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Abstract

Aims—Large-scale clinical trials and translational studies have demonstrated that weight loss 

achieved through diet and physical activity reduced the development of diabetes in overweight 

individuals with prediabetes. These interventions also reduced the occurrence of metabolic 

syndrome and risk factors linked to other chronic conditions including obesity-driven cancers and 

cardiovascular disease. The Healthy Living Partnerships to Prevent Diabetes (HELP PD) was a 

clinical trial in which participants were randomized to receive a community-based lifestyle 

intervention translated from the Diabetes Prevention Program (DPP) or an enhanced usual care 

condition. The objective of this study is to compare the 12 and 24-month prevalence of metabolic 

syndrome in the two treatment arms of HELP PD.

Materials and Methods—The intervention involved a group-based, behavioral weight-loss 

program led by community health workers monitored by personnel from a local diabetes education 

program. The enhanced usual care condition included dietary counseling and written materials.

Results—HELP PD included 301 overweight or obese participants (BMI 25–39.9 kg/m2) with 

elevated fasting glucose levels (95–125 mg/dl). At 12 and 24 months of follow-up there were 

significant improvements in individual components of the metabolic syndrome: fasting blood 

glucose, waist circumference, HDL, triglycerides and blood pressure and the occurrence of the 

metabolic syndrome in the intervention group compared to the usual care group.
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Conclusions—This study demonstrates that a community diabetes prevention program in 

participants with prediabetes results in metabolic benefits and a reduction in the occurrence of the 

metabolic syndrome in the intervention group compared to the enhanced usual care group.
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INTRODUCTION

The metabolic syndrome is a constellation of clinical features1 which in combination 

identify individuals who are at increased risk for developing diabetes, some cancers, and 

cardiovascular disease including stroke.2–4 Diseases related to metabolic syndrome represent 

the leading causes of death in the United States, making interventions to improve the 

components of metabolic syndrome especially needed. Programs specifically designed to 

promote weight loss have been successful in improving these parameters but have been 

criticized as being too expensive for dissemination to the general population.

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

were successful in altering the metabolic profiles of participants and such benefits were 

found to be long lasting. The DPP5,6 reported that the prevalence of metabolic syndrome at 3 

years among those who had metabolic syndrome at baseline was significantly lower in the 

lifestyle intervention group compared to the placebo group.7 Similarly in the FDPS,8 with a 

mean follow-up of 3.9 years, the prevalence of metabolic syndrome decreased significantly 

in the intervention group compared to the control group.9 The Healthy Partnerships to 

Prevent Diabetes (HELP PD) trial was a single center randomized controlled trial (RCT) 

targeting overweight individuals with elevated fasting glucose levels (95–125 mg/dL)10 and 

was successful in reducing fasting glucose in the intervention arm compared to the enhanced 

usual care arm at one and two years.11,12 The cost of the intervention program was 

approximately one-third that of DPP as HELP PD employed community health workers to 

facilitate the intervention groups.13 The intervention resulted in weight loss in most 

participants in the first 6 months comparable to DPP14 and the weight loss was maintained 

in a significant number of participants for a 24 month period.11,12 This paper summarizes 

the impact of the intervention on 12 and 24 month changes in the metabolic syndrome and 

its individual components in these individuals.

METHODS

The design and methods, recruitment details, and primary outcome measures of this study 

have previously been reported.10–16 Briefly, this single center RCT of overweight and obese 

participants (BMI 25–39.9 kg/m2) with elevated fasting blood glucose between 95 and 125 

mg/dl were randomly assigned to either the group-based lifestyle weight loss (LWL) 

intervention or enhanced usual care (EUC).10 Exclusion criteria were diabetes, 

cardiovascular disease in the past 6 months, uncontrolled hypertension, medications 

affecting glucose metabolism, and major chronic illnesses that would affect participation 

and/or limit lifespan.15 Overall the goal of recruitment was to be representative of the 
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community so that the intervention could be translated to the general population; 301 

individuals were enrolled in the trial and data was collected during 2007–2011.15 There was 

no racial or gender bias in the selection of participants. Outcomes were assessed every 6 

months and included fasting blood glucose, weight, waist circumference, triglycerides, blood 

pressure, LDL and HDL cholesterol.10 All participants provided written informed consent 

and the study was approved by the Wake Forest School of Medicine Institutional Review 

Board. The analyses described in this report were performed in 2015–2016.

Interventions

The LWL intervention was adapted from the DPP curriculum5 to be delivered by community 

health workers (CHWs) in group settings.10 The objective was to achieve weight loss 

through reductions in caloric intake of approximately 500 kcal/day and moderate intensity 

exercise of 180 minutes/week to achieve weight loss of .3 kg per week for the first 6 months 

(Phase 1) for 5%-7% total weight loss. Months 7–24 (Phase 2) were focused on weight 

maintenance but weight loss goals were encouraged as long as BMI did not fall below 20 

kg/m2. Participants met in groups of 8–12 in community sites such as recreation centers, and 

sessions were led by the CHWs who were trained, monitored, and supervised by registered 

dietitian nutritionists (RDN) affiliated with the local diabetes education program.16 In 

addition, participants met in individual sessions with an RDN during months 1, 3 and 6. 

Group sessions were weekly during Phase 1 and then monthly in Phase 2. The CHWs also 

contacted the participants by phone once a month in Phase 2.

The EUC comparison arm was designed to offer more than what was usual care for 

participants to enhance continued participation in the trial. EUC consisted of two individual 

sessions focusing on healthy lifestyle with an RDN during the first three months of the trial 

and a monthly newsletter which addressed healthy lifestyle behaviors and community 

resources.

Outcome Measures

Metabolic Syndrome was determined using current ATP (Adult Treatment Panel III) / NCEP 

(National Cholesterol Education Program) guidelines1, 17–19 as the combination of any three 

of the following five conditions: waist circumference male ≥ 102cm (40in) female ≥ 88 cm 

(35in); fasting triglycerides ≥ 150 mg/dl or drug treatment for elevated triglycerides; HDL 

cholesterol male (<40mg/dl) and female (<50mg/dl) or drug treatment for low HDL 

cholesterol; blood pressure ≥ 130 systolic or ≥ 85 diastolic or drug treatment for elevated 

blood pressure and fasting plasma glucose (FPG) ≥ 100mg/dl or drug treatment for elevated 

blood glucose.17 All parameters were reported at baseline, 12 months and 24 months for 

both the LWL and EUC groups. Waist circumference was also assessed at 6 months while 

blood pressure and fasting plasma glucose were also assessed at 6 and 18 months. All blood 

tests were performed after an 8 hour fast and samples were processed by a central lab 

masked to the participants’ intervention assignment. Glucose was measured using a timed 

endpoint method supplied by Beckman Coulter for the Synchron LX analyzer. Waist 

circumference was measured using a Gulick II 150 cm anthropometric tape with the subject 

in a recumbent position without clothing touching the skin midpoint between the inferior 

margin of the last rib and the iliac crest.20
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Statistical Analysis

Constrained longitudinal data analysis (repeated measures analysis of variance with the 

baseline treated as a response and baseline means constrained to be equal in the two 

groups)21 was used to assess the effect of the HELP intervention on the components of the 

metabolic syndrome (waist circumference, SBP, DBP, fasting blood glucose, triglycerides, 

and HDL) over time. Note that some outcomes (e.g., SBP, DBP, and glucose) were measured 

every six months while others (e.g., triglycerides, HDL) were measured every year. All 

available data were used in the analyses; results are reported at baseline, 12, and 24 months 

for all outcomes. An unstructured covariance matrix was used to model the within patient 

correlations over time. Linear contrasts were used to assess the intervention effect at 12 and 

24 months. Chi-square tests were used to assess treatment differences in the proportion of 

individual metabolic components and the metabolic syndrome. Hochberg’s modified 

Bonferroni step-up multiple test procedure was used to adjust p-values for multiple contrasts 

for each outcome.22 Chi-square tests and t-tests were used to assess differences in 

participant characteristics between those who did and did not drop out of the study. SAS 

version 9.4 was used to perform the analyses.

RESULTS

A total of 301 participants were randomized between 8/2007 and 4/2009, 151 to LWL and 

150 to the EUC condition. Figure 1 illustrates the recruitment, screening, randomization, and 

retention process. Baseline characteristics for randomized participants are summarized in 

Table 1. Ages ranged from 34 to 81 with a median of 58 years; 57% were female and 27% 

were minority. Most participants were married (70%), employed full or part-time (66%), and 

lived with other people (81%). BMI ranged from 24.6 to 40.5 with a median of 32.8; by 

CDC criteria, 27% of participants were overweight and 73% were obese. Baseline 

characteristics were similar in the two groups.

The estimates of the prevalence of the metabolic syndrome components are also shown in 

Table 1 and descriptive statistics for the metabolic components of metabolic syndrome at 

baseline are shown in Table 2. Overall, 70% of the participants met the criteria for the 

metabolic syndrome. Baseline levels of the individual metabolic components did not differ 

significantly between treatment groups. By ATP/NCEP criteria, 84% were obese based on 

waist circumference, 70% had elevated blood pressure, 68% had elevated glucose levels, 

34% had elevated triglycerides, and 51% had low HDL levels. Roughly 50% of the 

participants in both treatment groups reported taking hypertension medications at baseline. 

In comparison, only 5% of LWL and 7% of EUC participants reported taking triglyceride 

medications.

Overall, 87% of the participants completed the two-year study period; 84% of the LWL 

participants and 89% of the EUC participants. Those who dropped out were similar to those 

who completed the study in gender, race, age, marital status, employment, household 

number, and all of the metabolic parameters. Obese participants were more likely to drop out 

(16%) than those who were overweight (6%), p = .025, but that was true for both arms (18% 

of LWL participants and 14% of EUC participants dropped out).
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Changes in the Components of Metabolic Syndrome over Time

Least squares estimates for the metabolic components, obtained from the constrained 

longitudinal models including time and treatment group, are shown in Table 3. It is seen that 

waist circumference decreased significantly over the first year in the LWL group and 

increased over the subsequent year while it remained relatively stable across time in the 

EUC group. Compared to the EUC group, waist circumference was significantly lower in the 

LWL group at all post-randomization times. Systolic blood pressure decreased significantly 

in both arms, but the two arms did not differ significantly at one or two years. Diastolic 

blood pressure (DBP) decreased similarly in the two groups over the first year; however, at 

two years DBP was significantly lower for the LWL group. Fasting blood glucose improved 

significantly for the LWL group during the first year and increased slightly thereafter while 

it improved slightly during the first year in the EUC group before increasing beyond 

baseline levels during the second year. Compared to the EUC group, fasting blood glucose 

was significantly lower in the LWL group at one and two years. Triglyceride levels 

decreased significantly over the first year in the LWL group and remained significantly 

lower than baseline at two years; they decreased non-significantly in the EUC group. 

Triglyceride levels were significantly lower in the LWL group at one year but not at two 

years. HDL remained relatively unchanged in the LWL group and decreased significantly 

over time in the EUC group. HDL levels were significantly higher in the LWL group at both 

one and two years.

The Metabolic Syndrome

The number and percentage of participants who met the ATP/NCEP criteria for the 

metabolic syndrome are shown in Table 4 by time and treatment group. These results fairly 

well mimic the results of the continuous components presented above. While not always 

statistically significant, the proportions of participants who met the criteria for each 

metabolic condition as well as the overall criteria for the metabolic syndrome were greater in 

the EUC group compared to the LWL group. At one year, 14% fewer LWL participants met 

the waist circumference criteria (p=.011), 15% fewer had elevated fasting blood glucose (p=.

012), 14% fewer had elevated triglycerides (p=.020), and 12% fewer had low HDL levels 

(p=.068). Overall, at one year, 53% of the LWL participants had the metabolic syndrome 

compared to 69% of the EUC participants (p=.006). Results were similar at two years. At 

that time, 13% fewer LWL participants had waist circumference criteria (p=.011), 16% 

fewer had elevated fasting blood glucose (p=.008), 5% fewer had elevated triglycerides (p=.

392), and 10% fewer had low HDL levels (p=.078). Overall, at two years, 61% of the LWL 

participants had the metabolic syndrome compared to 77% of the EUC participants (p=.

006).

Of the 135 LWL participants with baseline and one-year data, 6 participants who did not 

have the metabolic syndrome at baseline were classified as developing it at one year 

(worsened) while 29 with the metabolic syndrome at baseline did not have it at one year 

(improved). For the 138 EUC participants with both measurements, 12 worsened and 16 

improved. Of the 127 LWL participants with baseline and two-year data, 14 worsened and 

25 improved. For the 134 EUC participants with both measurements, 20 worsened and 11 

improved.
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DISCUSSION

The HELP PD trial successfully demonstrated that a weight loss program utilizing 

community health workers (CHWs) in community settings was able to significantly reduce 

fasting glucose in the intervention (LWL) arm compared to the control group (EUC). Just as 

important are the effects on other metabolic risk factors comprising the metabolic syndrome, 

a highly prevalent condition in these overweight study subjects. It is increasingly being 

recognized that the constellation of metabolic conditions should be addressed and treated for 

the prevention of not only cardiovascular disease but diabetes and obesity-driven cancers 

including postmenopausal breast cancer and prostate cancer as well.2–4

Calculator tools for the 10-year risk assessment for having a heart attack use the following 

parameters: age, gender, total cholesterol, HDL cholesterol, smoker and systolic blood 

pressure but fail to include obesity as measured by BMI and waist circumference. Increased 

waist circumference was in the metabolic syndrome range in more than 80% of the study 

subjects at baseline and dropped to 66% in the LWL group at 12 months and 69% at 24 

months. The EUC group had no significant reduction in waist circumference and remained 

in the metabolic syndrome range at 12 months (80%) and 24 months (82%). This program of 

weight loss through caloric restriction and modest exercise benefits multiple metabolic 

parameters and the subsequent metabolic syndrome. In particular, changes in waist 

circumference as a measure of adiposity, fasting glucose, fasting triglycerides, diastolic 

blood pressure and HDL levels were positively impacted by this program. These benefits 

were attained at one year and sustained over a two-year period.

Because trained CHWs were able to carry out the main delivery and documentation of the 

intervention, translation into other community settings appears to both affordable and 

sustainable. Cost is much more modest with CHWs implementing the protocol with support 

from staff affiliated with a diabetes care center or similar facility. Recent efforts to scale up 

diabetes prevention interventions on a national level could have the added benefit of 

reaching populations at risk for other costly chronic diseases.23 The prospect of duplicating 

this program in other community settings would allow the intervention to reach many more 

individuals at high risk of developing diabetes, cancer, and heart disease.

Limitations

There are limitations that require mentioning. The HELP PD study was a single-center trial 

that was implemented in a mid-sized city in North Carolina, USA. Participants were highly 

educated and Latinos were underrepresented due to our inability to offer the LWL 

intervention in Spanish. These limitations make it more difficult to generalize to other 

populations and the HELP PD intervention will need to be assessed in other settings.

CONCLUSIONS

Overall, this study demonstrates that a community-based diabetes prevention program in 

participants with prediabetes also resulted in metabolic benefits and a reduction in the 

occurrence of the metabolic syndrome in the intervention group compared to the enhanced 

usual care group.
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Figure 1. 
Screening, randomization, and follow-up in the HELP PD study
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Table 1

Baseline participant characteristics by arm

Intervention
(N=151)

Control
(N=150)

Total
(N=301)

Characteristic # ( %) # ( %) # ( %)

Sex

  Male 64 (42) 64 (43) 128 (43)

  Female 87 (58) 86 (57) 173 (57)

Race

  White 111 (74) 109 (73) 220 (73)

  Non-white 40 (26) 41 (27) 81 (27)

Age (years) – Median (Range) 57 (36, 81) 58 (37, 78) 58 (34, 81)

  < 50 42 (28) 33 (22) 75 (25)

  50 – 59 51 (34) 51 (34) 102 (34)

  60+ 58 (38) 66 (44) 124 (41)

Marital Status

  Never Married 12 ( 8) 5 ( 3) 17 ( 6)

  Married/Living together 105 (70) 107 (71) 212 (70)

  Divorced/Widowed/Separated 34 (23) 38 (25) 72 (24)

Employment

  Full or part-time 98 (65) 100 (67) 198 (66)

  Other 53 (35) 50 (33) 103 (34)

Number in House

  1 26 (17) 31 (21) 57 (19)

  2 84 (56) 77 (51) 161 (53)

  3 20 (13) 24 (16) 44 (15)

  4+ 21 (14) 18 (12) 39 (13)

Metabolic Condition

  Obesity 131 (87) 123 (82) 254 (84)

  Blood Pressure 109 (72) 103 (69) 212 (70)

  Glucose 102 (68) 103 (69) 205 (68)

  Triglycerides 50 (33) 53 (35) 103 (34)

  HDL 82 (54) 73 (49) 155 (51)

Number of Conditions

  0 2 ( 1) 1 ( 1) 3 ( 1)

  1 8 ( 5) 16 (11) 24 ( 8)

  2 33 (22) 29 (19) 62 (21)

  3 47 (31) 50 (33) 97 (32)

  4 46 (30) 39 (26) 85 (28)

  5 15 (10) 15 (10) 30 (10)

Medications

  Any 116 (77) 125 (83) 241 (80)
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Intervention
(N=151)

Control
(N=150)

Total
(N=301)

Characteristic # ( %) # ( %) # ( %)

  Hypertension 78 (52) 78 (52) 156 (52)

  Lipids 53 (35) 61 (41) 114 (38)

  Triglycerides 7 ( 5) 10 ( 7) 17 ( 6)

BMI – Median (Range) 32.9 (24.6, 39.9) 32.4 (24.6, 40.5) 32.8 (24.6, 40.5)

  ≥ 30 112 (74) 107 (71) 219 (73)
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Table 3

Least Squares Means (SEs) for metabolic components at each time*

Outcome Time Intervention (N=151) Control (N=150) p-value**

Waist 0 104.7 (0.58) 104.7 (0.58) ---

12 99.2 (0.67) 104.0 (0.67) <.001

24 101.3 (0.71) 104.5 (0.70) <.001

SBP 0 127.1 (0.81) 127.1 (0.81) ---

12 123.1 (1.08) 123.9 (1.07) .534

24 124.8 (1.23) 126.1 (1.20) .437

DBP 0 73.2 (0.54) 73.2 (0.54) ---

12 70.5 (0.70) 71.6 (0.69) .189

24 71.6 (0.75) 73.7 (0.73) .048

Glucose 0 105.5 (0.65) 105.5 (0.65) ---

12 101.2 (0.88) 104.1 (0.87) .015

24 103.3 (0.99) 107.7 (0.97) .003

Triglycerides 0 135.7 (4.9) 135.7 (4.9) ---

12 107.2 (4.9) 128.7 (4.9) <.001

24 112.3 (5.8) 124.9 (5.7) .083

HDL 0 46.4 (0.70) 46.4 (0.70) ---

12 46.1 (0.86) 42.4 (0.86) <.001

24 46.8 (0.98) 43.7 (0.96) .004

*
Restricting baseline means to be equal

**
Adjusted for multiple comparisons within an outcome using the Hochberg step-up procedure
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Table 4

Individual components of metabolic syndrome and overall metabolic syndrome status by time and arm

Condition Time Intervention Control p-value*

n / N ( %) n / N ( %)

Waist Circumference 0 131/151 (87) 123/150 (82) 256

12 89/135 (66) 110/138 (80) .011

24 87/127 (69) 110/134 (82) .011

Blood Pressure 0 109/151 (72) 103/150 (69) .504

12 83/135 (61) 91/138 (66) .443

24 86/127 (68) 100/133 (75) .364

Fasting Blood Glucose 0 102/151 (68) 103/150 (69) .835

12 74/135 (55) 96/138 (70) .012

24 79/127 (62) 105/134 (78) .008

Triglycerides 0 50/151 (33) 53/150 (35) .685

12 28/135 (21) 48/138 (35) .020

24 31/127 (24) 39/134 (29) .392

HDL 0 82/151 (54) 73/150 (49) .328

12 71/135 (53) 90/138 (65) .068

24 63/127 (50) 81/134 (60) .078

Metabolic Syndrome 0 108/151 (72) 104/150 (69) .677

12 71/135 (53) 95/138 (69) .006

24 77/127 (61) 103/134 (77) .006

Number of 0 3.1 (1.1) 3.0 (1.2) .431

Metabolic Conditions 12 2.6 (1.2) 3.2 (1.2) <.001

Mean (SD) 24 2.7 (1.3) 3.2 (1.2) <.001

*
Post-randomization p-values adjusted for multiple comparisons within an outcome using the Hochberg step-up procedure
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