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Title: Lifestyle intervention’s effect and predictive value on weight loss for university 

employees 

Auhors: Elizabeth Wang, Azza H Ahmed, Pi-Ju Liu, Elizabeth A Richards 

Abstract: Obesity is a costly and pervasive risk factor that requires attention to reduce chronic 

disease rates. This study evaluated the effect of a lifestyle medicine intervention, Complete 

Health Improvement Program (CHIP), on reducing weight, blood pressure, lipid levels, and 

hemoglobin A1c. A secondary aim was to build a preliminary predictive model for computing 

new participants’ potential weight change from CHIP. We evaluated pre- and post-intervention 

biometric data of 68 individuals who completed a 10-week CHIP intervention at a Midwestern 

university clinic. Significant reductions (p < 0.05) were observed in weight, diastolic blood 

pressure, total cholesterol, low-density lipoprotein, and A1c. Regression analyses indicated the 

best linear model for predicting change in weight was a one-predictor model with systolic blood 

pressure. The CHIP intervention effectively promoted weight loss and meaningful reductions in 

chronic disease risk factors. Larger samples are needed for future regression analyses to create a 

more robust linear model. 

Keywords: biomarkers, chronic disease, healthy lifestyle, obesity, risk factors  



2 
 

The National Center for Chronic Disease Prevention and Health Promotion (NCCDPHP, 

2019a) and the World Health Organization (WHO, 2017) report behavioral risk factors that lead 

to chronic diseases, including poor nutrition marked by diets low in fruits and vegetables yet 

high in sodium and saturated fats, obesity, physical inactivity, tobacco use, exposure to 

secondhand smoke, and excessive alcohol use. Of these risk factors, obesity is of particular 

concern as a leading contributor to cardiovascular disease, stroke, type 2 diabetes, renal disease, 

and different types of cancer (Centers for Disease Control and Prevention [CDC], 2020a). 

Overweight and obesity are most commonly classified using body mass index (BMI) as the 

screening tool, with overweight BMI ranging from 25 to less than 30 and obesity correlating with 

a BMI of 30 or higher (CDC, 2020b). 

Obesity in the United States (US) is on the rise with an alarming prevalence of 42.4% in 

2017-2018, up from 30.5% in 1999-2000 (CDC, 2020a). This translates to 88.7 million US 

adults who live with this serious condition. In addition, rates of severe obesity (BMI ≥ 40) have 

nearly doubled from 4.7% in 1999-2000 to 9.2% in 2017-2018 (CDC, 2020a). Weight gain 

during adulthood, specifically from 18 to 55 years old, is associated with a considerably elevated 

risk of chronic diseases, as well as diminished likelihood of healthy aging (Zheng et al., 2017). 

Not only is obesity closely linked to the rise in chronic diseases, it also negatively impacts the 

mental health and quality of life of affected individuals (Salas-Salvadó et al., 2018). Obesity has 

a significant annual cost burden of $147 billion due to the direct and indirect medical costs 

associated with this epidemic. The annual per capita medical cost for people with obesity was 

$1,429 more, or 42% higher than those of healthy weight (CDC, 2020a; Gillis, 2019). These 

striking statistics point to the need for change, given the close relation between obesity and the 

leading causes of preventable, premature death. Therefore, effective strategies to alleviate the 
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national burden of obesity are necessary to reduce the adverse health consequences and 

increasing mortality associated with this major risk factor. 

Prior research shows that moderate weight loss (5-10% of initial body weight) along with 

a decrease in abdominal fat can lower blood pressure and blood glucose levels, thereby 

decreasing the risk of developing hypertension, type 2 diabetes, and other cardiometabolic 

abnormalities associated with being overweight or obese (Gillis, 2019; Salas-Salvadó et al., 

2018). Greater weight loss offers greater cardiometabolic benefit; however, even weight loss as 

little as 3% is associated with favorable changes in lipid levels, blood pressure, and other 

biomarkers (Kaikkonen et al., 2019). Dietary changes and physical activity are considered the 

hallmarks for first-line treatment of obesity. A hypocaloric diet is adequate for losing weight, 

while physical activity is critical for modifying body composition in a way that reduces visceral 

fat and maintains muscle mass (Hernández-Reyes et al., 2019). Evidence shows that exercise 

training is also vital for long-term weight maintenance, increasing cardiorespiratory fitness, and 

improving insulin sensitivity, regardless of weight status (Kaikkonen et al., 2019). 

Lifestyle medicine involves the adoption of healthy eating, regular physical activity, and 

avoidance of substance use as a primary method of preventing and treating chronic disease (Katz 

et al., 2018). Ford et al. (2009) estimated that approximately 80% of chronic diseases could be 

prevented by adhering to four healthy lifestyle factors, including not smoking, eating healthily, 

being physically active for greater than 3.5 hours per week, and maintaining a BMI less than 30. 

Research supports the implementation of weight loss strategies that incorporate a combination of 

interventions, such as dietary changes, physical activity, behavioral therapy, counseling, and 

support groups. According to Curry et al. (2018), the United States Preventive Services Task 

Force (USPSTF) found strong evidence that intensive, multicomponent behavioral interventions 
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lead to clinically significant weight loss and reduced incidence of type 2 diabetes among obese 

adults. In a study on the effects of varying degrees of physical activity during a weight loss 

program, Hernández-Reyes et al. (2019) discovered that intense physical activity, coupled with a 

hypocaloric diet and nutritional counseling, was the most effective protocol for reducing body fat 

and maintaining muscle mass. Results from a randomized controlled trial suggested that the most 

effective weight loss regimen in the study combined intensified behavioral modification, with 

routine weight maintenance counseling by a nutritionist, along with triweekly exercise training 

introduced at the start of the weight loss period to produce best results (Kaikkonen et al., 2019). 

The Prevención con Dieta Mediterránea (PREDIMED)-Plus trial found that the intensive 

lifestyle intervention involving a Mediterranean diet, physical activity promotion, and behavioral 

support was effective for producing clinically meaningful weight loss, decreasing adiposity, and 

improving cardiovascular risk factors in obese adults with metabolic syndrome (Salas-Salvadó et 

al., 2018). Likewise, Gillis (2019) determined that a community-based lifestyle intervention 

incorporating weekly information meetings, nutritional counseling, and social support and 

accountability led to statistically significant weight and fat loss after the 12-week study period. 

Based on this research, it would be judicious to implement weight loss strategies that incorporate 

multiple tactics, as these have demonstrated powerful effects on curbing the threat of obesity. 

A promising solution that utilizes a combination of weight loss methods is the Complete 

Health Improvement Program (CHIP), a lifestyle medicine intervention unique not only for its 

holistic approach to healthy living, but also its ability to be implemented and adapted to clinical, 

corporate, or community settings (Morton et al., 2016). It is an intervention precisely designed to 

address chronic disease risk factors, including poor nutrition, physical inactivity, and obesity, by 

promoting a holistic health approach that supports how individuals eat, move, manage stress, 
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sleep, and manage emotional well-being, self-worth, and happiness. The CHIP intervention is 

both clinically effective for improving overall health and well-being, as well as economically 

beneficial for organizations seeking to reduce healthcare spending and productivity costs (Remy 

et al., 2017). Clinical benefits may include reducing the risk of heart disease and diabetes, 

normalizing blood pressure, as well as reducing total cholesterol, triglycerides, fasting blood 

sugar, and BMI, which help prevent and arrest chronic diseases. In terms of economic benefit, 

Baicker et al. (2010) suggests that lifestyle interventions are highly cost-effective as they 

decrease corporate healthcare costs by $3.27 and absenteeism costs by $2.73 for every $1 spent 

annually on workplace wellness programs. These reduced costs can lead to the reallocation and 

investment of funds from healthcare savings to other areas of organizations. 

Theoretical Framework 

Theory of Planned Behavior provides the groundwork for the CHIP intervention, as the 

theory explains that an individual’s intention to engage in a behavior is influenced by attitudes 

concerning the likelihood that a given behavior will generate the expected outcome (Ajzen, 

1991). Behavioral achievement depends on both intentions and perceptions of behavioral control. 

Furthermore, intentions can be predicted from attitudes toward the behavior, subjective norms, 

and perceived behavioral control (Ajzen, 1991). CHIP targets all three components (Figure 1), as 

its strong educational element modifies participants’ mindsets surrounding healthy living, 

thereby improving health literacy and behaviors (Morton et al., 2016). Education is delivered 

through video presentations, cooking demonstrations, group exercises, and mindfulness 

discussions. Additionally, CHIP takes place in a locally-facilitated group context to cultivate 

social norms and accountability. Group programs have been found to more effectively promote 

weight loss than individual programs (Morton et al., 2016). Finally, the combination of CHIP’s 
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intensive nature and regular health risk assessments are designed to increase self-efficacy and 

perceived control. The program facilitates behavioral achievement by discussing the 

consequences of unhealthful practices and provides comprehensive resources that boost one’s 

ability and perceived behavioral control to apply lifestyle recommendations to their daily routine. 

Purpose 

There is a gap in existing literature concerning the effect of CHIP on chronic disease risk 

factors in an urban Midwestern clinic setting, despite the fact that the Midwest region has the 

second highest prevalence of obesity in the US following the South at 33.1% (CDC, 2019). 

Additionally, there is no prior research on the value of using risk factors as predictors for weight 

loss following the CHIP intervention. Because obesity is a major contributor to preventable 

chronic diseases, it is essential to determine if holistic lifestyle interventions like CHIP are 

effective solutions for weight reduction. The purpose of this study was to evaluate the effect of 

the CHIP lifestyle intervention on the primary variable of change in weight, as well as secondary 

variables of blood pressure, body fat, lipid levels, and A1c using retrospective data from a 

university employee clinic in the Midwest. We hypothesized that the CHIP intervention 

facilitates weight loss in overweight adults and reduces blood pressure, body fat, lipid levels, and 

A1c among participants. A secondary purpose of the study was to examine the usefulness and 

predictive value of each risk factor for determining the extent of weight loss from CHIP using 

linear regression models, which has not been explored in previous research. This predictive 

model could be used to compute the potential weight change that would result from the CHIP 

intervention, given one’s baseline biomarkers, or risk factors. 

Methodology 

Study Design, Sample, and Setting 
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A pretest-posttest study was conducted from a retrospective chart review between 

January and May 2020. The study involved reviewing the demographic and biometric data of all 

CHIP participants who completed the program at an occupational health clinic at a large 

Midwestern university since program implementation in the summer of 2018. We used a 

convenience sample of 68 adults, the total number of participants who completed CHIP from all 

four classes offered by the clinic between July 2018 and November 2019. The inclusion criteria 

for the sample comprised adults aged 18 years or older who completed one of the four CHIP 

offerings, regardless of weight status. This study was conducted following institutional review 

board (IRB) approval of exemption. 

Description of CHIP Intervention 

The intensive CHIP lifestyle intervention promotes whole-food, plant-based eating, daily 

moderate- to high-intensity physical activity, adequate water intake, as well as stress reduction 

practices (Morton et al., 2014). The program’s intent is to foster self-care and prevention through 

enriched knowledge of the causes, effects, and risk factors linked to the development of chronic 

diseases (Leibold et al., 2016). It targets the attitudes, social norms, and perceived control 

associated with the Theory of Planned Behavior (Figure 1). Each CHIP class at the university 

clinic consists of 20 sessions total, two sessions per week for the program’s 10-week duration, 

including the initial orientation and final commencement. All past participants’ data were 

evaluated in terms of the primary outcome of change in weight in the course of 10 weeks from 

pre-CHIP to post-CHIP weight, in addition to changes in ten secondary biometric outcomes. 

Participants who enroll in CHIP at the university clinic complete before-and-after 

lifestyle evaluations that include a number of biomarker tests. They receive a comprehensive 

toolkit containing a reference book, workbook, exercise book, and cookbook, which are valuable 
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resources that follow the content of the videos closely. Each group session was led by two health 

coaches with backgrounds in nursing and dietetics trained to implement the CHIP intervention. 

Sessions typically involves viewing a prerecorded educational video, group activities (e.g. 

grocery store tour), physical exercises and fitness tips, cooking demonstrations and healthy food 

samples, as well as group discussions. Each session lasts between one to two hours and is 

organized around a model of learning, experiencing, and reflecting (Morton et al., 2016). 

In the first section of the CHIP intervention (sessions 1 to 11), participants learn about the 

causes of chronic disease and the benefits associated with constructive lifestyle changes (Morton 

et al., 2016). The program advocates a whole-food, plant-based diet because of these foods’ high 

nutrient density and low energy density. A diet rich in whole grains, fresh fruits, legumes, and 

vegetables is recommended, as is limiting cholesterol, fats, sodium, and refined sugars. Drinking 

adequate amounts of water daily and engaging in routine moderate-intensity cardiovascular and 

resistance exercises are also fundamental. The second part of CHIP (sessions 12 to 18) focuses 

on surmounting barriers and creating strategies to aid participants in behavior modification 

maintenance (Morton et al., 2016). Participants are encouraged to engage in self-monitoring, 

goal-setting, and problem-solving to help counter internal and external resistance to change. In 

this stage, they become mindful of social and physical environmental forces that impact lifestyle 

patterns. Other disease determinants are addressed in this latter section, including sleep, stress, 

substance use, and emotional and mental health. Positive psychology concepts related to self-

esteem and personal fulfillment are also explored (Morton et al., 2016). 

Recruitment Procedure 

 In its effort to improve overall health and wellness throughout the campus community, a 

large Midwestern university took on the initiative of offering CHIP to its employees at no cost. 
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The clinic, in conjunction with the Lifestyle Medicine Institute, implemented the CHIP 

intervention for its first class in the summer of 2018. The program is currently only open to 

university employees and is advertised in the official email newsletter distributed to faculty and 

staff. The clinic accommodates 20 people per CHIP class, and spots are filled on a first come, 

first served basis. Those who are interested can call the clinic for more information and complete 

an online registration form on the clinic portal. For program screening purposes, all interested 

participants are required to meet with a health coach for 30 minutes prior to registration. If spots 

are full, those who are interested can be added to a wait list. Participants who complete CHIP at 

the university health clinic receive a certificate if they attend at least 10 out of 20 total CHIP 

sessions, though this was not enforced for one participant who only attended 9 sessions. 

Therefore, all 68 participants were included in data analysis regardless of true completion. 

Biometric measures 

Biometric assessments were conducted at baseline and near the conclusion of the CHIP 

intervention at 8-10 weeks. Prior to the program, demographic and static data like age, gender, 

and height were collected on each participant. Number of sessions attended was documented for 

each participant after CHIP. Biometric data collected at baseline prior to CHIP intervention and 

following program completion included weight, BMI, body fat mass (BFM), percent body fat 

(PBF), systolic blood pressure (SBP), diastolic blood pressure (DBP), total cholesterol (TC), 

low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides (TG), and 

hemoglobin A1c, which were measured by a certified health coach or nurse. An on-site InBody 

composition analyzer, a safe and inexpensive bioelectrical impedance analysis method that 

provides valid and reliable body fat measurements, was used to assess weight, BMI, BFM, and 
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PBF (Shantavasinkul et al., 2015). Data for each participant were recorded in a Microsoft Excel 

document solely accessible by the clinic’s health coaches who run the program. 

Statistical Analysis 

The statistical software used for analysis was R version 3.6.2. Descriptive statistics were 

computed to obtain measures of central tendency (e.g. mean and median) and measures of 

variability (e.g. standard deviation, minimum, and maximum values) for each biomarker before 

and after CHIP. Mean change (baseline mean minus post-intervention mean) and percent mean 

change (100 times mean change divided by baseline mean) were also calculated to understand 

the extent of change for each biomarker. Shapiro-Wilk test was conducted to assess the data for 

normality. Paired t-tests were applied to mean changes to determine if biomarker variations were 

statistically significant from baseline to post-intervention. This was performed for both the 

overall and stratified data of CHIP participants across several risk categories. In addition, 

Cohen’s d statistic was computed for each stratum to learn about effect size. 

Participant data were split into training (80%) and test (20%) sets for all regression 

analyses. All 15 independent variables were assessed for multicollinearity and adjusted 

accordingly prior to running regressions. The regression analyses conducted to create predictive 

models of weight loss based on the training data (n = 55) include best subsets, stepwise, and 

ordinary least squares regressions. Best subsets and stepwise regressions were exploratory 

methods used to identify useful predictors for inclusion in our least squares regression. 

Statistically significant factors were incorporated into a linear model that demonstrated the most 

potential for predicting an individual’s change in weight following the completion of CHIP 

based on our dataset. The test data (n = 13) was used to calculate the mean square error to 

evaluate the predictive validity of the final model. 
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Results 

Sample Characteristics 

 A total of 68 adults completed the CHIP intervention, with a mean age of 46.9 ± 11.7 

years and a range of 26-71 years. Of these 68 participants, 11.8% were male (n = 8) and 88.2% 

were female (n = 60). The mean number of CHIP sessions attended out of 20 was 16.3 ± 2.8, 

with a range of 9-20 sessions. 

Mean Changes in Risk Factors 

 Based on the Shapiro-Wilk normality test, the distribution of data is not significantly 

different from normal distribution; therefore, we can assume normality (p = 0.212). Mean 

changes from baseline to post-intervention biometric risk factors are presented in Table 1. After 

8-10 weeks, participants achieved significant mean reductions in nine out of eleven chronic 

disease risk factors, including the primary outcome of weight (p < 0.001), as well as secondary 

outcomes of BMI (p < 0.001), BFM (p < 0.001), PBF (p = 0.017), DBP (p = 0.003), TC (p < 

0.001), LDL (p = 0.006), HDL (p < 0.001), and A1c (p = 0.027). Additionally, the TC-to-HDL 

ratio slightly worsened from 3.19:1 at baseline to 3.21:1 after intervention (p < 0.001). Although 

there was a mean reduction in systolic blood pressure and triglyceride levels following CHIP, 

these changes were not statistically significant (p > 0.05). 

 Table 2 displays stratified data using conventional risk factor categories. The data in all 

substrata improved for all risk factors excluding those in the normal range for SBP, DBP, LDL, 

and TG, in addition to those in the second category for TG. This is demonstrated by the stratified 

p-values and Cohen’s d effect sizes. Participants who enrolled with the highest risk factor 

classifications often experienced the most marked improvements by the end of the intervention 

with large effect sizes. Many participants in the highest-risk categories for each risk factor, 
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except for triglycerides, moved to lower-risk classifications following CHIP. Two-thirds of 

participants in the highest-risk category for TC (> 240 mg/dL), and one-half of participants in the 

highest-risk categories for SBP (> 140 mmHg), DBP (> 90 mmHg), and LDL (> 160 mg/dL) 

dropped to lower-risk groups by the end of the program. More notably, both participants with 

A1c levels in the diabetic classification (≥ 6.5%) moved to the prediabetic classification (5.7%-

6.4%), leaving zero participants left in the diabetic category at the conclusion of CHIP. 

Regression Analyses 

 Five variables, BFM, PBF, weight, TC, and DBP, were removed from the original 15 to 

minimize multicollinearity in our regressions. These five variables were removed due to their 

strong correlation (|r| ≥ 0.7) with other independent variables. The resulting 10 variables, 

including age, gender, height, sessions attended, as well as baseline BMI, SBP, LDL, HDL, TG, 

and A1c, were introduced as independent variables in best subsets and stepwise regressions. 

Results from the best subsets regression are displayed in Figure 2, which depicts a specified set 

of predictors that creates the best-fitting model from 1 to 10 predictors, graphed against the 

corresponding Bayesian information criterion (BIC) and R2 values for each model. The 

cumulative order in which variables should be included based on number of predictors is SBP for 

the one-predictor model, then the addition of sessions attended, age, LDL, gender, BMI, A1c, 

HDL, TG, and height. The model that yielded the highest adjusted R2 was the four-predictor 

model, while the model that yielded the Mallows’ Cp-statistic with the least bias and the lowest 

BIC value was the one-predictor model. Stepwise regression also selected the one-predictor 

model with SBP as the most statistically significant.  

A statistical comparison between the one-predictor and four-predictor models is 

presented in Table 3. It showed that adding three predictors in the latter did not lead to a 
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significantly improved fit over the simpler, one-predictor model. Ordinary least squares 

regression was conducted on the one significant variable, SBP (p < 0.001). The negative 

correlation shows that the higher the baseline SBP, the more weight loss one experiences from 

the CHIP intervention. Specifically, the coefficient value signifies that a participant can expect to 

lose a mean of 2.31 pounds more for every one millimeter of mercury higher the baseline SBP. 

The relationship between SBP and change in weight is exhibited in Figure 3. 

A test for the exclusion of all variables except for SBP was performed using the F-

statistic, which yielded a non-significant p-value (F = 0.4833; p = 0.8779). This indicates that the 

inclusion of all 10 noncollinear predictors did not lead to a significantly improved fit over the 

one-predictor model. Based on our dataset, the best predictive linear model for weight loss 

contains SBP as the sole independent variable. The final model’s mean square error was 56.145. 

Discussion 

The aim of this study was to evaluate the effect of the CHIP intervention on weight, as 

well as other risk factors including blood pressure, body fat, lipid levels, and A1c. Our findings 

validate the short-term effectiveness of CHIP for weight loss and reduction of cardiovascular risk 

factors in a Midwestern community setting. The significant decrease in weight, BMI, DBP, TC, 

and LDL is consistent with nine previous studies that evaluated the short-term effectiveness of 

the 30-day CHIP intervention, which all reported statistically significant reductions in BMI, 

SBP, DBP, TC, LDL, fasting plasma glucose (FPG), and TG among U.S. adults (Kent et al., 

2013b; Remy et al., 2017), Canadian adults (Morton et al., 2014), North American adults 

(Morton et al., 2017), Australasian adults (Kent et al., 2014; Kent et al., 2018; Morton et al., 

2013), and rural Appalachian adults in the US (Drozek et al., 2014; Leibold et al., 2016). The 

main difference is that the present study did not identify statistically significant differences in 
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SBP or TG for our sample. In addition, three of these past studies reported that participants in the 

highest tiers of BMI, SBP, TC, LDL, FPG, and TG at program initiation experienced the most 

notable reductions in these measures after 30 days (Kent et al., 2014; Morton et al., 2013; 

Morton et al., 2014). Likewise, our results showed that participants with the highest 

classifications of BMI, SBP, TC, LDL, and TG experienced the greatest reductions in these 

measures following 8-10 weeks of intervention. 

An interesting finding to note from the present study is the substantial decrease in HDL 

levels following CHIP, despite improvement in all other measures of cardiovascular risk. This is 

consistent with previous research studies, where HDL significantly decreased along with BMI, 

SBP, DBP, TC, LDL, TG, and FPG (Kent et al., 2013b; Kent et al., 2018; Remy et al., 2017). In 

a study by Kent et al. (2013b), while 323 participants with metabolic syndrome at baseline no 

longer had this status after 30 days of intervention, 112 participants acquired the metabolic 

syndrome classification due to reduced HDL levels. One possible explanation for this 

phenomenon is the decreased need for reverse cholesterol transport with a plant-based diet 

(Morton et al., 2013). Although all other indicators of cardiovascular risk improved, the 

decreased HDL levels raise questions regarding the value of including HDL as a predictor of 

cardiovascular risk in those who do not consume a typical western diet (Kent et al., 2013b). 

Because HDL is one of the risk factors that comprise metabolic syndrome, further research is 

needed to evaluate the validity of classifying individuals with metabolic syndrome when they 

have applied a plant-based eating pattern to their lifestyle. 

Although the present study focuses on the short-term impact of CHIP, other studies 

affirm the potential for these health changes to be sustained in the long term. One study 

investigated the long-term effectiveness of CHIP for maintaining lowered biometric levels at a 
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four-year follow-up with participants (Kent et al., 2013a). The results showed that adults with 

elevated biomarkers at program entry maintained significantly lowered BMI, DBP, TC, and TG 

after three or more years. However, SBP, HDL, LDL, and FPG did not differ significantly from 

baseline. Another important note is that the 67% of follow-up participants who had elevated 

baseline biomarkers while maintaining compliance with the CHIP lifestyle observed even greater 

reductions in BMI, DBP, and FPG (Kent et al., 2013a). Although CHIP is a short-term 

intervention that lasts 10 weeks or less, these findings demonstrate the power of this tool for 

effecting long-term change for years following program completion. 

Results from our linear regression analyses affirmed the one-predictor model with SBP as 

the best model for predicting change in weight following the CHIP intervention. SBP was the 

only statistically significant variable for predicting weight loss, demonstrating that changes in 

SBP are associated with changes in weight at the population level. It is the most useful predictor 

of weight loss out of all 10 noncollinear variables investigated. The negative regression 

coefficient suggests that the higher the baseline SBP, the more weight one can expect to lose 

through CHIP, barring confounding factors. The association between weight and blood pressure 

is supported by past epidemiological studies, which revealed that weight gain is a key risk factor 

in the development of hypertension (Mertens & van Gaal, 2000). Weight loss has long been 

recommended as the most effective nonpharmacological treatment for obese hypertensive 

patients. In addition, modest weight loss of 5-10% has been associated with blood pressure-

lowering effects in both hypertensive and nonhypertensive patients (Mertens & van Gaal, 2000). 

The fact that SBP was found to be the only statistically significant predictor in our linear model 

reinforces the well-documented association between blood pressure and body weight. 
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One strength of this study is the population examined, as it was one of the first to validate 

the effects of CHIP on employees at a large Midwestern university. Findings can be used as a 

driver for organizations to offer workplace wellness programs, which could facilitate decreased 

healthcare costs. Another key strength includes the regression analyses conducted to build a 

preliminary linear model projecting how much weight loss a new participant might experience 

following CHIP, based on their baseline biomarkers. This can have important implications. With 

more data, a robust model can motivate adults to participate in lifestyle interventions when they 

see how much weight they are likely to lose, if that is their primary goal. An advantage of CHIP 

is that there are many motivators for joining the program, whether it is to achieve a healthier 

weight, adopt a plant-based diet, or implement lifestyle habits that lower one’s risk factors. 

One limitation of this study is that only one setting was used; therefore, the results from 

this study may not be extrapolated for conclusion in the context of other settings. The inclusion 

of a single setting also contributed to a small sample size (N = 68) relative to a large university 

employee population, which may increase variability and the margin of error. This limitation is 

made particularly evident in Table 2, where all 68 participants are stratified by risk category. The 

four participants who suffered from the highest levels of LDL (> 160 mg/dL) experienced a 

substantial 28% mean decrease of 50.8 mg/dL with a large effect size of 4.131. However, the p-

value was insignificant, which could be attributed to the small subsample limiting the ability of 

the paired t-test to identify a significant difference, if one exists.  

It is important to mention that for the specific CHIP data used in this study, A1c was 

collected instead of FPG, the most frequently measured biomarker for diabetes screening in 

previous CHIP studies. Although A1c and FPG are both effective methods of screening for 

diabetes, there are a few key distinctions to note. FPG is the most widely-accepted diagnostic 
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criterion for diabetes, as an FPG level of at least 126 mg/dL on more than one occasion qualifies 

for diagnosis (Sacks, 2011). Contrarily, A1c represents long-term glycemic exposure, reflecting 

the average glucose concentration over the past two to three months due to the approximate 120-

day life span of erythrocytes (Sacks, 2011). It would have been more justifiable to collect FPG 

instead of A1c due to the minimal change in A1c expected to occur in the intervention span of 8-

10 weeks. However, despite the short-term nature of the CHIP intervention, there was still a 

significant mean reduction in A1c, with those in the diabetic category at baseline experiencing 

the largest percentage decrease in A1c. 

It is vital to take the small sample size and R2 into account as limitations for the chosen 

one-predictor model. A small sample size can affect the accuracy of the final predictive model. 

The chosen model’s low R2 would be concerning if the goal of the model was to generate precise 

predictions, as it implies that the model contains more error and can therefore lead to imprecise 

predictions. However, the R2 does not negate which predictors are statistically significant, nor 

how changes in the predictor variable, SBP, influence the response variable of change in weight. 

Further research needs to be conducted on larger samples to create a more robust predictive 

model. With more data, an improved linear model can deliver more precise predictions on the 

amount of weight loss that could result from a short-term lifestyle intervention like CHIP. 

In conclusion, the CHIP intervention was effective for producing significant health 

outcomes in university employees in less than 10 weeks. Our findings show that CHIP facilitated 

significant mean weight loss among participants, as well as substantial decreases in chronic 

disease risk factors such as BMI, BFM, PBF, DBP, TC, LDL, and A1c. The final linear model 

consisted of SBP as the only significant predictor for change in weight, demonstrating the 

important relationship between blood pressure and body weight. However, predictions made by 
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the model should be interpreted with caution due to the small sample size and low R2 value. 

Future research and regression analyses on larger samples are warranted to create a more robust 

linear model for accurately predicting weight loss from holistic lifestyle interventions like CHIP.  
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Table 1 

Mean Changes in Chronic Disease Risk Factors from Baseline to Post-Intervention 

Factor N Baseline mean 
(SD) 

Post-intervention 
mean (SD) 

Mean 
change 

% Mean 
change 

t-statistic p-value 

Weight (lb) 68 199.2 54.1 193.5 52.6 -5.6 -2.8 8.3 <0.001 
BMI (kg/m2) 68 32.2 7.7 31.3 7.4 -0.9 -2.8 8 <0.001 
BFM (lb) 67 85.5 37 82.2 36.2 -3.4 -3.9 4.2 <0.001 
PBF (%) 67 41.5 8.1 41.1 8.2 -0.5 -1.1 2.4 0.017 
SBP (mmHg) 68 120.8 15.8 119.1 13.3 -1.7 -1.4 1.1 0.256 
DBP (mmHg) 68 80.5 9.9 77.9 8.1 -2.6 -3.2 3.1 0.003 
TC (mg/dL) 68 189.9 41.9 172.3 36.9 -17.6 -9.3 5.3 <0.001 
LDL (mg/dL) 60 106.4 33.2 96.2 29.1 -10.2 -9.6 2.9 0.006 
HDL (mg/dL) 68 59.6 17.3 53.6 12.9 -6 -10 5.2 <0.001 
TG (mg/dL) 67 135.5 89 129.1 77.3 -6.3 -4.7 0.7 0.458 
A1c (%) 68 5.3 0.4 5.2 0.4 -0.1 -2 2.3 0.027 

 

Note. BMI = body mass index; BFM = body fat mass; PBF = percent body fat; SBP = systolic 

blood pressure; DBP = diastolic blood pressure; TC = total cholesterol; LDL = low-density 

lipoprotein cholesterol; HDL = high-density lipoprotein cholesterol; TG = triglycerides; A1c = 

glycated hemoglobin; SD = standard deviation 
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Table 2 

Changes in Chronic Disease Risk Factor Levels within 10 Weeks According to Initial Risk 

Factor Classification 

Risk factor Baseline 
number 

Post-
intervention 

number 

Baseline 
mean (SD) 

Post-
intervention 
mean (SD) 

Mean 
change 

% Mean 
change p-value Cohen’s d 

BMI (kg/m2)         
18.5-24.99 13 14 23.1 (1) 22.5 (1.2) -0.6 -2.6 0.001 0.634 
25-30 16 17 27.2 (1.4) 26.7 (1.4) -0.5 -1.8 0.015 0.355 
>30 39 37 37.3 (6.1) 36.2 (6) -1.2 -3.1 <0.001 0.192 
SBP (mmHg)         
<120 32 37 106.9 (7.1) 110.7 (8.7) 3.8 3.6 0.019 -0.538 
120-140 28 27 128.8 (6.3) 125.1 (12.4) -3.7 -2.9 0.111 0.59 
>140 8 4 148 (4.9) 131.5 (11.6) -16.5 -11.1 0.001 3.368 
DBP (mmHg)         
<80 31 37 72.1 (5.3) 73.6 (6.2) 1.5 2.1 0.105 -0.289 
80-90 31 28 85.3 (3.8) 79.9 (6.4) -5.4 -6.4 <0.001 1.434 
>90 6 3 99.7 (6.7) 90.3 (8) -9.3 -9.4 0.004 1.384 
TC (mg/dL)         
<160 17 25 137.7 (15.8) 135.4 (23.1) -2.3 -1.7 0.658 0.146 
160-199 26 29 182.2 (10.8) 163.4 (22) -18.8 -10.3 <0.001 1.74 
200-240 16 11 218.1 (12.1) 205.8 (27.1) -12.4 -5.7 0.065 1.021 
>240 9 3 260.6 (20.1) 207.9 (25.5) -52.7 -20.2 0.001 2.625 
LDL (mg/dL)         
<100 28 42 77 (17.7) 80 (19.9) 3 3.9 0.539 -0.168 
100-129 26 16 111.7 (8.7) 97.2 (22.7) -14.5 -13 0.002 1.675 
130-160 10 8 145 (8) 125.2 (29.1) -19.8 -13.6 0.088 2.486 
>160 4 2 181.2 (12.3) 130.5 (40.3) -50.8 -28 0.136 4.131 
HDL (mg/dL)         
<40 7 7 37.3 (1.7) 36.1 (4.3) -1.1 -3.1 0.544 0.671 
40-60 32 41 50.1 (5.5) 49.4 (8) -0.8 -1.5 0.554 0.136 
>60 29 20 75.3 (14) 62.4 (12.1) -12.9 -17.2 <0.001 0.921 
TG (mg/dL)         
<100 27 26 74.6 (16.2) 90.8 (39.9) 16.3 21.8 0.022 -1.003 
100-199 33 33 136.4 (29.2) 139.1 (70.6) 2.6 1.9 0.83 -0.09 
200-300 3 4 250.3 (32.1) 130.3 (14.2) -120 -47.9 0.046 3.733 
>300 5 5 389.2 (89.9) 270 (119.2) -119.2 -30.6 0.017 1.327 
A1c (%)         
<5.7 57 57 5.2 (0.2) 5.1 (0.3) 0 -0.5 0.549 0.128 
5.7-6.4 9 11 5.9 (0.2) 5.5 (0.3) -0.5 -7.9 0.001 2.985 
≥6.5 2 0 6.8 (0.5) 6.2 (0.4) -0.7 -10.2 0.451 1.414 

 

Note. BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; 

TC = total cholesterol; LDL = low-density lipoprotein cholesterol; HDL = high-density 

lipoprotein cholesterol; TG = triglycerides; A1c = glycated hemoglobin; SD = standard deviation 
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Table 3 

Comparison of Linear Regression Models with 4 Predictors (Model 1) vs. 1 Predictor (Model 2) 

 Model 1 
Est. (SE) 

Model 2 
Est. (SE) 

(Intercept) -4.89 *** -4.89 *** 

 (0.62)    (0.62)    

BP.systolic -2.24 **  -2.31 *** 

 (0.65)    (0.63)    

Sessions -0.85             

 (0.65)            

Age 0.92             

 (0.68)            

LDL -0.71             

 (0.66)            

R2 0.255     0.203     

F 4.281 13.497 

p 0.005 0.001 

N 55        55        
 

Note. Est = estimate of coefficient; SE = standard error. All continuous predictors are mean-

centered and scaled by 1 standard deviation. 

*** p < 0.001;  ** p < 0.01;  * p < 0.05 
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Figure 1 

Main Concepts of Theory of Planned Behavior Applied to the CHIP Intervention 
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Figure 2 

Graphical Plots of Best Subsets Model at Each Variable Number with Evaluation Metrics (BIC, 

R2) 

 
Note. BIC = Bayesian information criteria; R2 = proportion of variance for weight loss based on 

independent predictors 
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Figure 3 

Relationship between Systolic Blood Pressure and Weight Difference with Line of Best Fit 
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