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Abstract 

Background: Rural children are at greater obesity risk than their urban peers. The NU‑HOME study is an innovative 
collaborative effort to prevent childhood obesity in rural communities. Weight outcomes of the NU‑HOME study, 
a family‑meal focused randomized controlled trial (RCT) are described. We hypothesized that compared to control 
group children, intervention group children would have significantly lower weight‑related post‑intervention (PI) 
outcomes.

Methods: Participants were 114 dyads (7–10 year‑old rural children and a parent). In 2017–2018 and 2018–2019, 
research staff measured height, weight and body fat at baseline (BL) and PI. Families were randomized to interven‑
tion (n = 58) or control (n = 56) groups without blinding. Designed with Social Cognitive Theory and community 
engagement, the NU‑HOME program included seven monthly sessions delivered in community settings and four 
goal‑setting calls. The program engaged entire families to improve healthy eating, physical activity, family meals and 
the home food environment. Multiple linear and logistic regression models tested PI outcomes of child BMIz‑score, 
percent body fat, percent over 50th percentile BMI, and overweight/obesity status by treatment group, adjusted for 
BL values and demographics (n = 102).

Results: No statistically significant intervention effects were seen for child BMIz or overweight/obesity status. 
However, a promising reduction in boys’ percent body fat (− 2.1, 95% CI [− 4.84, 0.63]) was associated with the 
intervention.

Conclusions: Although our findings were in the hypothesized direction, making significant impacts on weight‑
related outcomes remains challenging in community trials. Comprehensive family‑focused programming may require 
intensive multi‑pronged interventions to mitigate complex factors associated with excess weight gain.

Clinical trial registration: This study is registered with NIH ClinicalTrials.gov: NCT02 973815.

Keywords: Family meals, Prevention, Childhood obesity, Healthy eating, Home food environment, Physical activity, 
Body fat, BMI, Community, Rural
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Background
Rural community populations (i.e., “any population not in 
an urban area” that is defined by a population of less than 
2500) [1] in the United States (U.S.) have higher health 
risks associated with cardiovascular disease/mortality [2] 
and obesity [3] than urban and suburban populations [4, 
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5]. In fact, national obesity rates are higher for both rural 
youth and adults [6, 7] compared to their urban counter-
parts. Similar findings are demonstrated at the state and 
county level. For example, in Minnesota, U.S., obesity 
prevalence is higher in nonmetro or rural counties com-
pared to urban counties [8]. Specific behavioral risk fac-
tors tied to these disparities include poor dietary intake 
[5, 9] and low physical activity levels [2, 3, 5, 9].

Research has shown that some of the rural/urban 
health differences may stem from less availability and 
access to healthy and affordable foods [10, 11], lack of 
nutrition education and weight management services [12, 
13], and fewer opportunities and access to facilities to be 
physically active [10, 11] with fewer activity resources and 
a strong reliance on automobiles to meet transportation 
needs. However, rural communities have many assets as 
well, including close ties and supportive networks of car-
ing individuals [14, 15]. Many of these communities also 
have a strong infrastructure for volunteerism [14, 15].

To date, there is a very limited number of randomized 
controlled trials (RCTs) devoted to preventing childhood 
obesity in rural communities by engaging children and 
parents together. An 11-week, two group, randomized 
obesity prevention pilot study of 6–9-year-old youth on 
a rural American Indian reservation intervened with 
children on physical activity, nutrition, sleep and screen 
time approximately three times per week and saw prom-
ising effects on body mass index (BMI) z-scores. Parent 
engagement was relatively limited and occurred through 
an informational meeting (1 h, once during the study), 
take-home resource toolkits (3 times per week as parents 
picked up their children from sessions), text messages 
(once per week), with monthly family dining and activ-
ity events. Relatively high percentages of families partici-
pated in the family nights (100, 80, 80% for first, second 
and third events, respectively), one-third of families 
participated in home activities, slightly over half partici-
pated in study information sessions [16]. The E-FLIP for 
Kids randomized controlled trial aimed to address child 
weight, dietary intake, glycated hemoglobin and qual-
ity of life for 8–12-year-old children through a program 
for children with overweight or obesity and their parents 
that included 20 group contacts over a year. Study find-
ings showed no significant differences in BMI z-scores 
between treatment groups over a two year period [17]. 
Increased BMI z-scores were seen for the intervention 
group compared to the control group in the iCook 4-H 
RCT that consisted of 9–10-year-old child and adult 
dyads and promoted cooking, eating and playing together 
in six 2-h biweekly sessions [18]. This limited evidence 
base suggests more work is needed to engage parents and 
address childhood obesity in rural communities.

The present study describes program effectiveness of 
the NU-HOME RCT from baseline to post-intervention. 
The NU-HOME intervention program was developed to 
prevent obesity in 7–10-year-olds, engaged whole fami-
lies, was delivered in community settings, and had a pri-
mary outcome of BMI z-scores. We hypothesized that 
compared to children in the wait-list control group, chil-
dren in the intervention group would have significantly 
lower weight-related post-program outcomes (BMI 
z-score, body fat percentage, incidence of overweight/
obesity).

Methods
Trial design
The New Ulm at HOME (NU-HOME) study was 
designed as a 5-year, two-group RCT to reduce excess 
weight gain among 7–10-year-old children living in rural 
communities by promoting family meals, healthy home 
food environments and healthy eating and physical activ-
ity as a family. A staggered-cohort design was used with 
two cohorts recruited one year apart (2017 and 2018) 
[19].

The NU-HOME study involved a collaborative effort 
between researchers at the University of Minnesota 
(UMN), Allina Health, the Minneapolis Heart Institute 
Foundation (MHIF) and community partners. The UMN 
research team had conducted RCTs to prevent childhood 
obesity in urban communities [20–23]. Allina Health and 
MHIF had conducted a 10-year community demonstra-
tion project called Hearts Beat Back: Heart of New Ulm 
Project (HONU) to reduce prevalence of adult myocar-
dial infarctions and cardiovascular risk factors in a rural 
community [24, 25]. The NU-HOME study collabora-
tion included using the academic childhood obesity 
research infrastructure while leveraging existing stake-
holder groups and research and community infrastruc-
ture of HONU. In 2016, the NU-HOME research team 
created a study-related Action Team by building on the 
established HONU leadership group that included local 
health systems, schools, public health departments and 
other stakeholders. The research team and Action Team 
worked together for a year to complete program adapta-
tion, including content revision, and logistical planning 
that included identifying key strategies for recruitment 
and implementation [26]. The full scale RCT followed 
this planning and adaptation year. These collaborations 
enhanced the research team’s credibility and established 
community trust. Additional details are published else-
where [19]. Together, these experiences and resources 
provided an opportunity to create a childhood obesity 
program relevant to rural community needs, recruit 
participants and conduct data collection effectively, and 
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ensure the program could be sustained in the community 
after the research was completed [27].

Participants
Our comprehensive recruitment strategy included dis-
tribution of flyers at pediatric clinics and community 
sites, study information posted in community education 
brochures, informational sessions at community events, 
and letters mailed to families with children in the eligible 
age range served by the local health system and signed 
by a pediatrician (who was also a member of the Action 
Team). Study promotion also occurred through market-
ing channels, distribution through children’s backpacks 
from school, local newspapers and other communica-
tions formats.

Eligible NU-HOME study participants included 
7–10-year-old children and a parent/guardian (hereafter 
referred to as parents) who lived within a 50-mile radius 
of the rural New Ulm or Sleepy Eye, Minnesota com-
munities. In our previous urban RCT with 8–12-year-
old children, we showed significant BMI z-score change 
in prepubertal children [22]. Thus, for the NU-HOME 
trial, we recruited 7–10 year old children to increase the 
chance of having a prepubertal sample. Inclusion crite-
ria included willingness to be randomized to an inter-
vention or wait-list control group; willingness to attend 
data collection visits; willingness to attend seven monthly 
intervention sessions if randomized to the interven-
tion group; and requirement that the parent live with 
the child at least half-time and prepare most of the fam-
ily’s meals. Exclusion criteria were planning on moving 
from the area in the next 6 months and the existence of 
a medical condition(s) or food allergies contraindicating 
intervention program participation. Staff and volunteers 
recruited 114 child/parent dyads across the two cohorts. 
Participants in cohort one (n = 60 dyads) and cohort two 
(n = 54 dyads) were from the city of New Ulm, Minne-
sota and 11 surrounding communities. The analytic sam-
ple for the NU-HOME main trial outcomes evaluation 
includes the 102 children (89% of the sample) with BMI 
and 101 children with body fat data post program.

Procedures and measures
Interested participants were called by research staff for 
eligibility screening and to schedule a visit for formal 
enrollment and baseline data collection. Consent and 
assent forms and a validated Home Food Inventory (HFI) 
[28] were mailed to parents in advance of the in-person 
visit held in the local public schools. Parents completed 
the HFI at home prior to the data collection visit and pro-
vided it to the research team after completing the con-
sent and enrollment process at the data collection visit. 
Parent and child participants provided written consent/

assent for study participation. Post-intervention data col-
lection occurred 8 to 10 months after baseline.

Trained and certified research staff measured child and 
parent height using a stadiometer, and weight and body 
fat using Tanita scales (TBF400-Total Body Composi-
tion Analyzer), with standardized procedures [29]. BMI 
[weight (kg)/height  (m2)], age- and sex-adjusted BMI 
percentiles, and standardized z-scores (ANTHRO 1.02 
software-CDC) were calculated [30]. Percent over 50th 
percentile BMI was calculated by finding the percent-
age of each child’s BMI above the age- and sex-matched 
BMI of a child at the 50th percentile [31, 32], based on 
the CDC BMI percentiles [33]. Child weight status cat-
egories were created based on CDC BMI percentiles 
for age and sex (Underweight = less than 5th percentile, 
Normal or Healthy weight = 5th percentile to less than 
85th percentile, Overweight = 85th percentile to less 
than 95th percentile, Obese = 95th percentile or greater). 
Parent weight status categories were based on BMI 
(Underweight = BMI less than 18.5, Normal or Healthy 
weight = BMI 18.5 to less than 25, Overweight = BMI 25 
to less than 30; Obese = BMI 30 or more).

A parent survey included validated food and activ-
ity measures, questions about parent’s perceptions and 
demographic characteristics [19]. Parent report of demo-
graphic characteristics relevant to this report include sex 
and race/ethnicity of participating children and parents; 
child pubertal status; parent education and marital status; 
and household economic assistance (a socioeconomic 
proxy for economic wealth reported as either receiving 
public assistance or free/reduced lunch) and food insecu-
rity. Food insecurity was measured at the household level 
with the six-item food security survey from the UDSA. 
Questions asked about the past 12 months and included 
items about whether the food families bought did not 
last and if they could afford to eat balanced meals as well 
as items that asked about changes they may have made 
because there was not enough money for food such as 
eating less or skipping meals [34, 35].

Other data collection activities and procedures, includ-
ing child 24-h dietary recalls, child accelerometry, child 
psychosocial surveys, and real-time data collection of 
frequency and quality of family meals and snacks are not 
reported here and are described in detail elsewhere [19]. 
We used University-supported Research Electronic Data 
Capture (REDCap) software (http:// www. proje ct- redcap. 
org/) and data were saved directly to UMN password-
protected servers. Data collection visits took 1.5–2 h. 
Families received a $25 gift card for each in-person data 
collection visit, plus additional gift cards for completing 
other measures for a total of up to $75 for each meas-
urement visit [19]. All recruitment and data collection 
procedures and materials were approved by the UMN 

http://www.project-redcap.org/
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Institutional Review Board. All intervention related 
activities were approved by Quorum Institutional Review 
Board (an external IRB for Allina Health).

Randomization
After baseline data collection, families were rand-
omized to either the NU-HOME program (n = 58 
child/parent dyads) or the wait-list control (n = 56 
child/parent dyads) by the study statistician using a 

computer-generated randomization schedule in Stata 
version 15 (StataCorp LLC, College Station, TX). The 
research team was not blinded to study group assign-
ment owing to the nature of the behavioral interven-
tion. Families randomized to the wait-list control 
group were invited to participate in an abbreviated 
program after all data collection was complete for 
their cohort. See Fig.  1 for recruitment and retention 
information.

Fig. 1 NU‑HOME Consort Flow Diagram for Randomized Clinical Trial. This figure was published in Contemporary Clinical Trials, Vol 100, Fulkerson 
JA, Horning ML, Barr‑Anderson DJ, Linde JA, Sidebottom AC, Lindberg R, Friend S, Flattum C, Freese RL. Universal childhood obesity prevention in a 
rural community: Study design, methods and baseline participant characteristics of the NU‑HOME randomized controlled trial, Copyright Elsevier 
(2021)
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Intervention program
We adapted our team’s previous HOME Plus interven-
tion program shown to be effective in reducing excess 
weight gain among prepubertal youth [22]. The urban 
HOME Plus study was a two-arm randomized controlled 
trial that included 10 monthly two-hour sessions and 
five goal-setting telephone calls to promote family meals 
and healthy eating to prevent childhood obesity [36]. 
The program engaged whole families and was delivered 
in community settings. For the NU-HOME trial in rural 
communities, adaptations were made to the program, 
goals and behavioral messages [36] using Social Cogni-
tive Theory (SCT) [37], a socio-ecological framework 
[38, 39], and community engagement [40] to address 
challenges that rural families might encounter related 
to eating healthy foods and family meals. The scientific 
premise was that in addition to including healthful eating 
and physical activity, identified as key intervention com-
ponents in reviews published at that time [30, 41, 42], 
modifiable behaviors under parents’ control such as types 
of foods served and accessible at home and meal prepa-
ration were logical targets for obesity prevention. Inter-
vention session activities were designed to enhance child 
and parent skills, self-efficacy, and outcome expectations 
related to trying new vegetables, cooking healthful meals, 
sharing mealtimes, and participating in physical activities 
together.

Our NU-HOME program had three primary goals: 
1) eating more healthy family meals, eating more fruits 
and vegetables at meals, and eating proper portion sizes; 
2) increasing the healthfulness of food available at home 
(more fruits and vegetables, fewer sugar-sweetened bev-
erages available, and fewer high fat and high sugar foods 
in the home); and 3) engaging in positive activities as a 
family, including physical activity, having positive conver-
sations at family meals, turning off the TV and not using 
phones or tablets or computers during family meals, and 
cooking together. Although these goals are associated 
with specific outcomes and will be reported in future 
manuscripts, the focus of the present study was on the 
main outcome of child BMI z-score (see outcomes sec-
tion below). The program was designed with seven, 2-h, 
monthly in-person sessions (October–April) with mul-
tiple family groups in community settings and focused 
heavily on experiential learning and skill building. Each 
session was taught multiple times each month to accom-
modate family schedules and about six families attended 
each session. These sessions included taste testing of 
vegetables, a family physical activity, family goal setting, 
separate parent and child sessions focused on activities 
around the monthly topic and ended with eating a fam-
ily dinner together. The intervention also included four 

phone calls conducted individually with parents (after 
sessions 1, 3, 5 and 7) using motivational interviewing 
techniques; parents selected one or more of the goals 
described above [43]. More information about the inter-
vention program can be found elsewhere [19, 36].

Assessment of process variables such as program fidel-
ity, treatment dose and satisfaction are important to 
ensure interventions are delivered as intended and that 
participant attendance and satisfaction are as expected 
[44, 45]. Fidelity assessments comprised of intervention 
staff checklists noting completion of session activities as 
well as trained non-intervention staff observations of ses-
sion activities were completed. Session and parent phone 
call attendance were recorded in REDCap by interven-
tion staff. On the process evaluation survey administered 
to intervention parents, parents were asked whether they 
would recommend the NU-HOME intervention study to 
other families with response options of yes or no. Parents 
were also asked to rate their satisfaction with the NU-
HOME program on a 4-point Likert scale with response 
options of very dissatisfied, dissatisfied, satisfied and very 
satisfied.

Outcomes
The primary outcome measures were age- and sex-
adjusted child BMI z-score and body fat percentage at 
post-intervention. The childhood obesity treatment lit-
erature also often reports changes in percent over 50th 
percentile BMI for samples with negatively skewed BMI 
distributions [31, 32, 46]. Thus, given the higher preva-
lence of overweight and obesity in rural communities, 
we assessed this as a secondary outcome. Incidence (new 
cases) of overweight and progression of obesity to more 
severe levels are also important [47] and was also evalu-
ated as a secondary outcome.

Sample size/power
Sample size and power were calculated for the pri-
mary study outcome of age- and sex-adjusted child BMI 
z-score. Power calculations were based on two assess-
ment time points, correlation over time, and variability of 
age- and sex-adjusted BMI z-scores. The recruitment of 
114 families allowed for a 13% attrition rate for the final 
effective sample of about 100 families. Within-child cor-
relation (ρ) of outcome measures over time were found to 
be 0.90 in our previous HOME Plus trial. Using a base-
line-adjusted analysis approach will allow detection of an 
effect size of 0.25 for age-and sex-adjusted BMI z-score 
between groups with a sample size of 96 (48 per group) 
with 80% power at the 0.05 significance level. This effect 
size corresponds to a 1.4 kg decrease in average weight 
gain between intervention and control groups.
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Statistical analysis
Multiple linear regression models with an intent-to-treat 
analytic approach were constructed for the child weight-
related outcomes of post-intervention BMIz- score, per-
cent body fat, and percent over 50th percentile BMI, with 
the predictor of interest being the randomization group. 
All models were adjusted for the outcome measure at 
baseline, child sex, child age at baseline, and baseline 
household economic assistance. Incidence of increas-
ing weight category was evaluated by defining a binary 
variable indicating whether or not a child increased any 
weight categories from baseline to post-intervention. 
Logistic regression was used with this binary variable as 
the outcome, adjusting for baseline overweight or obese 
weight status, randomization group, baseline child age 
and sex, and family economic assistance. These mod-
els used post-intervention data with the exception of 
four cases where the last observation was carried for-
ward from a mid-intervention visit (within 5–6 months 
of post-intervention data collection) because these par-
ticipants were missing post-intervention outcome data. 
Additionally, the “dose” or minutes of contact with each 
family was made into a high vs low categorical variable 
based on a natural split in a histogram among those in 
the intervention group. We secondarily assessed whether 
or not the dose category had any effect on post-inter-
vention BMIz-score, adjusted for baseline BMIz-score, 
child sex, baseline child age, and baseline household eco-
nomic assistance. Lastly, for the sake of interpretability, 
unadjusted change in weight (kg) was compared between 
the randomization groups using a t-test. All p-values are 
two-sided and considered at the 0.05 level for statisti-
cal significance. Analyses were carried out in R, version 
3.6.1. (R Core Team (2019) [48].

Results
Sample characteristics
Table  1 presents the analytic sample characteristics as 
well as characteristics by treatment group. Adult partici-
pants primarily identified as female, with an average age 
of about 38 years, most were white and approximately 
three-quarters had overweight or obesity. Child partici-
pants were 58.8% girls, about 9 years old on average, pri-
marily white and slightly less than half had overweight 
or obesity. Level of food insecurity was about one in five 
families, with more receiving some form of economic 
assistance.

Program attendance and Fidelity
Figure  2 shows measures of treatment dosage, includ-
ing family attendance at the in-person, monthly sessions 
from October to April which averaged 76%. Comple-
tion of motivational calls are also shown with average 

completion of 67%. We did not see a statistically signifi-
cant effect of dose on post-intervention child BMIz-score 
among those in the intervention group.

Research team members assessed program fidelity at 
sessions 2, 4 and 6 and found high fidelity across sessions, 
indicating the program was implemented as intended 
[45, 49]. At post-intervention, parents in the intervention 
group (n = 52) reported a high level of satisfaction with 
the NU-HOME program; 73% (n = 38) reporting they 
were very satisfied, 27% (n = 14) were satisfied and 0% 
(n = 0) were dissatisfied or very dissatisfied. All parents 
(n = 52, 100%) in the intervention group reported they 
would recommend the NU-HOME study to a friend.

Treatment group differences
Unadjusted change in weight (kg) showed a small, but 
statistically significant difference between groups (mean 
weight change: 4.31 kg increase control group, 3.16 kg 
increase intervention group, p = 0.031). Adjusted linear 
regression showed no significant differences between 
intervention and wait-list control groups in post-inter-
vention child BMI z-score, body fat percentage or per-
cent over 50th percentile BMI (Table  2). Similarly, 
there were no statistically significant group differences 
observed for incidence of increasing weight category 
(Table  2). However, differences were in the expected 
direction with intervention group participants having 
half the odds of increasing weight category (were at lower 
risk) compared to those in the wait-list control group. 
The outcome of body fat percentage showed the biggest 
difference between our intervention and wait-list control 
groups. Child sex was a statistically significant covari-
ate in the overall model with body fat percentage as an 
outcome, therefore, we conducted analyses that stratified 
by sex to assess differences in body fat percent change by 
treatment groups for male and female participants sepa-
rately. Stratified analyses indicate a larger program effect 
on boys in the intervention group compared to boys in 
the wait-list control group, although differences were not 
statistically significant (Table 3).

Discussion
The NU-HOME study was a collaborative effort to adapt 
a previous intervention program with urban commu-
nities to be relevant for rural communities and test its 
effectiveness in modifying childhood obesity. Although 
the intervention program engaged whole families 
and addressed known contributors to obesity such as 
unhealthy eating (high-calorie, low-nutrient foods and 
beverages), unhealthy home food environments (avail-
ability of unhealth foods in the home), and encouraged 
family physical activity and frequent family meals, our 
trial did not show statistically different weight-related 
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Table 1 NU‑HOME study baseline child, parent and household characteristics for the analytic sample (complete cases for the BMI 
z‑score model) and by treatment group

CHILD Characteristics Total Analytic Sample
(n = 102)a

Intervention Group
(n = 56)

Control Group
(n = 46)

Age (years)
 Mean (SD) 9.0 (1.1) 9.0 (1.0) 9.0 (1.1)

 Median [Range] 8.9 [6.9, 11.0] 8.8 [6.9, 11.0] 8.9 [7.0, 11.0]

Sex, N (%)
 Girls 60 (58.8) 30 (53.6) 30 (65.2)

 Boys 42 (41.2) 26 (46.4) 16 (34.8)

Ethnicity, N (%)
 Not Hispanic/Latino 94 (92.2) 52 (92.9) 42 (91.3)

 Hispanic/Latino 8 (7.8) 4 (7.1) 4 (8.7)

Race, N (%)
 BIPOC 7 (6.9) 5 (8.9) 2 (4.3)

 White 95 (93.1) 51 (91.1) 44 (95.7)

BMI Category, N (%)
 Normal or Healthy weight 56 (54.9) 33 (58.9) 23 (50.0)

 Overweight 22 (21.6) 11 (19.6) 11 (23.9)

 Obese 24 (23.5) 12 (21.4) 12 (26.1)

BMI z-score
 Mean (SD) 0.8 (1.0) 0.7 (1.0) 1.0 (0.9)

 Median [Range] 0.9 [−1.4, 3.0] 0.5 [−1.4, 3.0] 1.0 [−0.9, 2.6]

% Over 50% BMI
 Mean (SD) 19.3 (24.6) 16.7 (24.8) 22.3 (24.2)

 Median [Range] 11.9 [−14.9, 107.8] 7.2 [−14.9, 107.8] 15.6 [−8.6, 87.8]

% Body Fat
 Mean (SD) 23.0 (7.6) 22.3 (7.6) 23.8 (7.5)

 Median [Range] 20.8 [13.5, 46.6] 20.4 [13.5, 46.6] 21.7 [14.9, 45.0]

Puberty, N (%)
 Not started puberty 90 (88.2) 52 (92.9) 38 (82.6)

 Started puberty 1 (1.0) 0 (0.0) 1 (2.2)

 Unsure 11 (10.8) 4 (7.1) 7 (15.2)

PARENT/HOUSEHOLD Characteristics
Age (years)
 Mean (SD) 38.0 (5.4) 37.9 (5.1) 38.1 (5.8)

 Median [Range] 38.1 [27.3, 55.0] 38.0 [28.2, 51.0] 38.3 [27.3, 55.0]

Sex, N (%)
 Women 99 (97.1) 55 (98.2) 44 (95.7)

 Men 3 (2.9) 1 (1.8) 2 (4.3)

Ethnicity, N (%)
 Not Hispanic/Latino 97 (95.1) 54 (96.4) 43 (93.5)

 Hispanic/Latino 5 (4.9) 2 (3.6) 3 (6.5)

Race, N (%)
 BIPOC 2 (2.9) 1 (1.8) 2 (4.3)

 White 99 (97.1) 55 (98.2) 44 (95.7)

Marital Status, N (%)
 Married or not married living with significant other 87 (85.3) 45 (81.4) 42 (91.3)

 Separated, divorced, widowed, never married 15 (14.7) 11 (19.6) 4 (8.7)

Education, N (%)
 Less than or equal to High School 11 (10.9) 5 (9.1) 6 (13.0)

 Some college 21 (20.8) 12 (21.8) 9 (19.6)
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BIPOC Black, Indigenous, People of Color
a One child did not have body fat data collected. Incidental missing data for parent information

Table 1 (continued)

CHILD Characteristics Total Analytic Sample
(n = 102)a

Intervention Group
(n = 56)

Control Group
(n = 46)

 Associates degree 13 (12.9) 9 (16.4) 4 (8.7)

 Bachelor’s degree or higher 56 (55.4) 29 (52.7) 27 (58.7)

 Missing 1 1 0

BMI Category, N (%)
 Normal or Healthy weight 24 (24.0) 15 (27.8) 9 (19.6)

 Overweight 36 (36.0) 22 (40.7) 14 (30.4)

 Obese 40 (40.0) 17 (31.5) 23 (50.0)

 Missing 2 2 0

BMI
 Mean (SD) 29.9 (6.9) 28.5 (5.9) 31.6 (7.6)

 Median [Range] 28.6 [19.6, 51.6] 27.8 [19.6, 44.0] 30.0 [20.7, 51.6]

 Missing (pregnant) 2 2 0

% Body Fat
 Mean (SD) 34.8 (8.8) 33.7 (8.6) 36.0 (9.0)

 Median [Range] 33.7 [19.8, 53.2] 31.0 [20.8, 50.8] 36.2 [19.8, 53.2]

 Missing (pregnant or had pacemaker) 3 3 0

Food Insecurity [34], N (%)
 Insecure 19 (18.6) 11 (19.6) 8 (17.4)

 Secure 83 (81.4) 45 (80.4) 38 (82.6)

Economic Assistance, N (%)
 Receives public assistance or free/reduced lunch 31 (30.4) 19 (33.9) 12 (26.1)

 Does not receive public assistance or free/reduced lunch 71 (69.6) 37 (66.1) 34 (73.9)

Fig. 2 Percentage of Family’s Attending Monthly In‑Person Intervention Sessions and Motivational Phone Calls (n = 58 families)
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outcomes between children in the intervention and wait-
list control groups. We did show promising effects for 
body fat percentage at post-intervention by treatment 
group for boys, with lower body fat percentage for boys 
in the intervention group compared to boys in the wait-
list control group. Research is needed to understand the 
clinical importance of body fat changes during preadoles-
cence and whether body fat and other measures of body 
mass are important outcomes to assess in obesity preven-
tion research. Our study’s null findings on BMI z-scores 
of school-age children are similar to the few other exist-
ing family-focused RCTs in rural communities [17, 18]. 
These findings indicate that it is challenging to make 
significant impacts on BMI z-scores and weight status in 
school-age children living in rural community settings.

Because baseline levels of weight-related outcomes 
among school-age children are strong drivers of future 
weight status, intensive family-focused prevention pro-
gramming may require extensive societal policy and 
environmental interventions to mitigate complex fac-
tors that lead to excess child weight gain. An overview of 
Cochrane reviews [50] concluded that school-age chil-
dren may be more influenced by surrounding obesogenic 
environments than younger children. Thus, BMI z-score 
and other weight-related outcomes may not be impacted 
in school-age preteens unless we actively intervene on all 
of the environments that influence their behaviors such 
as school environments, friends and friend’s homes, rela-
tive’s homes as well as the community food and activity 
environments [51] and wider determinants of health that 

perhaps include the influences of genetic make-up [52]. 
Substantial efforts to positively promote healthy eating 
and activity outside of the home and align them with 
home-based activities may be needed. School-age chil-
dren may also be less autonomous than adolescents and 
more reliant on their parents, but the role of friends and 
parents at this age and how to best engage them is yet to 
be determined [50].

Families in rural communities may encounter some 
barriers to healthy eating and activity levels that are 
similar to families living in urban communities such as 
competing family priorities and concerns for child safety 
[16, 17]. However, they may also encounter unique bar-
riers such as long driving distances to healthy food out-
lets and physical activity environments [53]. Although we 
provided gift cards to participating families in our inter-
vention program to offset transportation costs, we did 
not offset the costs associated with grocery shopping for 
healthy foods and travel associated with physical activity 
and sports participation which could have limited inte-
gration of healthy eating and physical activity from inter-
vention sessions into daily family lifestyle behaviors.

Although the NU-HOME study partnered with com-
munity and followed the success of HONU programming 
in the rural communities involved in our study, future 
studies may need to be multicomponent, and address the 
dynamic interrelations among various individual, inter-
personal, organizational, community and policy influ-
ences on overall health of children and their families [51]. 
The prevention of childhood obesity and maintenance of 

Table 2 Post‑Intervention Linear and Logistic Regression Weight‑Related Outcomes by Treatment Group (n = 102)

All models adjusted for baseline value of outcome, child age, child sex, and family economic assistance
a Adjusted difference for the control group in reference to the intervention group
b Incidence of increasing weight status is defined as a binary variable and assessed whether or not a child increased in weight status categories from baseline to post-
intervention (e.g., healthy weight to overweight or obese, overweight to obese)

Linear Regression Outcomes Intervention Mean (SD) Control Mean (SD) Adjusted Differencea 95% Confidence Interval P-value
BMI z‑score 0.69 (1.00) 1.03 (0.89) −0.06 (−0.19, 0.07) 0.342

Body fat percentage 23.68 (8.56) 26.50 (8.86) −1.37 (−3.17, 0.43) 0.135

Percent over 50% BMI 17.03 (25.37) 24.17 (25.67) −1.61 (−4.29, 1.07) 0.235

Logistic Regression Outcome Intervention N (%) Control N (%) Estimated Odds Ratio 95% Confidence Interval P-value
Incidence of increasing weight  statusb 4 (7.14) 6 (13.04) 0.49 (0.11, 1.91) 0.311

Table 3 Post‑Intervention Child Percent Body Fat Stratified by Sex by Treatment Group (n = 101)

All models adjusted for baseline value of outcome, child age, and family economic assistance
a Adjusted difference for the control group in reference to the intervention group

Sex Intervention Mean (SD) Control Mean (SD) Adjusted  Differencea 95% Confidence 
Interval

P-value

Girls (n = 60) 25.27 (7.50) 28.42 (8.87) −0.91 (− 3.33, 1.49) 0.449

Boys (n = 41) 21.85 (9.46) 22.65 (7.74) −2.11 (−4.84, 0.63) 0.128
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healthy weight by promoting healthful diets, activity and 
environments is critical before obesity develops [51].

The present study had several limitations. The NU-
HOME study included a self-selected sample who vol-
unteered to participate and may not be generalizable 
to rural families nationally. The sample was relatively 
small with 102 families in the analytic sample and was 
fairly homogeneous. Although planned contact hours 
(session attendance and motivational calls) were sub-
stantial for our obesity prevention program (14 h in-
person, 2 h by phone), participants did not receive the 
26 contact hours recommended for childhood obesity 
weight-loss treatment programs [54], and perhaps 
more intensity is needed even for universal prevention 
programs given the prevalence of childhood obesity. 
Therefore, future intervention studies should meet the 
26 minimum contact hours and perhaps be more fre-
quent than once per month. Study strengths included 
the rigorous RCT study design; the unique commu-
nity partnerships; objective measurement of weight-
related outcomes; and excellent retention, satisfaction 
and good program attendance at the offered sessions. 
In addition, the intervention program included in-per-
son experiential activities with both parents and chil-
dren and used recommended motivational techniques 
[43] in phone calls with parents to facilitate behav-
ior change. Furthermore, our study aimed to prevent 
childhood obesity by using a universal approach (we 
did not use BMI as eligibility criteria). Yet, although 
primary prevention is recommended based on high-
quality RCT reviews [55], including children that 
represent the full weight status range in the same 
intervention program may impact intervention effec-
tiveness if risk factors differ substantially by weight 
status for additional weight gain as they grow.

To guide future obesity prevention research for ele-
mentary school age children living in rural commu-
nities, findings from RCT reviews [42, 55] and from 
studies conducted to date with families living in rural 
communities suggest that perhaps a combination of 
intensity and sustainability is warranted. The NU-
HOME intervention provided substantial in-person 
hours with parents but sessions occurred monthly and 
thus may not have been of adequate intensity to impact 
child BMI z-scores. In contrast, the study by Brown 
and colleagues on a rural Indian reservation had activ-
ities three times per week but occurred over a short 
11-week timeframe [16]. Intensive, sustained program-
ming along with policy support and community envi-
ronments conducive to healthy eating and activity are 
imperative. Specific next steps include identification of 
the most effective intervention components of existing 
intervention programs [42] and identification of the 

best combination of system support through schools, 
communities, and health care systems. In addition, 
evidence suggests that, for 6–12-year-old children, a 
larger focus on physical activity may be beneficial for 
obesity prevention [55].

Conclusion
Although findings from the NU-HOME study were in 
the hypothesized direction, the lack of statistically sig-
nificant effects of our RCT reinforce how difficult it 
is to make significant impacts on child weight-related 
outcomes in community trials. Rigorous multi-pronged 
interventions with intensive family-focused program-
ming may be required to mitigate complex factors asso-
ciated with excess weight gain among children.
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