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BACKGROUND: The Diabetes Prevention Program (DPP) demonstrated that an intensive lifestyle intervention was effective in delaying or preventing the onset of type 2 diabetes in people at risk for this condition. The DPP lifestyle intervention was adapted to the Group Lifestyle Balance (GLB) program for community translation. One of the goals of the DPP-GLB was to increase physical activity to at least 150 min/week. The purpose of this study is to assess the physical activity component of the 12-month intervention via pedometer and the MAQ, in at-risk members of the military family in a military base health care setting.

METHODS: Ninety-nine members of the military family were enrolled in the study. Physical activity was measured subjectively using the Modifiable Activity Questionnaire (MAQ) as well as objectively via pedometer at baseline, 6-month, and 12-month assessments.
RESULTS: Participants who completed the MAQ survey at all assessments (n=76) demonstrated a median increase in leisure time physical activity between baseline and 6 and baseline and 12 months by 186 and 66 MET-minutes/week respectively  (p<0.001 for both).  Participants who completed pedometer data collection at baseline, 6 and 12 month assessments (n=39) significantly increased mean steps/day between baseline and 6 months and baseline and 12 months by an average of 2,144 and 1,631steps per day respectively (p<.001 for both). Results were similar for change in MAQ leisure time activity and steps when using last observation carried forward methodology.
CONCLUSIONS: The DPP-GLB was effective in improving physical activity in this group of active duty military, retirees, and family members taking part at a military base health care facility, as assessed by both subjective and objective physical activity measures.  
PUBLIC HEALTH SIGNIFICANCE: These findings can help advance public health efforts towards the prevention of type 2 diabetes. Physical activity, when implemented into the population effectively, could lower the incidence of diabetes. Assessing physical activity in lifestyle intervention programs is important in an increasingly sedentary population. 
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[bookmark: _Toc451505519]Type 2 Diabetes
Diabetes is a severe public health concern in the United States and around the world. In the United States, the Centers for Disease Control and Prevention (CDC) estimates that approximately 30 million Americans have diabetes (Centers of Disease Control 2014), costing the US $245 billion in direct and indirect medical costs in 2012 (American Diabetes Association 2013). By 2050, the prevalence of diabetes is projected to nearly double, thus affecting more than one-fourth of the United States population (Boyle, Thompson et al. 2010).
Type 2 diabetes is the driving force behind this concerning increase in prevalence, accounting for approximately 90-95% of all diabetes cases (Centers of Disease Control 2014). Type 2 diabetes is a metabolic condition that presents as insulin resistance, decreased insulin secretion, and hyperglycemia (high blood sugar). In insulin resistant individuals, cells are not able to regulate levels of insulin, a hormone responsible for the absorption of glucose. This inefficiency in absorption of glucose leads to hyperglycemia. Progression of type 2 diabetes is categorized into 3 phases: 1) individual does not require insulin for glycemic control, 2) individual requires insulin for glycemic control, and 3) individual requires insulin for continued survival (Vijan 2010). Type 2 diabetes has been long associated with coronary heart disease, kidney failure, stroke, and various other chronic health conditions (American Diabetes Association 2015).
Type 2 diabetes, formerly known as “adult onset diabetes” differs from type 1 diabetes inherently. Type 1 diabetes occurs as a genetic autoimmune disorder, in which insulin is deficient, while it is believed that type 2 diabetes occurs as a result of genetic factors mixing with lifestyles of poor diet and lack of physical activity (Yasuda, Miyake et al. 2008). 
The initial clinical diagnosis of diabetes requires a fasting blood glucose level greater or equal to 126 mg/dL, HbA1c greater or equal to 6.5%, random blood glucose level greater or equal to 200 mg/dL, or an oral glucose tolerance test greater than or equal to 200 mg/dL. When one of these conditions is presented, a second measure is warranted and assessed to confirm diabetes (Vijan 2010).
[bookmark: _Toc451505520]Prediabetes
Prior to diagnosis with type 2 diabetes, there are changes in metabolism that increase the risk for developing type 2 diabetes. One of these conditions, prediabetes, exists when an individual has higher than normal blood glucose levels; however, fails to meet clinical diagnosis of type 2 diabetes (American Diabetes Association 2015). The American Diabetes Association (ADA) defines prediabetes as: impaired fasting glucose (IFG): a fasting blood glucose of 100-125 mg/dL, HbA1c 5.7-6.4%, or impaired glucose tolerance (IGT): an oral glucose tolerance test result of 140-199 mg/DL. The ADA lists risk factors for prediabetes as overweight, obesity, physical inactivity, hypertension, high LDL, low HDL, family history of type 2 diabetes, and a history of high blood glucose levels, (American Diabetes Association 2011). In a longitudinal cohort study, individuals with prediabetes were observed to be 20 times more likely to develop clinical type 2 diabetes within five years than those without prediabetes. Researchers also estimated that 70% of participants with prediabetes will develop type 2 diabetes (Heianza, Hara et al.). In 2014, the CDC estimated that over 86 million American adults have prediabetes (Centers of Disease Control and Prevention 2014).
[bookmark: _Toc451505521]Metabolic Syndrome
Another condition that may be present prior to the development of type 2 diabetes is metabolic syndrome, which is an aggregate grouping of conditions that have been suggested to be associated with substantial risk for development of type 2 diabetes and cardiovascular disease. Among these cardiometabolic risk factors are obesity, hypertension, insulin resistance, and dyslipidemia (Roberts, Hevener et al. 2013). Aforementioned risk factors have been linked to increased morbidity and all-cause mortality independently, with greater risk noted when aggregated. Metabolic syndrome has been strongly associated with increased risk of incidence of cardiovascular disease, coronary heart disease, and stroke (Galassi, Reynolds et al. 2006). A large family study of type 2 diabetes in Finland and Sweden identified that 78% of women and 84% of men with type 2 diabetes also met the clinical definition for metabolic syndrome Researchers also noted that subjects with metabolic syndrome experienced relative risk for cardiovascular disease and stroke three times greater than those who did not meet the criteria for metabolic syndrome (Isomaa, Almgren et al. 2001). 
Researchers have debated what criteria should constitute a clinical definition of metabolic disease, and have made different recommendations. In the United States, the metabolic syndrome is generally defined as having at least three of any of the following five conditions, as defined by the National Cholesterol Education Program’s Adult Panel III (NCEP ATPIII): 1) A waist circumference of  > 102 cm (40.16 in.) for men, 88 cm (34.65 in.) for women, 2) triglycerides > 1.7 mmol/L (150 mg/dL), 3) HDL cholesterol <1.04 mmol/L (40 mg/dL) for men and <1.30 (50 mg/dL) mmol/L for women, 4) blood pressure > 130/ >85 mm Hg, 5) fasting glucose > 6.1 mmol/L (100 mg/dL) (Evaluation and and Treatment of High Blood Cholesterol in Adults 2001).
Metabolic syndrome remains a public health concern in the United States, NCEP ATP III estimated that over 100 million Americans meet the clinical standards for metabolic syndrome, accounting for about one-third of the U.S. population (Evaluation and and Treatment of High Blood Cholesterol in Adults 2001) Other estimates noted the prevalence of metabolic syndrome to be closer to 40%. (Grundy, Cleeman et al. 2005). If metabolic syndrome continues to increase at current trends, it is estimated to affect nearly 180 million U.S. adults, costing the U.S. health care system nearly $70 billion in direct costs by 2030 (Wang, McPherson et al.). 
[bookmark: _Toc451505522]Diabetes Prevention
With the current public health and economic burden of type 2 diabetes, as well as the fact that changes in metabolic parameters exist prior to diagnosis with type 2 diabetes, interventions for prevention of this condition are needed. Pharmacological and lifestyle interventions have been tested to ascertain the best method to prevent the onset of type 2 diabetes in individuals at-risk for type 2 diabetes, as systematically reviewed by Gillies et al. (Gillies, Abrams et al. 2007). 
The Diabetes Prevention Program (DPP) Research Group sought to evaluate interventions designed to prevent or delay the onset of type 2 diabetes among an at-risk, diverse, population across the United States (Knowler, Barrett-Connor et al. 2002). Researchers compared the efficacy of metformin, a leading medication in the treatment of type 2 diabetes, and an intensive lifestyle intervention, which focused on increasing physical activity and weight loss, to a group assigned to placebo, over a three-year period. The primary outcome variable was incidence of type 2 diabetes among participants. To investigate this objective, a large, multi-center, randomized control trial was completed. Over 3,200 participants were enrolled in the DPP, reflecting the diverse makeup of the population in the U.S. At-risk was defined as: at least 25 years old, a BMI of greater than 24, a fasting glucose level of 95-125 mg/dL, and an oral glucose tolerance test level of 140-199 mg/dL. The at-risk participants were randomized into three groups: metformin, lifestyle intervention, and placebo. 
The metformin group was given 850 mg doses twice daily and access to materials promoting a healthy lifestyle. The DPP lifestyle intervention consisted of two major goals: achievement of seven percent body weight loss through healthy eating and fat and calorie restriction, and obtainment of at least 150 minutes per week of moderate intense physical activity, such as brisk walking. Participants were given caloric and fat intake guidelines based on their baseline weight. They were asked to log their daily calories and fat intake to track their nutrition goals. In order to achieve the physical activity goal, participants were asked to slowly and safely work up to and then sustain at least 150 minutes of moderate physical activity, which was a standard recommendation for all Americans from the United States Department of Health and Human Services (Carlson, Fulton et al. 2010). Participants were also asked to self-monitor their physical activity over the prior year, i.e. frequency and duration spent in various activities. Physical activity was measured by the completion of the Modifiable Activity Questionnaire (MAQ), (Kriska 1997). 
The DPP researchers found that metformin and lifestyle intervention were both effective interventions in delaying or preventing the onset of type 2 diabetes among at-risk populations. The metformin group experienced a 31% reduction in diabetes incidence; while the lifestyle intervention group experienced a 58% reduction in incidence of diabetes, compared to the placebo group (Knowler, Barrett-Connor et al. 2002). These results mirrored an early study in Finland, where the systematically designed lifestyle intervention group experienced a 58% reduction in incidence of diabetes among a population with impaired glucose tolerance (Tuomilehto, Lindström et al. 2001). 
Because of the success of the lifestyle intervention, the DPP Research Group concluded that lifestyle intervention should be implemented in the community setting. The authors suggested that the specific lifestyle intervention conceived as part of the DPP could significantly help lessen the burden of type 2 diabetes and metabolic syndrome (Knowler, Barrett-Connor et al. 2002). These findings are significant from a public health perspective, as an effective therapy to lower risk for type 2 diabetes was found to be efficacious. 
[bookmark: _Toc451505523]Physical Activity And Diabetes
In a post-hoc analysis, Hamman et al. found that in the DPP, while weight loss was the main predictor of reduced risk for type 2 diabetes, participants who did not achieve the weight loss goal, but achieved the physical activity at year one of 3.2 years of follow up demonstrated a 44% lower incidence of onset of type 2 diabetes than those who did not achieve the physical activity goal. Increased physical activity predicted weight loss and was important in sustaining weight loss (Hamman, Wing et al. 2006).
Regular bouts of exercise have been linked to both acute and chronic glycemic control in insulin resistant individuals (Colberg, Sigal et al. 2010). In a large scale meta-analysis, Boule et al. suggest that multiple randomized control trials indicate a reduction in HbA1c levels, post physical activity, which in turn improves insulin uptake (Boulé, Haddad et al. 2001). Braun, et al. suggested that low intensity and high intensity physical activity substantially lowered steady state plasma glucose levels following exercise in insulin resistant women, suggesting that different forms of physical activity are still effective in acutely managing blood glucose levels (Braun, Zimmermann et al. 1995). Kirwan, et al. found that physical activity significantly allowed for more optimal glucose processing in the liver in just one week of physical activity training (Kirwan, Solomon et al. 2009). Long-term physical activity has also been linked to improved glycemic control. An eight-month aerobic endurance exercise prescription resulted in substantially improved insulin sensitivity (Bajpeyi, Tanner et al. 2009). Cohen et al. also reported improvement in insulin resistant individuals HbA1c following a 14-month resistant training, suggesting that multiple physical activity prescriptions can effectively improve insulin resistance (Cohen, Dunstan et al. 2008). The strong associations between physical activity and improved insulin resistance give rationale to the importance of physical activity in diabetes prevention. 
[bookmark: _Toc451505524]Physical Activity and DPP Translation to the Community
The results of the DPP study, which demonstrated the efficacy of intensive behavioral lifestyle intervention, led to widespread translation efforts in the community (Whittemore 2011) (DeJoy, Padilla et al. 2012) (Kramer, Kriska et al. 2009) (Amundson, Butcher et al. 2009) (Johnson, Jones et al. 2013). In a systematic review, Eaglehouse et al. identified multiple translations into the community, including healthcare facilities, worksites, churches, and various community wellness centers (Eaglehouse, Kramer et al. 2015). One example of a translation of the DPP curriculum for implementation in the community setting is the DPP Group Lifestyle Balance (DPP-GLB) program, adapted directly from the original DPP curriculum (Kramer, Kriska et al. 2009). The DDP-GLB program aims to lower risk factors for type 2 diabetes in individuals in the community with metabolic syndrome and/ or prediabetes, through a yearlong program that promotes the same goals as the original DPP lifestyle intervention, i.e. increasing moderate intense physical activity to 150 minutes per week, and a weight loss of 7% from baseline. To date, the DPP-GLB program has been implemented in multiple community settings, and shown to lower risk factors for type 2 diabetes and cardiovascular disease (Piatt, Powell et al. 2008, Kramer, Molenaar et al. 2015) (Kramer, McWilliams et al. 2011) (Greenwood, Kramer et al. 2014) (Ma, Yank et al. 2013). 
Although the majority of these translation efforts have demonstrated success in the community based on achievement of the weight loss goal, information regarding success in reaching the physical activity goal is less clear. In a recent review, Eaglehouse et al. described two major problems with translation of the physical activity arm of the DPP into the community setting: 1) community-based translation’s absence of physical activity assessment standards and, 2) inconsistency of physical activity reporting. The authors also concluded that heterogeneity among different community settings was a barrier in evaluating program effectiveness, especially in physical activity adherence (Eaglehouse, Kramer et al. 2015). 
In translation of the DPP to the community, evaluation of physical activity, one of the two primary goals of the intervention, must be an important consideration. Subjective and objective methods have been used in the evaluation of physical activity in DPP translation efforts in the community (Eaglehouse, Kramer et al. 2015). Subjective measures to assess physical activity such as logs, surveys, and questionnaires have been utilized most often in these efforts. Physical activity subjective measures provide qualitative information into type and duration of activity performed. Subjective measures are flexible among populations, can be administered a relatively low cost, and are generally simple to complete (Eaglehouse, Kramer et al. 2015). However, subjective methods are only moderately valid and reliable (depending on the instrument used), and are susceptible to recall and reporting bias; with participants often over reporting physical activity (van Poppel, Chinapaw et al. 2010). Objective measurements, such as pedometers and accelerometers, can eliminate some of the biases associated with subjective measurements, but have their own limitations. Pedometers are able to measure steps through trunk movement, thus quantifying activity. Pedometers can measure all total walking activity, perhaps filling the gaps in unplanned and undocumented “life activity”. Dondzilla et al. suggests that pedometers are a relatively reliable measurement in measuring walking behavior (Dondzila, Swartz et al. 2012). Limitations of objective measurements, namely pedometers include higher cost, the need for software analysis in some cases, and lack of descriptive data regarding type  (i.e. water activity, arm movements) and intensity of activity (i.e. walking vs. jogging). Also, a small reporting bias could be present if participants are asked to record their own data (Eaglehouse, Kramer et al. 2015). 
1.1 [bookmark: _Toc451505525]DPP Translation into a Military Setting
	Although DPP translation interventions, including the DPP GLB program, have been implemented in multiple different populations and settings, one population in which the DPP intervention has not been evaluated is the US “military family”. The “military family” includes all Department of Defense beneficiaries: active duty service members and their immediate families, retirees, and veterans. Tanofsky-Kraff et al. suggests that the military family, though considered to be a healthy population, is not immune to the obesity epidemic, and the chronic diseases related to it (Tanofsky-Kraff, Sbrocco et al. 2013). The overweight and obesity epidemic among the military family has substantial effects on defense in the United States. It is estimated that 27% of young adults (17-25 years old) are unable to serve in the military because of weight-related conditions, making it the number one reason for failure to qualify (Kress, Hartzel et al. 2005)With less qualified applicants, the defense weakens. 
Seventy percent of Military Health System beneficiaries are overweight or obese (Kress, Hartzel et al. 2005), costing the System over one billions dollars annually (Tanofsky-Kraff, Sbrocco et al. 2013). Nearly twenty percent of active duty military service men and women report difficulty in meeting military weight standards. Forty-five percent of spouses and fifteen percent of children are overweight or obese, among active duty servicepersons. Nearly 80% of veterans are overweight or obese. The Military Health System spent nearly two billion dollars from 2000-2004 on diabetes care alone (Maciejewski and Maynard 2004). Thus, strategies to lower risk for developing diabetes in this population, including translations of lifestyle interventions are necessary to address personal health and welfare issues, as well as national security and economic considerations. 
The DPP GLB program was implemented and evaluated at a US Air Force (USAF) military base in 2013-2015 (Kramer, Agee et al. 2015). In order to provide more information about physical activity in DPP translation efforts in the community, the purpose of this study is to describe achievement of the physical activity goal in a military health setting, one of three settings in which the DPP-GLB program was evaluated in the NIH-funded Healthy Lifestyle Study (Kriska, PI R18 DK081323-04). Physical activity was assessed via subjective and objective measures, i.e. the Modifiable Activity Questionnaire and pedometer respectively, in at-risk members of the military family at this base.
[bookmark: _Toc451505526]Methods
A yearlong DPP-GLB intervention was implemented among the military family at a military base between 2013-2015. Participants were followed and assessed using a prospective pre-post design, with clinical assessments completed at baseline, and 6 and 12-months from study enrollment.
1.2 [bookmark: _Toc451505527]Participant sCREENING AND ELIGIBILITY
Participants under the umbrella of the military base medical center were recruited from three channels: health care provider referral, self-identification with a health care provider referral, or patients diagnosed with prediabetes and/or metabolic syndrome who were enrolled in prediabetes education classes. Participants’ eligibility status was confirmed via the site PI chart review based on lab and clinical criteria completed within the past five months prior to enrollment.  Individuals who did not have current information had height, weight, blood pressure, weight circumference, fasting blood glucose, and fasting lipids, completed as part of their standards of usual care. All participants had physician referral for enrollment in the study. 
Eligibility criteria included men and women with prediabetes and/ or metabolic syndrome, > 18 years of age at screening, with a BMI of >24 kg/m2. Pre-diabetes was assessed by a fasting glucose level of 100 mg/dL - 126mg/dL and/or HbA1c of 5.7-6.4%. Metabolic syndrome was assessed by presence three of the following: large waist circumference (>40 for men, >35 for women); >130 mmHg (diastolic) or >85 mmHg (systolic), or diagnosed hypertension; HDL level <40 mg/dL in men and <50 mg/dL in women; triglyceride level >150 mg/dL; or fasting glucose level 100 mg/dL - 126mg/dL. Participants already diagnosed with type 2 diabetes were excluded. Also excluded were women currently or recently pregnant or lactating, any individual planning to leave the area within one year, and any participant that could not read and understand English. This study was approved by the Wright Patterson Medical Center and University of Pittsburgh Institutional Review Boards.
1.3 [bookmark: _Toc451505528]Study Design and Outcome Measures
The study utilized a prospective pre-post design, with clinical assessments completed at baseline, and 6 and 12-months from enrollment. At each assessment, weight, blood pressure, waist circumference, HbA1c, fasting glucose, fasting insulin, fasting lipids, and quality of life were assessed (height was recorded at baseline only). Trained and certified members of the Diabetes DPSC collected all measurements. In addition, physical activity was assessed at these time points in steps measured using a pedometer and time spent in physical activity per week, through completion of the MAQ. 
Time spent in physical activity was assessed using the MAQ. The MAQ was designed to assess physical activity across a wide population over various time frames, and allowed for qualitative physical activity data to be converted to the quantitative metabolic equivalents, or METs. The MAQ is unique in that it allows for data for both leisure and occupational physical activity. It has been shown to be a reliable and valid method of investigating physical activity. Self-report measures, like the MAQ, have some advantages over standard objective measures used in physical activity assessments, including pedometers. The MAQ allows for information regarding type, as well as duration and frequency of activity, spanning a broad range of primarily moderate to vigorous intensity activities (Kriska, Edelstein et al. 2006). Pettee Gabriel et al. found the MAQ to have excellent agreement when validated with an accelerometer, an objective measure, citing strong significant correlations between MAQ and the accelerometer in total minutes of moderate-vigorous activity and bouts of moderate-vigorous activity. The authors found a significant intraclass coefficient (ICC) of .77, suggesting that it is a valid tool to assess physical activity (Gabriel, McClain et al. 2010). Disagree between the MAQ and the accelerometer could be due in part to the fact that participants tend to overestimate physical activity in self-reported assessments, like the MAQ, which may skew results (Lichtman, Pisarska et al. 1992). On the other hand, the MAQ assesses activity like swimming and upper body resistance training, which cannot be captured by accelerometers. Therefore, validated subjective measures, like the MAQ can be used along with objective measures as a useful and valid tool in investigating physical activity. A trained member of the research staff administered a past month MAQ to participants at each assessment.  The MAQ survey took approximately 10 minutes to complete. 
Steps were assessed using the Accusplit Eagle120XL pedometer. This specific pedometer has been tested and found to be valid and reliable in field and laboratory assessments (Schneider, Crouter et al. 2004). Participants were given a pedometer and instructions of use at their baseline assessment. Participants were instructed to wear their pedometer on their hip to accurately measure their steps, and also completed a 100-step test at the clinic to ensure that the pedometer was placed properly and working correctly. Any issues surrounding use of the pedometer were assessed and resolved at the baseline assessment.  At baseline, participants were asked to wear the pedometer for the next 7 consecutive days, and to record their steps on a study form each day. They were given a self-addressed postage-paid envelope to return their recorded steps to the research staff at the end of the week.  For subsequent visits, participants were asked to wear the pedometer again for 7 consecutive days at each visit to measure their steps
1.4 [bookmark: _Toc451505529]Intervention
The Group Lifestyle Balance Group (DPP-GLB) is a one-year, goal-driven behavioral lifestyle intervention adapted directly from the original DPP lifestyle intervention, which has been described in detail elsewhere (Kramer, Kriska et al. 2009). As in the original DPP lifestyle intervention, the goals of the DPP-GLB program are to achieve and maintain a 7% weight loss, and to safely and progressively increase to 150 minutes per week of moderately intense physical activity similar to a brisk walk. The DPP-GLB includes 12 weekly sessions, followed by 4 bi-weekly sessions, with a total of 16 sessions delivered within the first 6 months, i.e. the “core” program. The next six monthly meetings focus on reinforcing the healthy lifestyle education taught during the core, by reviewing materials and discussing participants’ issues and success in achieving their healthy lifestyle goals. A DVD of the 12 initial core sessions was created by the DPSC faculty and has been evaluated in other settings (Kramer, Kriska et al. 2010, Ma J and et al. 2012).
For the current study, participants were able to choose their preferred delivery mode: either by taking part in traditional group meetings, or via DVD with telephonic coach support. Participants who chose DPP-GLB in-person group delivery attended 12 weekly sessions at the medical center on base, followed by bi-weekly and then monthly meetings for one year.  The one-hour sessions were conducted by DPSC trained GLB coaches. There were approximately 12-15 individuals in each group.  For those participants who missed one of the initial 12 core sessions, the DVD was provided along with the specific session materials. 
Those individuals who chose to take part in the program using the DVD watched one session each week for 12 weeks, and also received a brief weekly telephone call from a DPSC-trained lifestyle coach to assess weight, physical activity and to ascertain understanding of the program content. DVD participants were also invited to attend monthly group meetings held at the medical center on base during the yearlong program.  
All participants received the following materials and supplies: A lifestyle intervention manual and workbook, self-monitoring booklet to log nutritional and physical activity information, a pedometer, food measuring tools, and a weekly weight chart to map weight loss progress. Participants were weighed at each in-person meeting and were encouraged to self-weigh regularly at home. 
1.5 [bookmark: _Toc451505530]Data Analysis
Statistical analysis of the evaluation in the change in physical activity was performed using SAS 9.4. Information was coded from the MAQ to attain average time spent in physical activity per week among patients, in minutes per week. The mean number of reported steps per day and reported mean time spent in leisurely physical activity per week, at each assessment were found using PROC MEANS. The median number of minutes per week in physical activity was found using PROC UNIVARIATE. The differences in participants’ pedometer steps from baseline assessment to six-month assessment, and baseline to twelve-month assessment respectively, were analyzed using a paired t test, in SAS: PROC T TEST. Individual data was included if the participant recorded at least 3 days of steps within the 7 day period. The differences in participants’ minutes per week of leisure time physical activity was analyzed using a paired t test, comparing the change in minutes per week of physical activity at baseline to that at six months, and then twelve months.  Data was first analyzed on participants who completed assessments 2 and 3. Then, data was analyzed on participants who completed all three assessments. Finally, analysis was completed and reported using Last Observation Carried Forward (LOCF). Statistical significance was based on p-value <0.05. 

[bookmark: _Toc451505531]Results
1.6 [bookmark: _Toc451505532]	baseline Characteristics
Between 2013 and 2015, a total of 99 members of the military family took part in the Healthy Lifestyle Project at a USAF military base. The mean age of the population was 57. Sixty-three percent of study participants were women, 37% were men. Eighty-four percent of the participants were retired from the military or the retiree’s dependent, 15% of enrollees were active military or their dependent. Nearly 79% participants identified as “White”, and 18% identified as “Black/ African American”. All recorded population characteristics can be seen in Table 1.
[bookmark: _Toc451505537]Table 1. Population Characteristics at Screening
	n=99

Variable
Age 



Gender 
        Male
       Female

Family History of Diabetes
       Yes
       No


Family History of Heart Disease
       Yes
       No

Smoking Status
       Never
       Former
       Current

Ethnicity/ Race
       White
       Black/ African American
       American Indian/ Native Alaskan
       Asian
       Pacific Islander
       Other Race

Employment Status
     Working full time (35+ hrs/week)
     Working part-time (<35 hrs/week)
   Unemployed or laid off and looking for work
      Unemployed and not looking for work
      Homemaker
      Retired
      Student
      Disabled/unable to work
      Other

Education
      8th grade or less
      Some high school
      High school graduate or GED
      Some College or Technical School
       College graduate (bachelor’s degree)
       Graduate degree
            
Military Status
      Active Duty
      Dependent
      Retired
      Dependent of Retiree
      Other
	 

Mean (Standard Deviation)
57.0 (11.5)


Frequency (%)

37 (37.4)
62 (62.6)


58 (58.6)
41 (41.4)



37 (37.4)
63 (62.6)


63 (63.6)
27 (27.3)
9 (9.1)


78 (78.8)
18 (18.2)
1 (1.0)
1 (1.0)
0 (0)
1 (1.0)


48 (48.5)
12 (12.1)
3 (3.0)
9 (9.1)
24 (24.0)
1 (1.0)
0 (0)
1 (1.0)
2 (2.0)


0 (0)
0 (0)
8 (8.2)
35 (35.7)
23 (23.5)
32 (32.7)


10 (10.1)
5 (5.1)
37 (37.4)
46 (42.5)
1 (1.0)



Table 1 Continued


1.7 [bookmark: _Toc451505533]	Change in Leisure Time Activity Per Week 
Table 2 describes the change from baseline in MET-minutes per week spent in leisure time physical activity reported through the completion of the MAQ at 6 months (n=82) and 12 months (n=83). Participants who completed the 6-month assessment averaged 205.32 (sd=192.48) MET-minutes in leisure time physical activity per week (median (M)=165.00) at baseline. At the 6-month assessment, participants significantly increased MET-minutes spent in leisure time physical activity per week to 484.32 (sd=417.00.0) (M=351.00) MET-minutes/week, an average change of 279.00 (sd=344.88) (M=186.00) MET-minutes/week (p<.001). Participants who completed the 12-month assessment averaged 205.29 (sd=192.48) (M=165.00) MET-minutes/week in leisure physical activity at baseline. By the 12-month assessment, participants increased time spent in leisure physical activity from baseline to 320.85 (sd=226.74) (M=226.75) MET-minutes/week, an average increase of 115.56 (sd=242.07) (M=61.75) MET-minutes/ week (p<.001).











[bookmark: _Toc451505538]Table 2. MAQ for Baseline, 6 and 12 Month Assessments for Those Who Completed 6 and 12 Month Assessments

	Physical Activity (MET-minutes/ week Leisure)
	 n
	 Baseline


	 6 MO Post
	 Change


	 p-value
	 n
	 Baseline 
	 12 MO Post
	 Change (sd)


	 p-value 

	Mean (sd)
	

 82
	
 205.32
(192.48)
	
 484.32 (417.00)
	
 279.00 (344.88)
	
 <.001
	
 83
	
 205.29  (192.48)
	
 320.85 (226.74)
	
 115.56 (242.07)

	
 <.001

	

Median (IQR)
	
 82
	
 165.00 (255.75)
	
 351.00 (555.00)

	
 186.00

	
 <.001

	
 83

	
 165.00 (245.75)

	
 226.75 (263.76)

	
 61.75

	
 <.001





Table 3 describes the change in MET-minutes per week spent in leisure time physical activity reported through the completion of the MAQ by participants who completed assessments at baseline, 6-months and 12-months. At baseline, participants averaged 206.46 (sd=193.14) MET-minutes in leisure time physical activity per week (median (M)=159.99). At the 6-month assessment, participants significantly increased MET-minutes spent in leisure time physical activity per week to 471.57 (sd=384.24) (M=345.51) MET-minutes/week, an average change of 265.11 (sd=332.70) (M=185.52) MET-minutes/week (p<.001). At the 12-month assessment, participants increased time spent in leisure time physical activity from baseline to 293.04 (sd=278.82) (M=225.87) MET-minutes/week, a significant average increase of 86.58 (sd=210.99) (M=65.88) MET-minutes/week (p<.001). The change in time reported in leisure time physical activity through the MAQ by assessment for those who completed all three assessments is shown in Figure 1. 

[bookmark: _Toc451505539]Table 3. MAQ Results for Baseline, 6 and 12 Month Assessments for Those Who Completed All Assessments (n=76)

	
	6 months
	12 months

	Physical Activity (MET-Minutes / Week Leisure)
	 Baseline


	 6 MO Post)
	 Change (sd)


	 p-value
	 12 MO Post-
	 Change (sd)


	 p-value

	

Mean (SD)
	
 206.46 (193.14)
	
 471.57 (384.24)
	
 265.11 (332.70)
	
 <.001
	
 293.04 (278.82)
	
 86.58 (210.99) 
	
 <.001

	

Median (IQR)
	
 159.99 (236.04)
	
 345.51 (498.12)
	
                               185.52

	
 <.001

	
 225.87 (263.13)
	
 65.88

	
 <.001






[bookmark: _Toc451505550]Figure 1. Change in MAQ Results for Baseline, 6 and 12-Month Assessments for Those Who Completed All Assessments (n=76)


Table 4 describes the MET-minutes per week spent in leisure time physical activity reported through the completion of the MAQ using LOCF. At baseline, participants averaged 210.69 (sd=176.73) MET-minutes in leisure physical activity per week (median (M)=186.87). At the 6-month assessment, participants significantly increased MET-minutes spent in leisure time physical activity per week to 459.78 (sd=391.08) (M=331.86) MET-minutes/week, an average change of 249.09 (sd=332.22) (M=144.99) MET-minutes/week (p<.001). At the 12-month assessment, participants increased time spent in leisure time physical activity from baseline to 323.31 (sd=317.79) (M=230.88) MET-minutes/week, a significant average increase of 112.62 (sd=217.44) (M=44.01) MET-minutes/week (p<.001). The change in time reported in leisure time physical activity through the MAQ by assessment using LOCF is shown in Figure 2.



[bookmark: _Toc451505540]Table 4. MAQ Results for Baseline, 6 and 12 Month Assessments Using Last Observation Carried Forward (n=96)
	Physical Activity (MET-Minutes/ Week Leisure)

	nn 
	 Baseline

	 6 MO Post-
	 Change (sd)

	 p-value 
	 12 MO Post
	 Change (sd)

	 p-value 

	  
Mean (sd)
	 96
	 210.69
(176.73)
	 459.78
(391.08)
	 249.09 (332.22)
	 <.001
	 323.31 (317.79)
	 112.62 (217.44)
	 <.001

	  


Median (IQR)
	 
 96

	
 186.87 (221.25)
	
 331.86 (429.99)
	
 144.99
	
 <.001
	

        230.88
(234.51)
	
  
44.01
	
 <.001







[bookmark: _Toc451505551]Figure 2. Change in MAQ Results for Baseline, 6 and 12-Month Assessments Using Last Observation Carried Forward (n=96)

1.8 [bookmark: _Toc451505534]changes in Recorded Steps per Day
Table 5 shows changes from baseline in recorded pedometer steps among participants that completed 6-month (n=44) and 12-month (n=49) assessments. At baseline, participants who completed the 6-month assessment averaged 5599 steps per day (sd=3766). At the 6-month assessment, steps per day increased significantly to 7687 (sd=3734, p<.001), an average increase of 2088 steps per day. At baseline, participants who completed the 12-month assessment averaged 5527 steps per day (sd=3697). At the 12-month assessment, participants recorded an average of 7446 steps per day (sd=4548), a significant increase of an average 1920 steps per day from baseline (p<.001).

[bookmark: _Toc451505541]Table 5. Pedometer Results for Baseline, 6 and 12 Month Assessments for Those Who Completed 6 and 12 Month Assessments

	
	6 months
	
	12 months

	
	 n
	 Baseline
Mean (sd)
	
6MO Post-Mean (sd)
	
 Mean Change

	 p-value
	 n
	 Baseline Mean (sd)
	 12 MO Post-Mean (sd)
	 
 Mean Change

	 p-value

	Pedometer 
steps recorded
	44
	
 5599 (3766)

	 7686
        (3733)
	 2088 (2919)
	 <0.001
	
449
	
 5527 (3697)

	 7446 (4548)
	 1920   (2545)
	 <0.001



Table 6 describes the pedometer results among the participants who completed all three assessments (n=39). At baseline participants averaged 5479 (sd=3790) recorded pedometer steps. At the 6-month assessment, steps per day increased significantly to 7623 (sd =3826, p<.001), an average increase of 2144 (sd=5651) steps per day. At the 12-month assessment, participants recorded an average of 7111 (sd=4287) steps per day, a significant increase of an average 1631 (sd=4021) steps per day from baseline (p<.001). The change in steps by assessment for those who completed all three assessments is shown in Figure 3.

[bookmark: _Toc451505542]Table 6. Pedometer Results for Baseline, 6 and 12 month Assessments for Those Who Completed All Assessments (n=39)

	
	6 months
	12 months

	
	 n
	 Baseline
 Mean (sd)
	 6 MO Post-Mean (sd)
	 Mean Change (sd)

	 p-value
	 12 MO Post-Mean (sd)
	 Mean Change (sd)

	 p-value

	Pedometer 
steps  recorded
	 39
	 5479 (3790)
	 7623 (3826)
	 2144 (5651)
	 <.001
	 7111
      (4287)
	 1631 (4021)
	 <.001




[bookmark: _Toc451505552]Figure 3. Change in Pedometer Results for Baseline, 6 and 12-month Assessments for Those Who Completed All Assessments (n=39)


Table 7 describes the pedometer results among the participants using Last Observation Carried Forward (LOCF) (n=72). At baseline participants averaged 5630 (sd=3394) recorded pedometer steps. At the 6-month assessment, steps per day increased significantly to 6949 (sd=3527, p<.001), an average increase of 1319 (sd=2394) steps per day. At the 12-month assessment, participants recorded an average of 6860 (sd=3712) steps per day, a significant increase of an average 1230 (sd=1942) steps per day from baseline (p<.001). The change in steps by assessment using LOCF for all three assessments is shown in Figure 4.

[bookmark: _Toc451505543]Table 7. Pedometer Results for Baseline, 6 and 12 Month Assessments Using Last Observation Carried Forward (n=72)

	
	6 months
	12 months

	
	 n
	 Baseline
Mean (sd)
	 6 MO Post-Mean (sd)
	 Mean Change (sd)

	 p-value
	 12 MO Post-Mean (sd)
	 Mean Change (sd)

	 p-value

	Pedometer steps recorded
	 72
	
 5630 (3394)

	
 6949 (3527)

	 
   1319   (2394) 
	 <0.001
	 6860 (3712)
	
 1230 (1942) 

	 <0.001




[bookmark: _Toc451505553]Figure 4. Change in Pedometer Results for Baseline, 6 and 12-Month Assessments Using Last Observation Carried Forward (n=72)


2.0  [bookmark: _Toc451505535]Discussion
These results provide evidence that the DPP-GLB is effective in increasing physical activity in this group of active duty military, retirees, and family members taking part at a military base health care facility, as assessed by both subjective and objective measures. Significant increases in participants’ physical activity recorded in pedometer steps and leisure time physical activity were noted at both 6 and 12 months from baseline, with similar results noted for those who provided data for the assessment visits as well as using LOCF. 
Reported leisure time physical activity was observed to increase significantly, as reported via the MAQ questionnaire. These results demonstrated significant increases in leisure time physical activity regardless of whether analysis was done for those who completed the assessments or using LOCF. In all MAQ analyses, participants averaged over 150 minutes per week in leisure time physical activity at baseline, 6 months, and 12 months- thus meeting the physical activity goal in the DPP-GLB, set at 150 minutes per week (Knowler, Barrett-Connor et al. 2002), as well as the recommendations from the United States Department of Health and Human Services (Carlson, Fulton et al. 2010). This suggests that the DPP-GLB may be effective in promoting the DPP and HHS physical activity goals for adults in the military setting. At 12 months from baseline, continued significant increases in leisure time physical activity were noted; however, at the end of the program participants reported an average of between 294 and 324 minutes in leisure time physical activity per week, less than reported averages between 459 and 484 minutes per week found at 6 months. This may signify that after the DPP-GLB’s “Core Program”, participants may begin to decrease physical activity, as the program meets less frequently. 
In addition, significant increases in pedometer steps per day were noted from baseline to the assessment at six months.  This finding is consistent with a study suggesting that pedometer users significantly increased their physical activity by nearly 27% from baseline; as well as averaging nearly 2500 steps more than the non-pedometer use control group (Bravata, Smith-Spangler et al. 2007). Among a diabetic population, De Greef et al. noticed similar significant increases in steps as well as 23 additional minutes of physical activity per day, which was also statistically significant (De Greef, Deforche et al.). In addition to demonstrating significant increases in steps between baseline and the 6-month assessment, participants in the current study significantly increased the mean number of daily steps from baseline to the twelve-month follow-up assessment; however the number of steps between 6 and 12 months decreased.  This is similar to the findings of the MAQ, suggesting that physical activity may drop off somewhat during the second half of the DPP-GLB program when intervention contact is less frequent.  
A major strength to this study is that both reliable subjective and objective measures of physical activity were utilized and that the results from the reported pedometer readings and the MAQ mirror each other. The pattern of leisure time activity measured by the MAQ results seen in Figures 1 and 2 is similar to the pattern in pedometer data, seen in Figures 3 and 4. 
Self-reporting measures are a limitation to this study. Though the MAQ has been rigorously tested and validated as an effective questionnaire to assess physical activity (Kriska, Edelstein et al. 2006), data is self-reported and susceptible to reporting bias. Since MAQ requires an estimation of previous activity, it leaves the data susceptible to recall bias. It has been cited that participants may overestimate their physical activity (Lichtman, Pisarska et al. 1992, Sallis and Saelens 2000). However, since the MAQ is provided at all three assessments, the change in physical activity is thought to be accurate, and also followed a trend similar to the pedometer findings. Participants were asked to fill out their seven-day step totals from their pedometer prior to the baseline, six-month, and twelve-month follow-up assessments. This number may not accurately express the true number of steps participants took throughout the lifestyle intervention. A seasonal effect may have also been a limitation to the study. Weather has been identified as a barrier to some types of physical activity, and physical activity has been seen to decrease in winter months and increase with more clement weather (Tucker and Gilliland 2007). 
Long-term success in reaching physical activity goals is vital to maintenance of a healthy lifestyle, and should be considered when designing interventions. Further research should investigate methods to improve adherence to long-term physical activity goals, and could assess the physical activity of participants after twelve months to see if the activity goal in DPP-GLB is sustainable. Additionally, a “step goal” may be an effective method in improving the amount of physical activity in DPP-GLB. In another study, researchers found that participants who walked at least 10,000 steps per day were more likely to meet the HHS physical activity guidelines(Le-Masurier, Sidman et al. 2003), which are on par with DPP-GLB (Knowler, Barrett-Connor et al. 2002). 
In summary, significant improvements were observed in the change of physical activity within the DPP-GLB lifestyle intervention. Participants increased number of steps taken and minutes spent in leisure-time physical activity. Thus, the DPP-GLB was an effective intervention to improve physical activity in a military family population, which may likely have an effect on risk for type 2 diabetes and heart disease. 

Public Health Significance
These findings can help advance public health efforts toward prevention, in an era when type 2 diabetes is increasing in the US and globally. It is widely suggested that physical activity can aid in preventing the onset of diabetes (Colberg, Sigal et al. 2010) (Boulé, Haddad et al. 2001). This research suggests if effective physical activity interventions are effectively implemented into the population, incidence of diabetes will decrease, saving countless lives and billions of dollars in years to come. Thus, assessing physical activity in programs such as DPP-GLB is necessary with an increasingly sedentary population. Specifically, these findings can supplement the DPP translational research, which aim to effectively incorporate DPP findings into the community.
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Change in Steps, by Assessment
For Those Who Completed All Assessments (n=39)
5479.49	7623.01	7110.81	Assessment
Steps per Day
Change in Steps, by Assessment
Using LOCF (n=72)
5630.45	6949.05	6860.41	Assessment
Steps per Day
Change in Leisure  Time in PA/Week, by Assessment 
for Those Who Completed All Assessments (n=76)
Mean	206.46	457.57	293.04000000000002	Median	159.99	345.51	225.87	Assessment
MET-Minutes/ Week
Change in Leisure Time in PA/Week, by Assessment
Using LOCF (n=96)
210.69	459.78	323.31	186.87	331.86	230.88	Assessment
MET-Minutes/Week
	11
