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Abstract 
Background: Type 2 Diabetes (T2D) prevalence in rural youth (≤19 years) has increased rapidly since 

the mid-1990’s. An abundance of research exists for urban youth while little focus has been placed on 

rural youth. 
 

Objectives: This scoping review will evaluate prevention program effectiveness in rural youth to 

determine successful program characteristics. Successful programs reduce T2D prevalence or related 

risk factors. 
 

Methods: A literature review examined multiple databases and found 6,490 results after removing 

duplicates. Two teams of two researchers screened abstracts based on inclusion criteria. Full text was 

pulled for the remaining 72 articles, 12 of which met inclusion criteria. Of the 12, four targeted youth. 
 

Results: Program implementation differed regarding duration, meeting frequency,  intervention 

characteristics, and measured outcomes. Of the 4 studies, 2 were successful in reducing BMI while 3 

reported positive changes in behavioral outcomes including diabetes knowledge and perceptions of 

peer and social relationships. 
 

Conclusion: Effective T2D prevention programs for rural youth must be modified to fit cultural and 

socioeconomic differences. School-based programs provide modest improvements but targeted 

prevention programs are necessary for those at-risk. Costs can be mitigated by seeking outside 

funding, charging a small fee, and having community health workers deliver the program.  
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Background 
Type 2 diabetes mellitus (T2D) is a chronic endocrine disorder that effects the body’s ability to use 

sugar. Normally, your body uses a hormone called insulin to get sugar into your cells which is used to 

support everyday activities like walking, digesting food, making your heart beat, and even thinking. 

With T2D, the body either stops making enough insulin, the cells stop responding to insulin, or both. As 

a result, sugar builds up in your blood which causes issues throughout the body that can lead to heart 

attack, stroke, vision problems, numbness in the hands and feet, and more [2, 3]. 

 

Prevalence 
The prevalence of T2D has increased rapidly over the last decade. Once considered a Western disease, 

T2D is becoming increasingly widespread, impacting both industrialized and developing nations across 

the globe. In 2014, the World Health Organization estimated that 422 million people have diabetes, up 

from just 108 million in 1980. This substantial increase has occurred worldwide at all income levels, 

though the prevalence has risen faster in low- and middle-income countries [4]. These rates closely 

mirror the global increase in those who are overweight or obese [4]. Worldwide, more than 39% of 

adults and over 381 million children were overweight or obese in 2016 [5]. Overweight and obesity 

lead to insulin resistance which is an important component in the development of T2D [6]. 

 

Affected Populations 
Although T2D was previously colloquially called “adult-onset diabetes”, the prevalence in youth (19 

years of age and younger) has increased dramatically over the last 20 years [7, 8]. The U.S. saw a 30.5% 

increase in youth diagnoses from 2001 to 2009 [9]. A 2014 estimate suggests that approximately 5,000 

new children (2.3% annual increase) are diagnosed with T2D per year. A more recent estimate from 

2017 states the average increase in new diagnoses is increasing at 4.8% per year [10]. If this diagnosis 

rate continues, the CDC estimates that T2D prevalence in youth will quadruple by 2058 [7]. 

Risk factors for developing T2D include obesity, family history, and low socioeconomic status; 

females are approximately 1.5% more 

likely to be diagnosed than males [7, 11, 

12]. This gender inequality may be due 

to the increased prevalence of T2D in 

women with polycystic ovary syndrome 

[12]. Increasing rates of obesity strongly 

correlate with the increased prevalence 

of T2D in children, with more than 85% 

of children considered overweight or 

obese when diagnosed [13]. Children 

who have a family history of T2D are 

more susceptible to diagnosis, especially 

when they have a first degree family 

member (parent or sibling) that is obese 

[13]. Those from racial and ethnic 

minority groups are also at increased 

Figure 1 T2D prevalence in youth (10-19 years old) by race and ethnicity 

per 10,000 as of 2009. NHW: non-Hispanic white, API: Asian Pacific 

Islander, H: Hispanic, AA: African American, AI: Native American 
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risk, especially those from Native American Indian, Hispanic, Canadian First Nation, African American, 

Asian-American, and Pacific Island backgrounds (Figure 1) [7, 11-13]. Puberty is also associated with a 

high possibility of developing diabetes in at-risk youth. This is because, in puberty, insulin sensitivity 

decreases roughly 50% which causes insulin secretion to increase in response. This can result in 

hyperglycemia (high blood sugar), especially in those with a higher susceptibility due to family history 

or race/ethnicity [14]. Additionally, children from families of low socioeconomic status are two times 

more likely to have T2D compared with their wealthier counterparts [11].  

The number of people with T2D in rural areas rapidly increased from 5.7% to 8.7% between 1989 

and 2011 [11]. This alarming increase is associated with the increase in childhood obesity and has 

remained steady in youth for more than 5 years despite a multitude of available prevention programs 

[12].  Although it has been reported that T2D affects rural youth, there are few studies that identify the 

prevalence and even fewer that discuss the effectiveness of prevention programs in this population.  

 

Prevention & Prevention Programs 
The high blood glucose levels seen in T2D cause a multitude of comorbidities ranging from 

cardiovascular disease to peripheral nerve damage [13]. Treatment is necessary to slow the damage 

caused by high blood glucose levels, but it is important to note that the progression of T2D cannot be 

reversed once blood glucose reaches the diagnostic level (fasting plasma glucose greater than 125 

mg/dL) [12]. Impaired glucose tolerance that is above the normal range but below the diagnostic range 

for diabetes indicates prediabetes which can be prevented. For this reason, prevention programs are 

vital in halting the progression of impaired glucose tolerance to prevent progression to T2D [3].  

Prevention is possible through lifestyle changes including behavior modification, dietary changes, 

and increased physical activity. Candidates for targeted prevention programs are typically those who 

have been diagnosed with prediabetes or who have multiple risk factors for T2D [3]. Risk factor criteria 

include overweight or obese, family history of diabetes in a first degree relative, hypertension, 

dyslipidemia, high fasting blood glucose (96-125 mg/dL), or those from a high-risk ethnic or racial 

background [3, 12]. The goal of lifestyle intervention programs are to promote weight loss, diet 

modification, and regular exercise to slow the progression of impaired glucose tolerance [3].  

The Finnish Diabetes Prevention Study and the Diabetes Prevention Program (DPP) have 

demonstrated that lifestyle intervention programs are effective at reducing the incidence of T2D by 

58% [3]. The DPP has also shown that the risk of getting T2D decreases 16% for every 2 pounds of 

weight lost through lifestyle changes [15]. The Finnish Diabetes Prevention Study found that lifestyle 

interventions are effective for at least three years following intervention [3].  

Prevention programs that focus on lifestyle interventions recommend a low-calorie, low-fat diet 

combined with physical activity [3, 15]. While diet or exercise alone have moderate effects, lifestyle 

interventions are most effective when both methods are combined and maintained for at least two 

years [3]. These programs focus on moderate exercise (e.g., brisk walking) for 150 minutes per week 

combined with weekly dietary counseling [15]. Dietary counseling that is individualized and culturally 

sensitive has been highly effective [15]. Treatment with metformin, a medication that stops the body 

from producing glucose, is also an effective method of reducing the incidence of diabetes. However, 

metformin was found to be 27% less effective than lifestyle intervention [15]. The positive effects of 

lifestyle intervention and metformin were both irrespective of gender, race, or ethnic group [15].  
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The American Diabetes Association, American Association of Diabetes Educators, and the Y.M.C.A. 

have implemented the DPP in multiple locations across the U.S. [7, 16]. Although these programs were 

all implemented for adult populations, there have been promising pilot studies in youth [7, 16-18]. We 

suspect that similar intervention programs that target at-risk youth would yield similar results. 

 

Program Adaptations for Rural Youth 
Despite a multitude of programs for adults, very few programs are tailored to the needs of the younger 

population, especially those in rural areas. Rural areas are defined as any housing area or territory with 

fewer than 2,500 people [19]. The 2015 Census identified 60 million people (19.3% of the U.S. 

population) living in rural areas, approximately 13.4 million of which are under 18 years old [20]. The 

rural population in the U.S. experiences high rates of health disparities including increases in disease 

prevalence and mortality rates along with decreases in life expectancy [17]. Several factors increase 

the risk of health disparities for the rural population including lower socioeconomic status, fewer job 

opportunities, and geographic isolation [16]. Rural populations also report lower levels of physical 

activity and higher prevalence of obesity, two major contributors to increased T2D risk [16]. Rural areas 

also tend to have fewer physicians [17, 21]. In fact, only 9% of doctors and 16% of nurses in the U.S. 

practice in rural areas [21]. Access to quality healthcare, concerns about nutrition and weight 

counseling, and diabetes were identified as the most important concerns by survey respondents from 

rural areas in the Rural Healthy People 2020 study [21].  

Most prevention programs do not consider how the needs and resources of rural youth differ from 

those in more populated areas [21]. Low cost prevention programs are a must for those that are 

geographically isolated and have lower socioeconomic status since they often don’t have the financial 

resources or transportation necessary for year-long prevention programs [21]. Interestingly, T2D tends 

to present in adolescents after the after of 10, with most showing after puberty (around 13 years of 

age) [12]. Since insulin resistance develops over the course of several years [12], it is likely that 

educational programs that begin early in a child’s life will be more impactful than one that tries to 

prevent the problem after it has already started. 

Programs that target rural youth should also consider family support and parental involvement. 

Several studies of children with T2D have identified that parents struggle with helping their child 

manage T2D and have stated that they struggle with setting a positive, healthy example for their 

children [13]. Parental involvement and support is even more vital in prevention, when being ‘at risk’ 

for this relatively invisible disease is often viewed as less detrimental than being diagnosed with the 

disease itself. Therefore, it is important for prevention programs to involve parents and caregivers to 

help them understand how to manage their child’s health and act as a positive role model.  

 

Study Aim 
The purpose of this scoping review was to determine what T2D prevention programs are available to 

at-risk rural youth and to evaluate the features of prevention programs that make them successful. 

Successful programs are defined as those that reduce T2D prevalence or related risk factors. Shockingly 

few studies focus on T2D in the younger population and even fewer look at those living in rural areas. 

When considering that having a first degree relative (parent or sibling) with T2D is a major risk factor, it 

is natural to assume that rural adults with T2D have children who are at risk of developing the disease 

in adolescence and early adulthood.  
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The scoping review format was chosen in order to gain an understanding of the extent and nature 

of research on T2D prevention programs for rural populations. The purpose of this scoping study was 

to identify key concepts, research gaps, and sources of evidence in the literature regarding T2D 

prevention for rural youth. The research questions were: 

1. What diabetes prevention programs currently exist that focus on the needs of rural youth? 

2. What aspects of prevention programs are more efficacious for those living in rural areas? 

3. How can programs be implemented by practitioners in a sustainable manner? 

Methods 
This thesis is a companion to a scoping review manuscript completed by a larger group (writing in 

progress at the time this thesis was completed).  

 

Scoping Methodology 
The five steps for scoping studies defined by Levac et al [22] and Arskey and O’Malley [23] were 

followed, with steps 2-5 following PRISMA statement for reporting systematic reviews and meta-
analyses methods [24]. 

1. Determine the research questions 

2. Identify relevant studies 

3. Exclude studies not matching inclusion criteria 

4. Chart data 

5. Gather, summarize, and report results 

 

Identifying Relevant Studies 
A literature search was performed by Dr. Carol Howe, a medical librarian in the University of Arizona 

Health Sciences Library, and was completed on August 11, 2017. The search used key words and 

controlled vocabulary terms such as MeSH and EmTree to search Ovid/MEDLINE, Elsevier/Embase, 

Elsevier/Scopus, Wiley/Cochrane Libaray, Clarivate/Web of Science, EBSCO/CINAHL, EBSCO/PsycInfo, 

EBSCO/ERIC, and ProQuest/Scoiological Abstracts. 12,840 results were found from all sources 

(Appendix A). Relevant articles were added from citation analysis and duplicates were removed leaving 

6,490 articles (Figure 2).  

These articles were divided in half with each half assigned to two screeners (one undergraduate 

student and one Assistant Professor in Nutrition Sciences). The screeners independently screened titles 

and abstracts for relevance based on the initial inclusion criteria. The initial inclusion criteria was 

intentionally broad and screeners erred on the side of inclusion. Articles were included if they were: (1) 

scholarly articles on studies in the United States, Canada, or Mexico; (2) written in English; (3) 

discussed T2D prevention; (4) took place in rural areas, though programs implemented in rural and 

urban settings were included. Articles were to discuss implementation, not just outcomes. Articles that 

discussed (1) type 1 diabetes mellitus, (2) diabetes treatment, or (3) focused on urban areas only were 

excluded. Additionally, articles were excluded if they concentrated on outcomes without details of 

implementation. Conflicts were resolved by the professors and resulted in exclusion of 6,418 articles.  

The full text was then obtained for the 72 remaining articles and were evaluated by the professors 

based on refined criteria: (1) We included papers that discussed prevention programs for rural youth 

and adults with the understanding that cultural adaptation would sometimes be involved. (2) We also 
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included studies focused on gestational diabetes and metabolic syndrome. (3) Studies that have both 

rural and urban interventions were included so long as the results for urban populations were 

separated from rural. (4) We excluded protocol papers, focus groups, formative studies, and (5) those 

where diabetes prevention wasn’t a primary outcome. (6) Studies that focused on cultural adaptation 

more than diabetes prevention were also excluded. 12 articles met the refined criteria. 

 

Data Extraction 
The 12 included articles were divided in half and each half was assigned to two researchers (one 

undergraduate and one graduate student) for individual extraction. Data was charted in an Excel table 

Records identified through database 
searching  
(n =12840) 

S
c
re

e
n

in
g

 
In

c
lu

d
e

d
 

E
li

g
ib

il
it

y
 

Id
e

n
ti

fi
c
a

ti
o

n
 

Records after duplicates removed  
(n =6490) 

Records screened  
(n =6490) 

Records excluded (not 
relevant per titles/abstract  

(n=6418) 
)) 

Full-text articles assessed 
for eligibility  

(n =72) 

Full-text articles excluded (n=60)  
Reasons: 

1. Duplicate study/data (n=5) 

2. Not a research study (n=2) 

3. Not diabetes (n=1) 

4. Not enough data (n=17) 
5. Not rural or no way to separate rural from 

non-rural (n=16) 
6. No outcome data (n=8) 
7. No diabetes intervention (n=3) 
8. Not about diabetes prevention (n=7) 
9. Systematic review (n=1) Full-text articles that met 

inclusion criteria  
(n=12) 

 

Additional records identified through 
citation analysis of relevant articles 

 (n=15) 
 

Duplicates (n=6365) 

Figure 2 PRISMA flow chart describing literature search and article inclusion criteria. 
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that included categories for sample characteristics, research design, diabetes prevention program, 

measurement, and findings. The individual data was combined into one table and articles were re-

reviewed to ensure no data was missing. Of 12 studies included in the manuscript, three focused on 

rural youth [25-27] while the fourth was a community health promotion program targeting both youth 

and adults [28]. Those four articles will be discussed in this thesis. Results of adult data for the 

community health promotion program will not be discussed here. 

Results 
Program Description 
Two studies took place in the U.S. and two in Canada (Table 1). Study locations varied and included a 

rural mountainous community [28], rural American Indian community [25], and two aboriginal 

communities [26, 27]. All four studies focused on indigenous populations including Cherokee Indians 

[28], American Indians [25], First Nation [26], and Mohawk [27]. Participant age ranged from 5 to 19 

years old [25-28].  

The health promotion program differed from the other studies in that specific details of the 

intervention program were not described. Since this program differed so greatly from the others, it will 

be discussed separately. The youth aspect of the study took place in a Cherokee Indian elementary 

school with 600 children between 5-12 years old over the course of one year. The purpose of the study 

was to “increase awareness of diabetes as a serious health issue, promote physical activity and 

enhance knowledge about good nutrition, […] and encourage healthy choices and general well-being 

with an overall objective to reduce the risk of diabetes.” [28] The program was implemented at a 

systemic level at the elementary school with program components that included increasing fresh fruit 

and vegetable options in school lunch, encouraging increased physical activity, and other activities that 

promoted increasing diabetes knowledge and cultural change. Teachers and paid mentors ran the 

program. The outcomes of the study were qualitative: majority of participants reported they felt they 

were making healthier food choices and had improved peer and social relationships. 

Of the remaining three programs, one took place in a community center and two took place in 

elementary schools. The school-based programs targeted children attending the school regardless of 

whether students were identified to be at risk of developing diabetes and were delivered after school 

[26] or in the classroom [27]. The study located in a community center targeted youth at-risk for T2D, 

diagnosed with pre-diabetes, or diagnosed with diabetes [25]. Program frequency and duration varied 

greatly among the studies: biweekly for 6 months [25], weekly for 5 months [26], or 10 times per 

academic year [27]. Programs leaders were American Indian paraprofessionals [25], peer mentors from 

higher grades [26], and classroom teachers [27].  

 

Biomedical Risk Factors 
BMI & BMI Z-Score 
BMI Z-score is a method of comparing a child’s weight to a reference population. According to the 

World Health Organization, BMI Z-score is considered the best method of population-based 

assessment in children [29]. Two studies measured BMI Z-score. One reported a net difference of -0.09 

in all children with a smaller decrease (-0.04) in obese children [26]. The other study described only the 

end value of 2.31 as not significant with no details on pre-intervention values [25]. A third study 

measured BMI but did not convert it to a Z-score. This study found that both intervention and 
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comparison groups had increases in BMI (+1.80 and +2.04 kg/m2, respectively), but the intervention 

group saw a smaller increase compared with comparison [27]. 

 

Weight 
Weight was measured in two of the studies. Chambers et al [25] did not report values prior to the 

intervention but reported that 13.5% of participants were overweight and 82.6% were obese after 

intervention. Paradis et al [27] stated that weight was measured but data was not reported. 

 

Waist Circumference 
One study measured waist circumference and found a net difference of -2.5 cm in all children with a 

smaller net difference (-2.2 cm) when evaluating only overweight and obese children [26]. Chambers et 

al [25] stated that waist circumference was measured but did not report results. 

 

Behavior Risk Factors 
Physical Activity 
Paradis et al [27] evaluated physical fitness, frequency of physical activity, and sedentary activity in 

intervention and comparison communities. They found that frequency of physical activity increased by 

23% in both communities. However, gym class time per week decreased in the intervention group from 

2.84 times per week to 1.85 times per week while the comparison group increased from 1.71 times per 

week to 2.18 times per week. This correlated with the results of the run/walk test for physical fitness: 

average time for intervention decreased 22% while comparison improved 8%. Sedentary activity for 

the intervention group improved with a decrease in TV watching during the school week, but no 

change was reported in either group for TV watching on Saturdays. 

 

Nutrition 
Two studies measured nutrition habits in participants before and after intervention. Neither saw 

significant changes in any of the following consumption of fat, sugar/sweets, fruit, vegetables, and 

grains [25, 27]. 

 

Diabetes Knowledge 
Two studies evaluated diabetes knowledge. One reported a significant change with the final mean 

score of 45% correct on the diabetes knowledge assessment [25]. The same study also evaluated joint 

responsibility between parents and children for preventing or managing diabetes. More than half 

(≥69%) stated that a support person was responsible for obtaining medical care while youth had a 

greater role in behavioral outcomes. A second study reported that knowledge of healthy foods, 

physical activity, self-efficacy, and body image improved after intervention [26]. 
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Table 1 Findings from T2D Prevention Studies for Rural Youth 

Author 
(Year) 

Study Design Sample 
Characteristics 

Prevention Program Biomedical Outcomes Behavioral Outcomes 

Bachar et 
al (2006) 
[28] 

School intervention 

activities; no 

explicit study 

design; primarily 

qualitative  

N = 600; Qualla 

Boundary, North 

Carolina; 5-12 years 

old; M and F; 

Cherokee Indian 

Group; 1 yr; no f/u; 

community mentors; 

elementary school 

None Perceptions: majority 

improved peer and social 

relationships 

Chambers 
et al 
(2015) 
[25] 

Pre-post with one 

intervention (no 

comparison) Adapt 

the program to fit 

the cultural needs 

of the population 

 

N = 408; Baltimore, 

Maryland (rural 

American Indian 

Communities); 13.2 

years old; 56.2% M; 

American Indian; 

13.2% diagnosed with 

diabetes 

Individual and group; 

6 mo intervention 

(four 30 min home-

based lessons, 

biweekly group 

wellness); 6 mo f/u; 

American Indian 

paraprofessionals; 

community center 

Weight: 13.5% overweight, 

82.6% obese 

BMI Z-Score: 

O: 2.31 ø 

F: 2.20* 

M: 2.41 ø 

BP: 32.5% with hypertension 

HbA1c: 

   80 normal ø 

110 prediabetes ø 

29 diabetes ø 

Food security: 40% low to 

very low ø 

Food intake: fat kcal, 

sweets kcal, fruit 

servings, vegetable 

servings, grain servings ø 

Knowledge test: 45% 

correct*** 

Quality of life: 75.2% ø 

Depression: 17.1% 

screened positive 

Shared responsibility for 

T2D or prediabetes 

management: ≥69% had 

support person, youth 

had increased role in 

behavioral outcomes 

Eskicioglu 
et al 
(2014) 
[26] 

Quasi-

experimental with 

parallel 

nonequivalent 

control arm 

N = 180; elementary 

school in Garden Hill 

First Nation, 

Northeast Manitoba, 

Canada; 9.7 years old; 

58% F; First Nation 

Group; 5 mo 

intervention (90 min 

per wk); no f/u; 

mentors in grades 7-

12; elementary 

school (after school) 

BMI Z-Score: 

all: -0.09** 

overweight & obese: -0.04* 

WC:  

all: -2.5 cm*** 

overweight & obese: -2.2 cm* 

Knowledge of healthy 

foods: increased 

Body image: increased 

Knowledge of physical 

activity: no 

improvements 
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Table 1 (continued) 
Author 
(Year) 

Study Design Sample 
Characteristics 

Prevention Program Biomedical Outcomes Behavioral Outcomes 

Paradis et 
al (2005) 
[27] 

Mixed cross-

sectional and 

longitudinal design 

with nonequivalent 

comparison group 

N = longitudinal 

study, fairly constant 

enrollment; 

Kanien'keha:ka 

community, Quebec, 

Canada; 6-11 years 

old; M and F; 

Mohawk 

Group; 10 45-min 

lessons per yr per 

grade; no f/u; 

classroom teacher; 

elementary school 

(classroom) 

Weight: not defined 

BMI:  

I: +1.80 kg/m2 

C: +2.04 kg/m2 

Physical activity frequency: 

I & C: +23% 

Gym class: 

I: -0.99 times/wk 

C: +0.47 times/wk 

Physical fitness (run/walk 

test time): 

I: -22% 

C: +8% 

TV watching during school 

week: 

I: decreased 

C: no change 

TV watching on Saturdays: 

I: no change 

C: no change 

Nutrition: no significant 

change in sugar, fat, 

fruit, and vegetable 

consumption 

Abbreviations: M: male, F: female, f/u: follow up, O: overall, I: intervention, C: comparison, WC: waist circumference, BP: blood pressure, SBP: systolic blood pressure, DBP: 

diastolic blood pressure, TC: total cholesterol, HDL: high-density lipoprotein, LDL: low-density lipoprotein, TG: triglycerides, yr: year(s), mo: month(s), h: hour(s), min: 

minute(s), ø not significant, * p < 0.05, ** p < 0.01, *** p < 0.001, mean values unless otherwise noted 
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Other Intervention Measures 
Less frequently measured interventions include skinfold thickness, blood pressure, HbA1c, food 
security, depression, and quality of life. Chambers et al [25] assessed the majority of the 
aforementioned outcomes. 32.5% of participants were considered hypertensive, as defined as systolic 
and/or diastolic blood pressure greater than the 90th percentile. Evaluation for HbA1c found that 
36.5% were normal (<5.7%), 50.2% had prediabetes (5.7-6.4%), and 13.2% had diabetes (≥6.5%). 40% 
reported low or very low food security within the last month. The median quality of life score was 
reported at 75.2% while 17.1% screened positive for depression. Paradis et al [27] evaluated 
subscapular and triceps skinfold thickness and found smaller increases in the intervention group (+35% 
and +36%, respectively) compared with the comparison group (+65% and +62%).  

Discussion 
The purpose of this scoping review was to evaluate diabetes prevention programs for at-risk rural 
youth. Of 6,490 articles that met search terms, only 4 studies described prevention programs specific 
to youth in rural areas. The limited number of studies indicates that this area of research is not 
receiving sufficient focus and demonstrates a greater need for prevention programs targeting this 
population.  

Among the four studies, programs differed in duration, meeting frequency, intervention 
characteristics, and which outcomes were measured. Only BMI, nutrition habits, and diabetes 
knowledge were measured and reported by more than one study. Dietary habits did not significantly 
change after intervention for either program while outcomes for BMI and diabetes knowledge were 
mixed.  

BMI (or BMI Z-Score) was the most commonly measured outcome. Although not all programs were 
successful in decreasing BMI in participants, those that increased saw a smaller increase in the 
intervention group compared with the comparison. This downward trend indicates that prevention 
programs can be effective in helping participants lose weight. One study separated results for 
overweight and obese from all children and found that BMI decreased to a lesser extent in overweight 
and obese children. This suggests that delivering prevention programs to all youth, rather than just 
those at risk for developing T2D, is beneficial in promoting health in the population as a whole, but 
community-wide interventions like three of the four included studies may not be sufficient to reduce 
prevalence in those identified as “at risk”.  
 

Implementing an Effective Program 
It is difficult to say with certainty what would be effective for this population without more research on 
wider ethnic and cultural applications. As seen in the larger review on adults and youth, the DPP and 
other similar programs have been effectively modified for group interventions [25-28, 30-37]. These 
programs have shown to be more efficacious with regular follow up for at least 12 weeks following the 
core program. Based on this and other aforementioned evidence, I propose the following guidelines for 
implementing an effective and sustainable program, the details of which are included below: 

1. Prevention Programs 
a. Offer targeted programs, allow the program to include those at risk for or diagnosed 

with T2D 
b. Adapt the program to fit the cultural needs of the population 
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c. Regular contact with participants during and after the core intervention 
2. Reaching More At Risk Participants  

a. Group interventions can extend reach while keeping costs down 
b. Implement telehealth in addition to in-person interventions to expand the number of 

youth reached 
3. Managing Cost 

a. Charge a fee  
b. Seek outside funding 
c. Utilize paraprofessionals, community health workers, or volunteers for program delivery 

For the most part, these recommendations mirror the recommendations outlined in the 2018 
Standards of Medical Care in Diabetes [38]. 
 
Prevention 
Targeted program  
It was previously noted that candidates for targeted prevention programs typically have prediabetes or 
multiple risk factors for diabetes. Three of the four interventions took place in elementary schools 
where the intervention was delivered to all students regardless of their risk for T2D. It is worth noting 
that the intervention that was not carried out in a school setting included participants who were 
already diagnosed with T2D. This is an important consideration for rural prevention programs. 
Although clinical trials would ideally include only those at risk, real world implementations in small 
rural communities are more likely to be inclusive of all who are interested in participating. These 
programs are likely to be helpful for the population as a whole since they teach all children healthy 
lifestyle habits.  

School-based prevention programs are an important starting point for prevention and promoting 
better overall public health as demonstrated by improvements in BMI and physical activity in youth 
participants. Improvements in diabetes knowledge test scores, body image, and perceived social 
relationships are evidence that prevention programs impact more than the physical health of rural 
youth. However, it is also important to have a targeted prevention program specifically aimed at 
weight loss and diabetes prevention to keep at-risk youth from developing T2D. Such a program could 
be offered in health care or community centers in rural areas.  
 
Adapt to Cultural Needs 
Interestingly, all included studies focused on indigenous populations in the U.S. and Canada. All of the 
studies emphasized local culture and adapted various aspects of the program to better fit the culture. 
This is in line with the DPP acknowledgement that it is important for the intervention to address 
cultural differences [39]. Some examples specific to the studies in indigenous youth include 
incorporating traditional foods in nutrition education, adapting the program to the style of learning 
that the youth were accustomed to, and meeting with tribal leaders to gain community involvement 
and implement community-level changes. In April 2017, a study describing U.S. diabetes prevalence 
from 2002-2012 reported that Native American youth (age 10-19) saw the greatest annual increase in 
new T2D diagnoses (8.9%) with Asian American and Pacific Islanders (8.5%), African Americans (6.3%), 
and Hispanics (3.1%) not far behind [10]. Since all four studies were adapted to indigenous cultural 
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needs, more research is necessary to determine if similar programs would be effective in other racial 
or ethnic populations. 
 
Regular Contact & Follow up 
The DPP identified that lifestyle changes would require maintenance sessions to maximize adherence 
[39]. The follow up study to the DPP, called DPPOS, showed that the beneficial effects of the 
intervention lasted 10 years [3]. Therefore, it is recommended that regular contact (at least once every 
two months) be maintained with participants to ensure adherence to lifestyle changes. The author was 
unable to find guidelines regarding the duration of the maintenance period. 
 
Reach 
Group Intervention 
All four programs evaluated in this study included a group component. Although the DPP was designed 
for individual intervention during the core program [39], presenting the information in a group format 
would provide the opportunity to reach more participants while reducing program cost [38]. The 
Center for Medicare and Medicaid Services (CMS) recently announced they will be offering a modified 
group-based version of the DPP for Medicare recipients [40]. An option for those with Medicaid may 
be coming soon. 
 
Telehealth 
Telehealth group programs may be useful in areas where rural towns are spread out, especially for 
larger organizations such as county or state prevention efforts. Telehealth group program delivery has 
also shown to be an effective way to reach larger audiences. One study in adults (mean age 51.7 years) 
delivered a group intervention to telehealth and in-person participants simultaneously and found no 
significant difference in outcomes between groups [37]. This type of program would require a program 
facilitator at the in-person site as well as a coordinator for each telehealth site, but costs could 
potentially be lower than delivering the same program in multiple locations. 
 
Mitigating Cost 
There are cost-effective measures for implementing and sustaining a diabetes prevention program for 
youth beyond using a group setting. 
 
Program Fees 
Straight [31] implemented a program for adults 20 to 60 years old in a small primary care office 
designated as a Federally Qualified Health Center. The program was estimated to cost $520 for 40 
participants including recruitment, materials for the instructor and participants, incentives, and class 
materials. Boltri et al provided an implementation program for rural adults in a church setting that cost 
roughly $950 for 6 sessions or $1,080 for 16 sessions, both of which included a 6- and 12-month follow 
up. The costs included glucose testing supplies, materials for participants and instructors, and scales 
for the churches [32].  

Straight [31] suggested a program fee as small as $5 could cover most of the material costs for the 
program, though participants have been willing to pay anywhere from $60 [31] to as much as $550 
[35]. Boltri et al stated that most people will only participate if the program is subsidized [32], so 
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clearly the amount participants are willing to spend varies. Since most rural inhabitants are low 
income, a smaller fee or subsidized program may be more reasonable for this population. 
 
Funding 
Alternative funding options include grants and partnering with agencies that make prevention 
programs more cost-effective such as Medicaid and other health plans. The CDC offers grants to those 
serving vulnerable populations. Partnering with one of the grantee organizations may also provide 
financial means to disseminate a T2D prevention program. 
 
Program Delivery  
Paraprofessionals, community health workers, and volunteers can successfully run the program after 
sufficient training, which would also reduce program cost [38]. The Cooperative Extension System, a 
part of the National Institute of Food and Agriculture, is involved in disease prevention with regard to 
obesity and offers nutrition programs in addition to a healthy weight program targeted at children [41].  
 

Limitations  
Those who work closely with Native American communities have found that results from intervention 
programs are often not published in the literature. It is very likely that diabetes prevention programs 
have been initiated and evaluated in these communities but effectiveness of these programs were not 
published in journals or available for public access.  
 

Other Factors Worth Consideration 
The proportion of people with T2D in rural areas is greater than in urban areas. It is possible that rural 
areas are not getting the focus they need because they have smaller populations, and fewer healthcare 
professionals per capita. 

Age of onset for T2D in youth often corresponds with puberty. This is because the physiological 
changes that occur in puberty result in lower insulin sensitivity and a subsequent increase in insulin 
secretion. It is likely that overweight or obese youth are at risk at younger ages but are not 
symptomatic until puberty (around 13 years old). An April 2018 article found that risk of developing 
T2D was reduced in children who were overweight but lost weight prior to puberty. The study also 
found that those who became overweight in early adulthood were at lower risk of developing T2D than 
those who were overweight during the time spanning puberty to early adulthood (Figure 3) [1]. It was 
also posited that puberty-onset T2D may be reversible in some youth since insulin resistance 
somewhat resembles gestational diabetes [14].  

For these reasons, it is important for youth to be adequately educated regarding healthy diet and 
lifestyle choices early in life so as to prevent obesity and onset of T2D in puberty. It is also important to 
evaluate children for T2D risk factors and initiate prevention programs early in the cycle.  

This thesis is timely in that, in March 2018, the American Diabetes Association updated their 
recommendations for screening youth for T2D. The ADA recommends that children and adolescents be 
screened if they are overweight or obese (BMI ≥ 85th percentile for age and gender) and have one or 
more risk factors, even if they are asymptomatic. These risk factors include family history of T2D in 1st 
or 2nd degree relative, member of a high-risk race or ethnic group (Native American, African American, 
Hispanic, Asian American, or Pacific Islander), signs of insulin resistance in physical examination, 
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maternal history of diabetes or gestational diabetes during the child’s pregnancy. Prior to the 2018 
update of Standards of Medical Care in Diabetes, two additional risk factors were required for children 
to be screened. The 2018 update also recommends that screening begin at age 10 or at onset of 
puberty, whichever is sooner, and screening is repeated every three years in asymptomatic youth [12]. 
More inclusive screening guidelines and increasing rates of T2D in youth are further evidence that this 
problem needs to be addressed early. 
 
  

Figure 3 Effect of being overweight before puberty (7 years old), during puberty (13 years old), or in early 
adulthood (EA) on the risk of having T2D at 30 and 60 years old, as reported in Bjerregaard et al [1]. 
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Appendix A 
Key words and controlled vocabulary terms used in the literature search. Includes the number of 
records returned in the search. 
  

Searches Results 

32 5 and 10 and 31 3237 

31 17 or 30 227393 

30 or/18-29 191830 

29 "inequalit*".ab,kw,ti. 22574 

28 "disparit*".ab,kw,ti. 48747 

27 non-metropolitan.ab,kw,ti. 454 

26 nonmetropolitan.ab,kw,ti. 581 

25 "Indian Health Service*".ab,kw,ti. 788 

24 National Health Service Corps.ab,kw,ti. 132 

23 under-served.ti,ab,kw. 314 

22 underserved.ab,kw,ti. 7555 

21 "physician shortage* ".ab,kw,ti. 495 

20 rural.ab,kw,ti. 115709 

19 "remote communit* ".ab,kw,ti. 1010 

18 "remote area* ".ab,kw,ti. 3865 

17 11 or 12 or 13 or 14 or 15 or 16 102676 

16 exp Healthcare Disparities/ 12211 

15 exp Poverty Areas/ 5527 

14 exp Rural Population/ 51421 

13 exp Rural Health Services/ 11435 
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12 exp Rural Health/ 23136 

11 exp Medically Underserved Area/ 6588 

10 6 or 7 or 8 or 9 1815299 

9 "intervention*".ab,kw,ti. 773875 

8 "program*".ab,kw,ti. 733461 

7 exp Program Development/ 27148 

6 exp Preventive Health Services/ 526854 

5 1 or 2 or 3 or 4 596392 

4 "pre-diabet*".ab,kw,ti. 1964 

3 "prediabet*".ab,kw,ti. 5495 

2 "diabet*".ab,kw,ti. 539695 

1 exp Diabetes Mellitus/ 385919 
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