, D. Obesity risk factors in American Indians and Alaska Natives: 
A systematic review. Public Health 2019, 174, 85–96, doi:10.1016/j.puhe.2019.05.021. 

3. Park, S.; Hongu, N.; Daily, J.W. Native American foods: History, culture, and influence on modern diets. J. Ethn. Foods 2016, 3, 
171–177, doi:10.1016/j.jef.2016.08.001. 

4. Trude, A.C.B.; Kharmats, A.; Jock, B.; Liu, D.; Lee, K.; Martins, P.A.; Pardilla, M.; Swartz, J.; Gittelsohn, J. Patterns of food 
consumption are associated with obesity, self-reported diabetes and cardiovascular disease in five American Indian communi-
ties. Ecol. Food Nutr. 2015, 54, 437–454, doi:10.1080/03670244.2014.922070. 

5. Kolahdooz, F.; Butler, L.; Lupu, M.; Sheehy, T.; Corriveau, A.; Sharma, S. Assessment of dietary intake among Inuvialuit in 
arctic Canada using a locally developed quantitative food frequency questionnaire. J. Am. Coll. Nutr. 2014, 33, 147–154, 
doi:10.1080/07315724.2013.874890. 

6. Di Noia, J.; Schinke, S.P.; Contento, I.R. Dietary patterns of reservations and non-reservation Native American youths. Ethn. 
Dis. 2005, 15, 705–712. 

7. Hutchinson, R.N.; Shin, S. Systematic review of health disparities for cardiovascular diseases and associated factors among 
American indian and Alaska native populations. PLoS ONE 2014, 9, e80973, doi:10.1371/journal.pone.0080973. 

8. Cobb, N.; Espey, D.; King, J. Health behaviors and risk factors among American Indians and Alaska Natives, 2000–2010. Am. J. 
Public Health 2014, 104, S481–S489, doi:10.2105/ajph.2014.301879. 

9. Indian Health Service. Indian Health Disparities. 2018. Available online: https://www.ihs.gov/aboutihs (accessed on 4 Septem-
ber 2019). 

10. Grandbois, D.M.; Sanders, G.F. The resilience of Native American elders. Issues Ment. Health Nurs. 2009, 30, 569–580, 
doi:10.1080/01612840902916151. 

11. LaFromboise, T.D.; Hoyt, D.R.; Oliver, L.; Whitbeck, L.B. Family, community, and school influences on resilience among Amer-
ican Indian adolescents in the upper midwest. J. Community Psychol. 2006, 34, 193–209, doi:10.1002/jcop.20090. 

12. Stumblingbear-Riddle, G. Resilience among urban American Indian adolescents: Exploration into the role of culture, self-es-
teem, subjective well-being, and social support. Am. Indian Alsk. Nativ. Ment. Health Res. 2012, 19, 1–19, 
doi:10.5820/aian.1902.2012.1. 

13. Wexler, L. Looking across three generations of Alaska Natives to explore how culture fosters indigenous resilience. Transcult. 
Psychiatry 2013, 51, 73–92, doi:10.1177/1363461513497417. 

14. Oré, C.E. American Indian and Alaska Native resilience along the life course and across generations: A literature review. Am. 
Indian Alsk. Nativ. Ment. Health Res. 2016, 23, 134–157, doi:10.5820/aian.2303.2016.134. 

15. Weiler, A.M.; Hergesheimer, C.; Brisbois, B.; Wittman, H.; Yassi, A.; Spiegel, J.M. Food sovereignty, food security and health 
equity: A meta-narrative mapping exercise. Health Policy Plan. 2015, 30, 1078–1092, doi:10.1093/heapol/czu109. 

16. Fleischhacker, S. Emerging opportunities for registered dietitian nutritionists to help raise a healthier generation of native 
American youth. J. Acad. Nutr. Diet. 2016, 116, 219–225, doi:10.1016/j.jand.2015.10.018. 

17. Gittelsohn, J.; Novotny, R.; Trude, A.C.B.; Butel, J.; Mikkelsen, B.E. Challenges and lessons learned from multi-level multi-
component interventions to prevent and reduce childhood obesity. Int. J. Env. Res. Public Health 2018, 16, 30, 
doi:10.3390/ijerph16010030. 

18. Paskett, E.; Thompson, B.; Ammerman, A.S.; Ortega, A.N.; Marsteller, J.; Richardson, D. Multilevel interventions to address 
health disparities show promise in improving population health. Health Aff. 2016, 35, 1429–1434, doi:10.1377/hlthaff.2015.1360. 

19. Redmond, L.; Jock, B.; Caulfield, L.; Gittelsohn, J. Multi-level, Multi-component obesity intervention reduces soda intake in 
American Indian adults. J. Acad. Nutr. Diet. 2017, 117, A142, doi:10.1016/j.jand.2017.08.088. 

20. French, S.A.; Sherwood, N.E.; Veblen-Mortenson, S.; Crain, A.L.; Jaka, M.M.; Mitchell, N.R.; Hotop, A.M.; Berge, J.M.; Batson, 
A.S.K.; Truesdale, K.; et al. Multicomponent obesity prevention intervention in low-income preschoolers: Primary and sub-
group analyses of the NET-works randomized clinical trial, 2012–2017. Am. J. Public Health 2018, 108, 1695–1706, 
doi:10.2105/ajph.2018.304696. 

21. Moore, G.F.; Audrey, S.; Barker, M.; Bond, L.; Bonell, C.; Hardeman, W.; Moore, L.; O’Cathain, A.; Tinati, T.; Wight, D.; et al. 
Process evaluation of complex interventions: Medical research council guidance. BMJ 2015, 350, h1258, doi:10.1136/bmj.h1258. 

22. Rosecrans, A.M.; Gittelsohn, J.; Ho, L.S.; Harris, S.B.; Naqshbandi, M.; Sharma, S. Process evaluation of a multi-institutional 
community-based program for diabetes prevention among First Nations. Health Educ. Res. 2007, 23, 272–286, 
doi:10.1093/her/cym031. 

23. Oakley, A.; Strange, V.; Bonell, C.; Allen, E.; Stephenson, J. Process evaluation in randomized controlled trials of complex inter-
ventions. BMJ 2006, 332, 413–416, doi:10.1136/bmj.332.7538.413. 

24. Horowitz, L.M.; Snyder, D.J.; Boudreaux, E.D.; He, J.-P.; Harrington, C.J.; Cai, J.; Claassen, C.A.; Salhany, J.E.; Dao, T.; Chaves, 
J.F.; et al. Validation of the Ask Suicide-Screening questions for adult medical inpatients: A brief tool for all ages. J. Psychosom. 
Res. 2020, 61, 713–722, doi:10.1016/j.psym.2020.04.008. 

25. Morris, D.S.; Rooney, M.P.; Wray, R.J.; Kreuter, M.W. Measuring exposure to health messages in community-based intervention 
studies: A systematic review of current practices. Health Educ. Behav. 2009, 36, 979–998, doi:10.1177/1090198108330001. 

26. Gittelsohn, J.; Kim, E.M.; He, S.; Pardilla, M. A Food Store–based environmental intervention is associated with reduced BMI 
and improved psychosocial factors and food-related behaviors on the Navajo Nation. J. Nutr. 2013, 143, 1494–1500, 
doi:10.3945/jn.112.165266. 



Int. J. Environ. Res. Public Health 2021, 18, 2666 12 of 12 
 

 

27. Saksvig, B.I.; Gittelsohn, J.; Harris, S.B.; Hanley, A.J.G.; Valente, T.W.; Zinman, B. A pilot school-based healthy eating and phys-
ical activity intervention improves diet, food knowledge, and self-efficacy for native Canadian children. J. Nutr. 2005, 135, 2392–
2398, doi:10.1093/jn/135.10.2392. 

28. Curran, S.; Gittelsohn, J.; Anliker, J.; Ethelbah, B.; Blake, K.; Sharma, S.; Caballero, B. Process evaluation of a store-based envi-
ronmental obesity intervention on two American Indian Reservations. Health Educ. Res. 2005, 20, 719–729, 
doi:10.1093/her/cyh032. 

29. Laverack, G. Building capable communities: Experiences in a rural Fijian context. Health Promot. Int. 2003, 18, 99–106, 
doi:10.1093/heapro/18.2.99. 

30. Jernigan, V.B.B.; Salvatore, A.L.; Styne, D.M.; Winkleby, M. Addressing food insecurity in a Native American reservation using 
community-based participatory research. Health Educ. Res. 2011, 27, 645–655, doi:10.1093/her/cyr089. 

31. Gittelsohn, J.; Jock, B.; Poirier, L.; Wensel, C.; Pardilla, M.; Fleischhacker, S.; Bleich, S.; Swartz, J.; Trude, A.C.B. Implementation 
of a multilevel, multicomponent intervention for obesity control in Native American communities (OPREVENT2): Challenges 
and lessons learned. Health Educ. Res. 2020, 35, 228–242, doi:10.1093/her/cyaa012. 

32. Gittelsohn, J.; Jock, B.; Redmond, L.; Fleischhacker, S.; Eckmann, T.; Bleich, S.N.; Loh, H.; Ogburn, E.; Gadhoke, P.; Swartz, J.; et 
al. OPREVENT2: Design of a multi-institutional intervention for obesity control and prevention for American Indian adults. 
Bmc Public Health 2017, 17, 105, doi:10.1186/s12889-017-4018-0. 

33. Lee, E.T.; Welty, T.K.; Fabsitz, R.; Cowan, L.D.; Le, N.-A.; Oopik, A.J.; Cucchiara, A.J.; Savage, P.J.; Howard, B.V. The strong 
heart study a study of cardiovascular disease in American Indians: Design and methods. Am. J. Epidemiol. 1990, 132, 1141–1155, 
doi:10.1093/oxfordjournals.aje.a115757. 

34. Krebs-Smith, S.M.; Pannucci, T.E.; Subar, A.F.; Kirkpatrick, S.I.; Lerman, J.L.; Tooze, J.A.; Wilson, M.M.; Reedy, J. Update of the 
Healthy Eating Index: HEI-2015. J. Acad. Nutr. Diet. 2018, 118, 1591–1602, doi:10.1016/j.jand.2018.05.021. 

35. Estradé, M.; Trude, A.C.B.; Pardilla, M.; Jock, B.W.I.; Swartz, J.; Gittelsohn, J. Sociodemographic and psychosocial factors asso-
ciated with diet quality in 6 rural Native American communities. J. Nutr. Educ. Behav. 2021, 53, 10–19, 
doi:10.1016/j.jneb.2020.05.001. 

36. Ewart-Pierce, E.; Ruiz, M.J.M.; Gittelsohn, J. “Whole-of-Community” Obesity prevention: A review of challenges and opportu-
nities in multilevel, multicomponent interventions. Curr. Obes. Rep. 2016, 5, 361–374, doi:10.1007/s13679-016-0226-7. 

37. Berkowitz, S.A.; Delahanty, L.M.; Terranova, J.; Steiner, B.; Ruazol, M.P.; Singh, R.; Shahid, N.N.; Wexler, D.J. Medically tailored 
meal delivery for diabetes patients with food insecurity: A randomized cross-over trial. J. Gen. Intern. Med. 2019, 34, 396–404, 
doi:10.1007/s11606-018-4716-z. 

38. Procter-Gray, E.; Olendzki, B.; Kane, K.; Churchill, L.; Hayes, R.B.; Aguirre, A.; Kang, H.-J.; Li, W. Comparison of dietary quality 
assessment using food frequency questionnaire and 24-hour-recalls in older men and women. Aims Public Health 2017, 4, 326–
346, doi:10.3934/publichealth.2017.4.326. 


