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Abstract

OBJECTIVE—To assess the effects of comprehensive lifestyle modification on low-density 

lipoprotein cholesterol (LDL-C) levels and whether greater participation in counseling sessions 

was associated with greater LDL-C reductions.

METHODS—Multicenter trial of Pre- or Stage 1 hypertensive adults randomized to: (1)Advice 

alone, (2)’Established’ lifestyle intervention implementing physical activity, sodium reduction, 

and weight loss, if overweight, or (3)’Established+DASH’ lifestyle intervention with DASH diet 

counseling. Both intervention groups received behavioral counseling. We used generalized 

estimating equations to model the intervention’s effects on lipid outcomes. Analyses of number of 

sessions and lipids were adjusted for demographics and medical history.

RESULTS—Among 756 participants (mean age 49.7, 63.2% women, 34.7% black), both lifestyle 

interventions reduced LDL-C, triglycerides, and total cholesterol (TC) at six months. Compared to 

the ‘Advice’ arm, net mean lipid changes in the Established group were: LDL-C of −5.6mg/dL 

(p=.001) and TC of −7.3mg/dL (p<.001). Similarly, changes in the ‘Established+DASH’ group 

were: LDL-C of −4.0mg/dL (p=.03) and TC of −5.7 mg/dL (p=.006). In dose-response analyses, 

for every 10-session increase, LDL-C changed by −6.2mg/dL (p=.003).
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CONCLUSIONS—Comprehensive lifestyle modification lowers LDL-C with greater benefit 

among persons who attend more counseling sessions.

CLINICAL TRIAL REGISTRATION NUMBER: 
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1. INTRODUCTION

Over a third of adults in the United States have elevated levels of low-density lipoprotein 

cholesterol (LDL-C) with fewer than one in three having their lipid levels at goal.1 High 

cholesterol, particularly LDL-C, has been implicated as a risk factor in a number of 

cardiovascular diseases, including coronary artery disease,2 stroke,3 and peripheral vascular 

disease.4 Cardiovascular disease is the leading cause of death in both men and women,5 

accounting for twenty five percent of deaths in the United States.6 As such, lowering LDL-C 

represents an important clinical and public health priority to effectively decrease the 

morbidity and mortality of cardiovascular disease.

Lifestyle modifications, i.e. adhering to a healthy diet, increasing physical activity, and 

weight reduction, are a mainstay of therapy in reducing levels of LDL-C.7 Specifically, the 

Dietary Approaches to Stop Hypertension (DASH) diet8 which is rich in “fruits, vegetables, 

low-fat dairy”8 and limited in saturated fats and cholesterol products has been shown to 

lower LDL-C.7 Physical activity recommendations consist of three to four 40-minute 

sessions of moderate to vigorous intensity.7 Both weight loss and physical activity have been 

shown to be effective tools in lowering LDL-C.9,10

The PREMIER trial tested the effects of a multi-component lifestyle interventions with and 

without the DASH diet on blood pressure compared to an, “advice only” control group.11 

Both intervention groups had significantly reduced weight and reductions in systolic blood 

pressure compared to the control group.11 Our analysis seeks to determine: 1) the effects of 

the PREMIER interventions on lipids levels, 2) whether there is a dose-dependent response 

on lipid changes based on intervention adherence, and 3) whether there is a dose-dependent 

response on Atherosclerotic Cardiovascular Disease (ASCVD) 10-year risk based on 

intervention adherence. We hypothesize that those in the two treatment arms will have 

significant reductions in LDL-C and that these reductions will be directly related to the 

amount of intervention sessions attended.

2. METHODS

2.1 Study Design and Participants

The PREMIER trial study design and methods have been described in detail.11,12 In brief, 

PREMIER was a multicenter randomized controlled trial enrolling 810 participants at four 

clinical sites conducted from September 1998 to August 2004.11 Individuals with pre- and 

Stage 1 hypertension who were not treated with antihypertensive medications were included.
11 Individuals with prior cardiovascular history such as angina, peripheral arterial disease, 
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heart failure; renal insufficiency; and glucose intolerance or those taking hypoglycemic 

agents were excluded.11 Full inclusion and exclusion criteria can be found, elsewhere.12 The 

study was approved by institutional review boards at all participating centers and all 

participants provided written informed consent.11 In our analysis conducted in 2016–2017, 

participants treated with a lipid lowering medication (N = 54) were excluded from the 

analysis. These participants were evenly distributed among intervention arms.

2.2 Intervention Groups

Participants were randomized to one of three arms: (1) an “Advice Only” control group, (2) 

an “Established” group, and (3) an “Established Plus DASH” group.12 The participants 

assigned to the “Advice Only” group were given information regarding dietary sodium 

reduction, weight loss, increased exercise, and eating a healthful diet at the study’s onset and 

at six-month follow-up.12 Those in the “Established” group and the “Established Plus 

DASH” group received a combination of individual and group counseling sessions focused 

on behavior change that emphasized comprehensive lifestyle changes including increased 

physical activity, weight reduction, reduced sodium intake, and a reduced fat/calorie diet.
12,13 Those in the “Established Plus DASH” also received counseling on the DASH diet.12

2.3 Subgroups Used in Analysis

Subgroups were constructed based on the following cut points: 1) LDL-C≥ 130mg/dL, 2) 

HDL cholesterol (HDL-C)< 40mg/dL for men and< 50mg/dL for women, 3) Triglycerides≥ 

200mg/dL, and 4) Total cholesterol≥ 240mg/dL.

2.4 Lipid Measures

Fasting blood samples were obtained at baseline, 6 and 18 months post randomization.12 

Collected samples were processed and sent to a central laboratory for analysis.12 Total 

cholesterol, HDL-C, and triglycerides were measured directly using standard assays. LDL-C 

was estimated using the Friedewald equation.14

2.5 Intervention Adherence

Intervention adherence was based on attendance at group and individual sessions. There 

were a total of 33 possible sessions for those in the “Established” and “Established Plus 

DASH” groups to attend—26 group sessions and 7 individual sessions.15 In the first six 

months, these intervention sessions were provided in roughly every one to two weeks.15 

There were 18 total meetings during this time consisting of 14 group meetings and 4 

individual meetings.15 In the subsequent twelve months, there were 15 additional counseling 

sessions consisting of 12 group meetings and 3 individual meetings, which occurred roughly 

monthly.15

2.6 Other Covariates

Age, sex, race, alcoholic intake, household income, education, and current tobacco use were 

self-reported. Height was measured at baseline, weight and waist circumference were 

measured at baseline and follow-up visits. Smoking status was assessed at baseline. ASCVD 

score was calculated at each time point using the necessary continuous variables. Missing 
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data was not imputed for this analysis and smoking status at baseline was carried forward for 

each time point. Body mass index (BMI) was calculated as weight, in kilograms, divided by 

height squared, in meters. Weight classifications utilized by the National Heart, Lung, and 

Blood Institute were utilized: Normal or non-overweight was classified as a BMI less than 

25kg/m2, overweight as a BMI of 25 to 29.9kg/m2, obesity Class I as a BMI of 30.0 to 

34.9kg/m2, obesity Class II as a BMI of 35.0 to 39.9kg/m2, and obesity Class III as a BMI 

equal to or greater than 40kg/m2.16

2.7 Outcomes

The primary outcome for this study was between group changes in LDL-C at 6 months. 

Secondary outcomes were between group blood lipid changes (HDL-C, Triglycerides, and 

Total Cholesterol) at 6 months and between group lipid changes (LDL-C, HDL-C, 

Triglycerides, and Total Cholesterol) overall (6 and 18 months). Additionally, we present 

information regarding change in waist circumference as visceral adiposity is associated with 

blood lipid changes.

2.8 Statistical Analysis

Baseline characteristics across treatment arms were summarized using mean (SD) for 

continuous variables and frequency (%) for categorical variables. Continuous variables were 

compared across treatment arms using Student’s t-test and categorical variables were 

compared across treatment arms using the Chi square test. In order to account for repeat 

measurements within participants, generalized estimating equations (GEE) 17 were used to 

compare measurements at 6 months and 18 months, using a Huber and White robust 

variance estimator, which assumed an exchangeable working correlation matrix. Changes in 

lipid measurements were adjusted for baseline lipid values, indicators of the two intervention 

arms, and indicator variables for site and cohort.

For the intervention adherence analysis, the study population was limited to participants 

randomized to either of the two lifestyle modification interventions. Given that the analysis 

was no longer according to randomized groupings, we performed our analysis using three 

different GEE models—adjusting for known covariates. Model 1 included age, sex, race, 

baseline weight, alcohol intake, intervention group, baseline lipid values, site, and cohort. 

Model 2 was the same as Model 1, but also included weight change rather than baseline 

weight. Lastly, Model 3 had the same covariates as Model 1 with waist circumference 

change rather than baseline weight. Mediation was assessed using the 4-step model proposed 

by Baron and Kenny.18 We used a linear cubic spline based on the 18-month regression 

models to characterize the continuous relationship between number of intervention sessions 

attended and 18-month changes in weight and lipids.

3. RESULTS

3.1 Study Participants

Appendix Figure 1 displays participant flow over course of the study. Of the 810 randomized 

patients, 756 were included in analyses; the average age was 49.7 (SD 8.8) years old, 63.2% 

were female, 34.7% were black, and 94.6% were overweight or obese. The average 10-year 
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Atherosclerotic Cardiovascular Disease (ASCVD) score was 4.6 (SD 4.8). Additional 

baseline characteristics are shown in Table 1. There were 55.4% of participants who met the 

dyslipidemia criteria for LDL-C, 47.1% who met the criteria for HDL-C, 18.9% who met 

the criteria for triglycerides, and 20.0% who met the criteria for total cholesterol.

For the adherence analysis, 450 of the 498 participants who were randomized to either 

lifestyle modification group were included as they had complete data for the model 

variables. Mean age was 50.4 (SD 8.7), 63.1% were women and 31.2% were black.

3.2 LDL-C Changes

Lipid values at each time point by randomized group are displayed in Appendix Figure 2 

and Appendix Table 1a. From baseline to 6 months, mean change in LDL-C was −2.3mg/dL 

(95% CI −6.2 to 1.7) in the Advice Only group, −7.9mg/dL (95% CI −11.7 to −4.0) in the 

Established Group, and −6.3mg/dL (95% CI −10.4 to −2.2) in the Established Plus DASH 

group. At 6 months, compared to the Advice Only group, the Established group had an 

LDL-C change of −5.6mg/dL (95% CI −9.0 to −2.2, p=.001) and the Established Plus 

DASH group had an LDL-C change of −4.0mg/dL (95% CI −7.6 to −0.4, p=.03).

From baseline to 18 months, mean change in LDL-C was −3.3mg/dL (95% CI −7.0 to 0.5) 

in the Advice Only group, −5.2mg/dL (95% CI −9.2 to −1.2) in the Established Group, and 

−2.2mg/dL (95% CI −6.2 to 1.9) in the Established Plus DASH group. There were no 

statistically significant LDL-C differences in pairwise comparisons of randomized groups at 

18 months.

Both intervention groups in the subgroup with LDL-C ≥130mg/dL showed statistically 

significant differences compared to the advice only group at 6 months, but not at 18 months. 

Among those with a baseline LDL-C <130mg/dL, there was no difference in lipid levels 

between intervention groups and the advice only group. Full results are shown in Tables 2 

and Appendix Table 2.

3.3 Adherence

Of the 18 visits that occurred during the initial 6 months, those in the Established group 

attended an average of 14.2 visits (SD 3.5) and those in the Established Plus DASH group 

attended an average of 14.6 visits (SD 3.8). Of the 15 possible intervention visits during 

months 6 to 18, those in the established group attended an average of 9.6 sessions (SD 3.9), 

while those in the Established Plus DASH group attended an average of 10.1 sessions (SD 

3.8). There was no difference in the attendance between either intervention groups.

After adjusting for the pre-specified covariates in Model 1, every 10 intervention sessions 

attended were associated with a lower LDL-C of 6.2mg/dL (95% CI −10.4 to −2.1, P = .

003), a lower triglycerides of 19.1mg/dL (95% CI −33.5 to −4.7, P = .009), a lower total 

cholesterol of 8.6mg/dL (95% CI −13.2 to −4.1, P < .001), and a waist circumference 

reduction of 0.2cm (95% CI −0.3 to −0.1, p<.001). There was no significant association of 

sessions with HDL-C (p=0.95) (Table 3). When adjusted for change in weight rather than 

baseline weight (Model 2), there was no significant association between attendance and any 

of the lipid values, and the mean reduction in waist circumference was attenuated to 0.1cm 
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(95% CI −0.2 to 0.0, p=.06). When adjusted for change in waist circumference rather than 

baseline weight, every 10 intervention sessions attended was associated with significant 

LDL-C reductions of 5.2mg/dL (95% CI −9.5 to −0.9, p=.02) and total cholesterol 

reductions of 7mg/dL (95% CI −11.7 to −2.4, p=.003). Waist circumference appears to 

partially mediate the relationship of intervention session with LDL-C and total cholesterol; 

waist circumference appears to fully mediate the relationship between intervention sessions 

and triglycerides (Appendix Table 3).

Last, LDL-C change as a function of intervention sessions attended is shown in Appendix 

Figure 3. A higher number of sessions was not associated with change in LDL-C. Ultimately 

a higher number of sessions attended was not associated with HDL-C, triglycerides or total 

cholesterol, although a higher number of sessions attended was associated with greater 

reduction in weight (Appendix Figure 4A–D).

For each intervention session attended, there was a reduction of 0.9% (95% CI −1.5 to −0.2, 

p=<.001) in 10-year ASCVD score per 10 intervention sessions attended when adjusting for 

the characteristics specified in Model 1 (including baseline weight). When adjusted for 

weight change, rather than baseline weight (Model 2), the magnitude of this change was 

reduced to 0.6% (95% CI −1.2 to 0.07, p=0.08). When adjusting for baseline waist 

circumference (Model 3), a marker of visceral adiposity, the reduction in ASCVD score per 

10 intervention sessions attended is 1% (95% CI −1.6 to −.3, p=0.001) (Appendix Table 4).

3.4 Other Lipid Changes and Waist Circumference Change

Analyses were repeated for HDL-C, triglycerides, total cholesterol (Table 2, Appendix Table 

1a, Appendix Table 2), and waist circumference (Table 4, Appendix Table 1b). At 6 months, 

the Established group had a significant change in triglycerides of −19.7mg/dL (95% CI 

−30.6 to −8.8, p<.001), a significant change in total cholesterol of −7.3mg/dL (95% CI 

−11.1 to −3.5, p<.001), and a significant reduction in waist circumference of 3.6cm (95%CI 

−4.7 to −2.5, p<.001) compared to the Advice Only group. For the Established Plus DASH 

group, there was a significant change in total cholesterol of −5.7mg/dL (95% CI −9.7 to 

−1.7, p=.006) and in waist circumference of −3.2cm (95%CI −4.3 to −2.2, p<.001) 

compared to the Advice Only group. At 18 months, HDL-C had remained significantly 

changed between the Established group and the Advice Only group with a change of 

1.5mg/dL (95% CI 0.3 to 2.8, p=0.01), as did the reduction in waist circumference for each 

intervention group compared to the Advice Only group (Table 4).

4. DISCUSSION and CONCLUSION

4.1 Discussion

In this trial of individuals with pre- or Stage 1 hypertension, we documented that 

comprehensive lifestyle modification effectively reduces LDL-C, triglyceride levels, and 

total cholesterol levels compared to the “Advice Only” group at the primary end point of 6 

months. Between the two intervention groups, the “Established Plus DASH” group had 

significantly lower HDL-C and significantly higher triglyceride levels than the “Established” 
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group. We also found reductions in waist circumference between the two intervention groups 

and the “Advice Only” group at 6 months, which persisted at 18 months.

Although stepwise reductions were seen in blood pressure between the “Advice Only” 

group, the “Established” group, and the “Established Plus DASH” group, previously,11 we 

did not find similar results for lipid changes. In fact, the “Established” group had larger 

changes than the “Established Plus DASH” group with HDL and triglyceride values being 

significantly different. As was described in a prior analysis of the PREMIER trial, this may 

have occurred because those in the DASH arm may have received an “inadequate dose”11 

compared to the original DASH trial, a feeding study.19

A dose dependent association was observed for LDL-C, triglyceride levels, and total 

cholesterol per each intervention session attended. This dose dependent relationship was no 

longer significant when weight change was included in the model (Model 2) instead of 

baseline weight (Model 1). It does appear some of this relationship is mediated through 

waist circumference as Model 3 demonstrates slightly smaller effect size of intervention 

sessions attended on lipid levels, with significant changes still persisting for LDL-C and 

total cholesterol. Using the Baron and Kenny assessment for mediation, our finding suggests 

that waist circumference partially mediates the association between intervention attendance 

and LDL-C, as well as total cholesterol. The relationship between intervention sessions and 

triglycerides appears to be fully mediated by waist circumference.

The combined lipid changes, coupled with significant blood pressure changes, reduced 

Framingham cardiovascular risk, as reported by Maruthur, et al.13 Our study sought to see if 

this previously noted reduction decreased in a dose-dependent fashion. Given the 

introduction of the ASCVD risk score in recent years, we used this risk score. We 

demonstrated a decrease in 10-year ASCVD score per intervention session attended (Model 

1), which was partially mediated by change in weight (Model 2).

Multiple studies have shown that individual aspects of a comprehensive lifestyle 

intervention, such as increased physical activity and weight reduction are associated with 

favorable lipid changes in a dose dependent manner.20–22 Few studies have demonstrated 

benefits of comprehensive lifestyle interventions on blood lipid levels. Recently, Dehghani et 

al. demonstrated the effects of comprehensive lifestyle interventions on a number of 

cardiovascular risk factors, including decreasing the prevalence of dyslipidemia, which 

others have previously noted, as well.23,24 Gómez-Pardo et al. also recently showed that 

comprehensive lifestyle interventions can positively affect cardiovascular risk factors, 

though they were unable to demonstrate a significant dose-response relationship.25 While 

prior studies have demonstrated a relationship between comprehensive lifestyle changes and 

blood lipid levels, our study further demonstrates a potential dose response with more 

sessions being associated with greater reductions in LDL cholesterol. To our knowledge, our 

study is the first to demonstrate this significant dose-response relationship with LDL 

cholesterol. In contrast, there appears to be a dose response relationship of aerobic exercise 

intensity with HDL-c, with an apparent threshold effect at high levels of aerobic exercise.26

Dudum et al. Page 7

Patient Educ Couns. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



One limitation of our study is that the original inclusion criteria selected participants based 

on blood pressure cutoffs, not lipid values. Our study generally demonstrated greater 

benefits in patients in the dyslipidemia subgroups, which suggests that future studies may 

benefit from this specific inclusion criteria. Additionally, our adherence analysis is 

observational, as subjects were not analyzed by randomized group, and thus could be subject 

to residual confounding.

Strengths of this study include its randomized design and diverse population, which included 

a wide range of educational and income levels. Additionally, this study had very high rates 

of follow-up. Although adherence to the intervention was high, there was sufficient variation 

to detect a dose response relationship.

This study provides evidence that comprehensive lifestyle changes may be effective for a 

large, diverse group of patients, ultimately leading to favorable changes in blood lipid levels. 

These combined changes may lead to significant reductions in cardiovascular mortality, as 

those with higher LDL cholesterol and triglycerides have been reported to have higher rates 

of cardiovascular mortality.27–29 However, our findings underscore the importance of dose, 

which may explain some of the conflicting reports regarding lifestyle interventions and 

LDL-C.

30 Given the high prevalence of dyslipidemia in the United States31, engaged participation in 

comprehensive lifestyle counseling represents an important preventive strategy at both 

population and individual levels.

Lastly, this study suggests that although the interventions themselves may be effective, 

patient engagement is critical in the success of comprehensive lifestyle changes as evidenced 

by the dose dependent response. The POWER study is one such example where investigators 

were able to efficiently increase the frequency of contact with patients through coaching, 

web-based modules, and both in person individual and group sessions.32 Additional studies 

that test innovative and efficient approaches to enhance frequency of lifestyle counseling, 

e.g. use of clinic staff and contemporary technology, are warranted.

4.2 Conclusion

In summary, the overall findings from the PREMIER trial show that simultaneous 

implementation of lifestyle interventions may be an effective strategy for reducing LDL-C, 

triglycerides, and total cholesterol in adults at risk of cardiovascular disease. Research on 

efficient strategies to increase frequency of counseling, potentially though clinic staff and 

contemporary technology, should be conducted.

4.3 Practice Implications

Hyperlipidemia, and in particular, LDL-C, is associated with atherosclerosis and 

cardiovascular disease. Comprehensive lifestyle changes implemented by a diverse clinical 

staff, including nutritionists and health educators, can improve upon the traditional model of 

counseling by incorporating a combination of multilevel providers in individual and group 

counseling sessions. These interventions are associated with greater reductions in LDL-C 
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with greater participation, which highlights the importance of patient engagement in 

effective lifestyle interventions for that reduce LDL-C and ASCVD risk.
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FIGURE 1. 
Participant Flow in the Clinical Trial
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Figure 2. 
Mean Lipid values At Baseline and follow Up by Randomized Group
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Figure 3. 
LDL-C Change as a Function of Total Sessions Attended
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Figure 4A-D. 
Lipid Variables as a Function of Total Sessions Attendance

Appendix Table 1(A)

Lipid Values and Within Group Changes by Randomized Group and Timepoint
a

Baseline
Absolute Lipid Values Within Group Change

6 Months 8 Months 6 Months Change 18 Months Change

LDL Cholesterol (mg/dL)

 Advice Only 133.1 (3.5) 130.8 129.8 −2.3 (2.0) −3.3 (1.9)

 Established 134.0 (3.3) 126.1 128.8 −7.9 (2.0) −5.2 (2.0)

 Established + DASH 134.8 (3.4) 128.5 132.6 −6.3 (2.1) −2.2 (2.1)
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Baseline
Absolute Lipid Values Within Group Change

6 Months 8 Months 6 Months Change 18 Months Change

HDL Cholesterol (mg/dL)

 Advice Only 52.5 (1.5) 51.5 51.3 −1.0 (0.6) −0.2 (0.7)

 Established 53.0 (1.5) 53.0 54.3 −0.02 (0.6) 1.3 (0.7)

 Established + DASH 50.4 (1.4) 49.1 50.9 −1.3 (0.6) 0.5 (0.6)

Triglycerides (mg/dL)

 Advice Only 111.4 (9.2) 103.5 92.9 −7.9 (6.5) −18.5 (5.8)

 Established 109.3 (8.5) 81.7 83.8 −27.6 (5.6) −25.5 (5.0)

 Established + DASH 120.9 (8.2) 107.7 99.2 −13.2 (6.2) −21.7 (5.5)

Total Cholesterol (mg/dL)

 Advice Only 207.3 (3.6) 204.3 201.6 −4.0 (2.1) −5.7 (2.0)

 Established 209.3 (3.7) 198.0 202.0 −11.3 (2.2) −7.3 (2.2)

 Established + DASH 208.6 (3.6) 198.9 203.9 −9.7 (2.3) −4.7 (2.2)

a
Data are presented as mean difference (SE) unless otherwise indicated

Appendix Table 1(B)

Waist Circumference and Within Group Changes by Randomized Group and Timepoint
a

Absolute Waist Circumference Values Within Group Change

Baseline 6 Months 18 Months 6 Month Change 18 Month Change

Waist Circumference (cm)

 Advice Only 104.8 (1.5) 103.9 103.9 −0.9 (0.6) −0.9 (0.6)

 Established 104.6 (1.5) 100.1 101.6 −4.5 (0.6) −3.0 (0.6)

 Established + DASH 106.4 (1.6) 102.3 103.4 −4.1 (0.6) −3.0 (0.6)

a
Data are presented as mean difference (SE) unless otherwise indicated

Appendix Table 2.

Pairwise Comparisons by Treatment Group at 18 Months
a

Established vs. 
Advice Only 

Mean (95% CI) P-Value

Established + 
DASH vs. 

Advice Only 
Mean (95% CI) P-Value

Established + 
DASH vs. 

Established 
Mean (95% CI) P-Value

LDL Cholesterol 
(mg/dL)

 All −2.0 (−5.3 to 1.4) .25 1.1 (−2.4 to 4.6) .54 3.1 (−0.7 to 6.8) .11

 LDL ≥ 130 mg/dL −5.0 (−10.1 to 
0.0) .05 −0.7 (−5.6 to 4.2) .79 4.4 (−1.2 to 9.9) .12

 LDL < 130 mg/dL 1.3 (−3.1 to 5.6) .56 3.4 (−1.6 to 8.4) .18 2.1 (−3.0 to 7.2) .42

HDL Cholesterol 
(mg/dL)

 All 1.5 (0.3 to 2.8) .01 0.7 (−0.4 to 1.8) .19 −0.8 (−2.1 to 0.4) .19

 HDL ≥ 40 mg/dL 
(Male) and 50 mg/dL 
(Female) 1.4 (−0.5 to 3.3) .16 −0.2 (−1.9 to 1.5) .84 −1.5 (−3.5 to 0.5) .13
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Established vs. 
Advice Only 

Mean (95% CI) P-Value

Established + 
DASH vs. 

Advice Only 
Mean (95% CI) P-Value

Established + 
DASH vs. 

Established 
Mean (95% CI) P-Value

 HDL < 40 mg/dL 
(Male) and 50 mg/dL 
(Female) 1.7 (0.2 to 3.2) .02 1.8 (0.3 to 3.2) .01 0.03 (−1.4 to 1.5) .97

Triglycerides 
(mg/dL)

 All −7.0 (−15.9 to 
1.9) .12

−3.2 (−13.5 to 
7.0) .53 3.8 (−5.7 to 13.3) .44

 Triglyceride ≥ 200 
mg/dL

−17.7 (−58.7 to 
23.2) .39

−16.0 (−61.4 to 
29.5) .49

1.8 (−36.0 to 
39.6) .93

 Triglyceride < 200 
mg/dL

−5.7 (−12.3 to 
1.0) .09 −0.7 (−8.0 to 6.6) .85 5.0 (−2.5 to 12.6) .19

Total Cholesterol 
(mg/dL)

 All −1.5 (−5.3 to 2.2) .42 1.9 (−2.9 to 4.9) .62 2.5 (−1.6 to 6.7) .23

 Total Cholesterol ≥ 
240 mg/dL

−3.1 (−13.6 to 
7.5) .57

−0.8 (−12.2 to 
10.7) .90 2.3 (−9.1 to 13.7) .69

 Total Cholesterol < 
240 mg/dL −1.1 (−5.1 to 2.9) .58 1.5 (−2.6 to 5.5) .47 2.6 (−1.8 to 7.0) .24

a
Data are presented as mean difference (95% Confidence Interval) unless otherwise indicated

Appendix Table 3.

Baron and Kenny Mediation Analysis
a

LDL-C HDL-C Triglycerides Total Cholesterol

Step 1: Intervention 
Sessions (IS) & lipids

−0.68 (−0.98 to 
−0.37), p<.001

−0.09 (−0.19 to 
0.01), p=.09

−1.3 (−2.3 to −0.4), 
p=.004

−0.92 (−1.3 to 
−0.57), p<.001

Step 2: IS & waist 
circumference (WC) −0.40 (−050 to 

−0.30), p<.001

N/A (as no 
relationship, 

above)
−0.40 (−050 to −0.30), 

p<.001
−0.40 (−050 to 
−0.30), p<.001

Step 3: WC & lipids 0.46 (0.31 to 
0.61), N/A 2.0 (1.5 to 2.4), p<.001 0.71 (0.55 to 0.88),

p<.001 p<.001

Step 4: Model with both 
IS and WC

 Intervention Sessions −0.62 (−1.1 to 
−0.16), p=0.009 N/A

−0.32 (−1.2 to 0.62), 
p=.505

−0.70 (−1.1 to 
−0.34), p<.001

 Waist Circumference 0.56 (0.24 to 
0.89), p=.001 N/A 2.3 (1.7 to 2.9), p<.001

0.64 (0.41 to 0.88), 
p<.001

a
Data are presented as β-coefficient (95% Confidence Interval), p-value unless otherwise indicated

Appendix Table 4.

ASCVD Score and Waist Circumference Change Per 10 Intervention Sessions Attended
a

ASCVD Change Mean (95% 
CI) P-Value Waist Circumference Change 

Mean (95% CI) P-Value

Unadjusted Model −1 (−2 to −0.01) <.001 −0.5 (−0.6 to −0.3) <.001
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ASCVD Change Mean (95% 
CI) P-Value Waist Circumference Change 

Mean (95% CI) P-Value

Model 1
b

−0.9 (−1.5 to −.2) <.001 −0.2 (−0.3 to −0.1) <.001

Model 2
c

−0.6 (−1.2 to 0.07) .08 −0.1 (−0.2 to 0.0) .06

Model 3
d

−1 (−1.6 to −.3) .001 n/a

a
Data are presented as mean different (95% Confidence Interval), unless otherwise indicated

b
Adjusted for Baseline Weight, Age, Sex, Race, Alcohol Intake, Intervention Group, Baseline Lipid Value, Site, Cohort, 

Visit
c
Adjusted for Weight Change, Age, Sex, Race, Alcohol Intake, Intervention Group, Baseline Lipid Value, Site, Cohort, 

Visit
d
Adjusted for Baseline Waist circumference, Age, Sex, Race, Alcohol Intake, Intervention Group, Baseline Lipid Value, 

Site, Cohort, Visit

ABBREVIATIONS

ASCVD Atherosclerotic Cardiovascular Disease

BMI Body Mass Index (units of kg/m2)

CI Confidence Interval

DASH Dietary Approaches to Stop Hypertension

LDL-C Low-density lipoprotein cholesterol

HDL-C High-density lipoprotein cholesterol

NIH National Institutes of Health

SD Standard Deviation

SE Standard Error
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Highlights

• Compared to control, comprehensive lifestyle changes significantly reduced 

LDL-C

• These changes diminished from 6 months to 18 months

• Higher intervention session attendance was associated with larger reductions 

in LDL-C

• Patient engagement is an important aspect of effective lifestyle interventions
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PRACTICE IMPLICATIONS

Patient engagement is a critical aspect of effective lifestyle interventions.
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Table 1.

Baseline Characteristics by Randomized Group
a

Characteristic Advice Only (n=258) Established (n=246) Established + DASH (n=252) Overall (n=756)

Age, mean (SD) 49.3 (8.7) 49.8 (8.3) 49.9 (9.3) 49.7 (8.8)

Sex

  Male 93 (36.1) 81 (32.9) 104 (41.3) 278 (36.8)

  Female 165 (64.0) 165 (67.1) 148 (58.7) 478 (63.2)

Race

  Black 96 (37.2) 89 (36.2) 77 (30.6) 262 (34.7)

  White 159 (61.6) 157 (63.8) 169 (67.1) 485 (64.2)

  All Others 3 (1.2) 0 (0) 6 (2.4) 9 (1.2)

BMI, mean (SD)
b

33.0 (5.6) 33.0 (5.7) 33.3 (6.4) 33.1 (5.9)

Weight Classification

  Non-overweight (BMI <25) 13 (5.0) 13 (5.3) 15 (6.0) 41 (5.4)

  Overweight (BMI 25–29.9) 73 (28.3) 74 (30.1) 39 (31.4) 226 (29.9)

  Obesity Class I (BMI 30–34.9) 83 (32.2) 71 (28.9) 64 (25.4) 218 (28.8)

  Obesity Class II (BMI 35–39.9) 54 (20.9) 51 (20.7) 48 (19.1) 153 (21.2)

  Obesity Class III (BMI 40+) 35 (13.6) 37 (15.0) 46 (18.3) 118 (15.6)

Waist Circumference in cm, mean (SD) 107 (14.8) 107 (14.4) 108.8 (16.4) 107.6 (15.2)

Alcoholic Drinks/Week, mean (SD) 1.5 (2.8) 1.7 (3.4) 2.0 (3.7) 1.7 (3.3)

Annual household Income

  <$30,000 30 (11.6) 26 (10.6) 26 (10.3) 82 (10.9)

  $30,000-$59,999 88 (34.1) 76 (30.9) 76 (30.2) 240 (31.7)

  $60,000-$89,999 86 (33.3) 82 (33.3) 77 (30.6) 245 (32.4)

  $90,000+ 46 (17.8) 54 (22.0) 61 (24.2) 161 (21.3)

  No Answer 8 (3.1) 8 (3.3) 12 (4.8) 28 (3.7)

Education

  High School or less 18 (7.0) 18 (7.3) 31 (12.3) 67 (8.9)

  Some College 171 (66.3) 148 (60.2) 137 (54.4) 456 (60.3)

  Some Graduate School 69 (26.7) 80 (32.5) 84 (33.3) 233 (30.8)

Current Tobacco Use 15 (5.8) 21 (8.5) 12 (4.8) 48 (6.4)

ASCVD Score, mean (SD) 4.3 (4.5) 4.6 (4.6) 4.9 (5.3) 4.6 (4.8)

Dyslipidemia
c

  LDL Cholesterol 139 (53.9) 138 (56.1) 142 (56.4) 419 (55.4)

  HDL Cholesterol 113 (43.8) 112 (45.5) 131 (52.0) 356 (47.1)

  Triglyceride 46 (17.8) 45 (18.3) 52 (20.6) 143 (18.9)
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Characteristic Advice Only (n=258) Established (n=246) Established + DASH (n=252) Overall (n=756)

  Total Cholesterol 46 (17.8) 55 (22.4) 50 (19.8) 151 (20.0)

a
Data are presented as No. (%) unless otherwise indicated

Abbreviations: BMI= Body Mass Index, DASH = Dietary Approaches to Stop Hypertension

b
Body mass index is calculated by dividing the weight in kilograms by the square of the height in meters

c
Dyslipidemia defined as:

LDL cholesterol of ≥ 130mg/dL

HDL cholesterol of < 40 mg/dL for men and 50 mg/dL for women Triglyceride of ≥ 200mg/dL

Total cholesterol of ≥ 240mg/dL
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Table 4.

Pairwise Comparisons of Waist Circumference by Treatment Group at 6 Months

6-Month Comparison Mean 
(95% CI) P-Value

18-Month Comparison Mean 
(95% CI) P-Value

Waist Circumference

   Established vs. Advice Only −3.6 (−4.7 to −2.5) <.001 −2.2 (−3.5 to −0.9) .001

   Established + DASH vs. Advice Only −3.2 (−4.3 to −2.2) <.001 −2.2 (−3.4 to −0.9) .001

   Established + DASH vs. Established 0.4 (−0.7 to 1.5) .52 0.04 (−1.2 to 1.3) .95
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