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Summary

Background:

Material/Methods:

Results:

This study determined whether the Coronary Health Improvement Project (CHIP) can improve
cardiovascular disease risk factors through one year of follow-up and identiﬁed factors inﬂuencing loss to follow-up.
The CHIP program, an intensive four week community-based health education intervention designed to improve coronary risk factors, was evaluated using a quasi-experimental design. Analyses
were based on 1,712 community volunteers, ages 30 to 87 from the Rockford, Illinois Metropolitan
area. Of the participants, 97.7% completed the lifestyle evaluation at both baseline and after four
weeks, and 51% provided data through one year.

Participants showed signiﬁcant improvements in all cardiovascular risk factors considered (body
mass index, resting heart rate, systolic blood pressure, diastolic blood pressure, cholesterol, highdensity lipoprotein, low-density lipoprotein, triglycerides, and glucose) after both four weeks and
one year. Loss to follow-up was highest among those who were ages 30–39, had a history of diabetes, had a history of being overweight, smoked, lived with a heavy smoker, were physically less active, or were experiencing stress. Those with higher BMI, SBP, DBP, or glucose at baseline were also
more likely to be lost to follow-up through one year. Those who failed to improve their BMI, resting heart rate, serum cholesterol, HDL, LDL, triglycerides, or glucose after four weeks were 16%,
9%, 22%, 21%, 16%, 22%, and 15% more likely to be lost to follow-up, respectively.
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The CHIP program improves cardiovascular disease risk factors through one year of follow-up.
Poorer health status at baseline is associated with increased loss to follow-up. Failure to improve
one or more cardiovascular risk factors after four weeks of intervention is predictive of loss to follow-up through one year.
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Americans today have more body fat, more metabolic syndrome, and more diabetes than at any other time in recorded history [1,2]. A national trend of increasing incidence of
obesity is alarming and the implications are ominous because
excessive body fat is the cause of most cases of type 2 diabetes
and the cause of death for most diabetics is cardiovascular disease [3]. Even before the recent increases in obesity and diabetes, cardiovascular disease and cancer were the leading killers of Americans. Some have estimated that as much as 82%
of cardiovascular disease is lifestyle related [4]. The primary
lifestyle-related causes of cardiovascular disease are poor nutrition, lack of physical activity, and tobacco use.

All participants were encouraged to enroll in the study with
a spouse or signiﬁcant other to increase their support network. For those who participated in the program with their
partner (42%), the unit of randomization was pairs. For those
who participated as individuals (58%), the unit of randomization was individuals. No signiﬁcant differences were observed between pairs and individuals. The study was approved
by the Institutional Review Board of the SwedishAmerican
Health System in January 2003.
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Several lifestyle intervention programs targeting cardiovascular risks by altering lifestyle behaviors have been developed [5–10]. One such program is the Coronary Health
Improvement Project (CHIP) [11]. The CHIP was created
with the goal of reducing atherosclerosis-related diseases
and improving the overall health of the public by providing a lifestyle change program to both the community and
the workplace. The CHIP, developed as a 30-day, 40-hour
live lecture educational course, highlights the importance
of making better lifestyle choices for preventing and reducing cardiovascular disease. The program also teaches participants how to implement these choices through a change
in dietary, physical activity, and smoking habits.

Center for Complimentary Medicine (SACCM). Recruitment
was conducted by CHIP alumni groups, corporate clients, and the SACCM through targeted advertising and
through marketing efforts. Complete recruitment details
of the intervention have been published elsewhere [11].
The SwedishAmerican Health System (SAHS) is the largest
medical care provider in Rockford, Illinois. Like many other health care providers, SwedishAmerican Health System
is trying to integrate primary prevention efforts into the existing disease treatment model. This desire is demonstrated by its support for research efforts that can evaluate primary prevention strategies.

SE

BACKGROUND

Using the CHIP in a community setting, Diehl was able to use
a one-group pre-test/post-test design to document signiﬁcant
reductions in several cardiovascular risk factors [12]. Pre- and
post-intervention (4 weeks) data from 288 participants were
gathered and analyzed. Results indicated signiﬁcant decreases
in systolic blood pressure (SBP), diastolic blood pressure (DBP),
body mass index (BMI), and body weight. Participants also experienced signiﬁcant reductions in total cholesterol and lowdensity lipoprotein (LDL) cholesterol levels. Men and women
with the highest baseline LDL cholesterol levels (>189 mg/dL)
exhibited the largest decreases (34% and 19% respectively).
Additionally, 83% of the male participants who had elevated triglyceride levels at baseline were able to lower their triglyceride
levels. A randomized clinical trial assessing the CHIP showed
similar results after four weeks of follow-up [13]. Further investigation of the CHIP showed that improvement in many
heart disease risk factors after four weeks persisted through
six months of follow-up, as did health knowledge, diet knowledge, and diet and physical activity behaviors [14].
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Since 2000, CHIP community-based classes have been conducted. The purpose of this study is to determine whether in this real world setting, the CHIP can improve cardiovascular disease risk factors through one year of follow-up.
The study will also characterize those participants most likely to be lost to follow-up. A better understanding of those
who are not likely to comply with the intervention may assist researchers in improving compliance.

MATERIAL AND METHODS
Recruitment
Participants in this study voluntarily enrolled in one of six
separate CHIP classes offered through the SwedishAmerican

Intervention

The CHIP is an intensive community-based education intervention. Participants attend a four-week class, with four
sessions per week. Each class is two hours long. Cumulative
class time is approximately 32 hours. Theory-based intervention planning was used to develop the curriculum, class
design, alumni association, and each of the take-home assignments [15–17]. The intervention incorporated learning theory (behaviorism) in which changes in physical and
dietary behaviors were promoted using health education
and positive reinforcement. In addition to encouragement
and positive feedback from staff, the CHIP alumni program
was designed to help participants maintain positive behavior changes. The curriculum includes the following topics:
atherosclerosis, cardiovascular risk factors, obesity, dietary
ﬁber, smoking, diabetes, hypertension, hypercholesterolemia, dietary fat and cholesterol, exercise, osteoporosis,
cancer, lifestyle and health, the optimal diet, behavioral
change, and intrinsic self-worth.
To compliment the program, participants receive a textbook
and workbooks with additional information, worksheets, and
exercises to reinforce class content. These materials closely
follow the discussion topics and contain assignments with
learning objectives for each topic. The purpose of the assignments was to help participants better understand and
integrate the concepts and information presented in the
class lectures. Participants also had access to scheduled grocery shopping tours and cooking demonstrations given to
further support program objectives. Additionally, medical
professionals and community health advocates were invited to speak, providing nutrition, physical activity, and medical information.
Participants were guided and motivated to set progressive dietary and exercise goals. The dietary goals included
adopting a more plant-food centered diet with an emphasis
on unreﬁned complex carbohydrate foods (65–70% of total calories), such as grains, legumes, vegetables, and fresh
fruits. The diet is low in fat (less than 20% of energy), an-
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Exercise recommendations from the Centers for Disease
Control and Prevention were followed [18]. Program participants progressively worked toward walking at least 30
minutes each day. They maintained daily exercise logs and
recorded miles walked. Upon completion of the intensive
four-week instructional program, participants were encouraged to enroll in the CHIP alumni association. CHIP alumni receive a monthly newsletter, have socials, dinners, and
special events designed to help them maintain their new
behaviors, and provide extra social support.

Merrill RM et al – Cardiovascular risk reduction

Table 1. Description of 1,712 Coronary Health Improvement Project
(CHIP) participants according to selected variables.
No.
30−39

126

7.36

40−49

374

21.85

50−59

645

37.68

60−69

403

23.54

164

9.58

1,115

65.13

1,371

80.98

384

22.43

38

2.22

History of diabetes

228

13.32

History of being overweight

867

50.64

Lives with heavy smoker

75

4.38

Current smoker

72

4.21

Alcohol drinker

732

42.76

None

627

37.08

Mild 2−3 days/week

585

34.59

Moderate 3−5 days/week

403

23.83

Vigorous 4−6 days/week

76

4.49

70−79

The lifestyle evaluation was completed by participants before
and after the four-week program, and again at one year. It
provided information on demographics, health history, asthma/hay fever, current smoking and alcohol use, medical history, and whether and how often they exercised. Demographic
information included age, gender, and marital status. A dichotomous variable was created to indicate a history of heart
disease if they had previously experienced angina, a heart
attack, an angioplasty, a bypass, heart failure, an abnormal
EKG (last 3 years), or irregular heartbeats. The other variables were dichotomized as yes or no, except for exercise,
which had four levels: “none,” “mild 2–3 days/week,” “moderate 3–5 days/week,” and “vigorous 4–6 days/week.”

Female

The lifestyle evaluation also collected information on weight
and height, which was used to calculate BMI. The evaluation
also recorded information on blood pressure, pulse, and
results from blood tests. Trained program staff measured
weight and height using standard medical weight and height
scales regularly calibrated by the Biometrics Department of
the SwedishAmerican Hospital. BMI was determined using
the formula: weight (kg)/height (m2). Current deﬁnitions
commonly in use for BMI were adopted: 18.5–24.9 for normal weight, 25.0–29.9 for overweight, and 30 or greater for
obese [19]. Total cholesterol mg/dL, high-density lipoprotein (HDL) cholesterol mg/dL, LDL cholesterol mg/dL,
triglycerides mg/dL, and glucose (fasting) mg/dL were taken with a fasting blood draw.

Exercise

Married
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There were 1,712 CHIP participants (aged 30 years and older) from six classes who were followed for 1 year. The average number of participants in these classes was 285, with
the smallest cohort having 168 participants and the largest
cohort having 421 participants. Of the participants, 1,672
(98%) completed the lifestyle evaluation at both baseline
and after four weeks. The number of participants who completed the lifestyle evaluation at baseline and one year was
873 (51%). Race is not considered because approximately
95% of the participants were Caucasian.
Statistical analysis
Descriptive assessment of selected demographic, health history, and exercise variables were made using frequencies,
percentages, means, and standard deviations. Mean scores
for selected cardiovascular risk factors were derived at baseline, four weeks, and one year. Changes in mean scores for
BMI, SBP, DBP, total cholesterol, HDL, LDL, triglycerides,
and glucose were assessed using the paired t-test [20]. The
percentage lost to follow-up across the levels of demograph-

%

Age

SE

imal protein, sugar, and salt, very low in cholesterol, and
high in ﬁber and micronutrients.

PE

This copy is for personal use only - distrib
This copy is for personal use only - distribution prohibited.
This copy is for personal use only - distribution prohibited.
This copy is for personal use only - distribution prohibited.
py is for personal use only - distribution prohibited.

Med Sci Monit, 2008; 14(4): PH17-25

History of heart disease*
History of cancer

PH

* History of angina, heart attack, angioplasty, bypass, heart failure,
abnormal EKG (last 3 years), or irregular heartbeats.

ic, health history, exercise, stress, and cardiovascular risk
factor variables were assessed using the Mantel-Haenszel
chi-square test for trend [21]. Relative risks were calculated, adjusted for age and the CHIP class of the participants,
in order to further assess the increased risk of being lost to
follow-up through one year across the levels of the selected
variables. Corresponding conﬁdence intervals were calculated. Statistical signiﬁcance and conﬁdence intervals were
based on the 0.05 level. Analyses were performed using SAS
version 9.1 (SAS Institute Inc, Cary, NC, USA, 2003).

RESULTS
Participants had a mean age of 55.2 (SD=10.7), ranging from
30 to 87. A description of the study participants is presented
in Table 1. The majority of participants were female, married,
had a history of being overweight, and exercised two or more
days per week. About 43% drank alcohol weekly. Among the
chronic diseases considered, a history of heart disease was most
common, followed by diabetes and then cancer. More than 4%
lived with a heavy smoker and/or were current smokers.
Mean cardiovascular risk factor scores for the participants
were 31.2 (SD=7.5) for BMI, 135.8 mm Hg (SD=18.9) for SBP,
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Lost to follow-up after one year
Cardiovascular risk factor

No.#

Baseline

After four
weeks

Mean
change

843

32.60

31.48

–1.12***

Resting heart rate, beats/min

835

72.12

69.62

–2.50***

Systolic blood pressure, mm Hg

842

137.17

130.55

–6.62***

Diastolic blood pressure, mm Hg

842

83.14

78.62

–4.52***

Cholesterol, mg/dL

844

203.52

182.78

–20.74***

High density lipoprotein, mg/dL

844

52.76

46.53

–6.23***
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SE

Body mass index

Low-density lipoprotein, mg/dL

832

120.59

107.45

–13.14***

Triglycerides, mg/dL

844

158.60

146.81

–11.79***

843

111.67

105.75

–5.92***

Glucose, mg/dL

Not lost to follow-up after one year

This copy is for personal use only - distribution prohibited.

Cardiovascular risk factor
Body mass index

No.#

Baseline

After four
weeks

Mean
change

After
one year

Mean
change

866

29.89

28.74

–1.15***

28.43

–1.46***

Resting heart rate, beats/min

860

71.48

68.75

–2.73***

68.54

–2.94***

Systolic blood pressure, mm Hg

866

134.35

128.12

–6.23***

130.92

–3.43***

Diastolic blood pressure, mm Hg

866

80.87

77.28

–3.59***

77.71

–3.16***

Cholesterol, mg/dL

867

202.71

179.13

–23.58***

197.24

–5.47***

High density lipoprotein, mg/dL

867

52.18

46.00

–6.18***

50.14

–2.04***

Low-density lipoprotein, mg/dL

834

120.4

105.92

–14.48***

118.44

–1.96*

Triglycerides, mg/dL

867

155.82

141.38

–14.44***

143.51

–12.31***

867

103.85

99.28

–4.57***

96.29

–7.56***
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Table 2. Mean cardiovascular risk factor scores and change scores after four weeks and after one year for 1,712 Coronary Health Improvement
Project (CHIP) participants according to loss to follow-up status after one year.
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Glucose, mg/dL

Tests of significance based on the paired t-test.
Numbers may differ because of nonresponse to the specific items; * p<0.05; ** p<0.01; *** p< 0.001.

#

82.0 mm Hg (SD=10.2) for DBP, 203.0 mg/dL (SD=40.1)
for total cholesterol, 52.4 mg/dL (SD=14.1) for HDL, 120.5
mg/dL (SD=33.6) for LDL, 157.0 mg/dL (SD=125.5) for triglycerides, and 107.7 mg/dL (SD30.3) for glucose. Changes
in these cardiovascular risk factors after four weeks and after one year are presented according to loss to follow-up
status at one year (Table 2). Signiﬁcant decreases occurred
for each of the cardiovascular risk factors in both time periods for those lost and those not lost to follow-up at one
year. Those lost to follow-up had signiﬁcantly higher mean
BMI, SBP, DBP, and glucose at baseline.
Younger age, a history of diabetes, a history of being overweight, a history of smoking, living with a smoker, and less
exercise at baseline were signiﬁcantly associated with an increased risk of being lost to follow-up (Table 3). Sex, marital status, history of heart disease, history of cancer, and
drinking alcohol were not signiﬁcantly associated with loss
to follow-up (data not shown). The relationship between

baseline categories of the selected cardiovascular risk factors and loss to follow-up are presented in Table 4. For example, compared with those with normal serum glucose at
baseline, those with serum glucose of 110–125 mg/dL were
15% more likely to be lost to follow-up and those with serum glucose of at least 126 mg/dL were 33% more likely
to be lost to follow-up.
Participants were asked at baseline whether they sleep restlessly, feel under pressure, are easily emotionally upset, or
feel fearful or depressed (Table 5). These stress-related variables were also associated with follow-up status at one year.
Restless sleeping or feeling under pressure affected about
34% of the participants; being easily emotionally upset affected about 23%; and feeling fearful or depressed affected roughly 18%. The risk of loss to follow-up signiﬁcantly
increased among those who indicated they slept restlessly,
felt under pressure, were easily emotionally upset, or felt
fearful or depressed. For example, those who indicated that
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Baseline no.

Loss to
follow-up no.

Loss to
follow-up %

Relative
risk#

95% CI#

62**

1.00

–

Age
126

78

40−49

374

194

52

0.76

0.60, 0.97

50−59

645

313

46

0.68

0.54, 0.86

60−69

403

176

44

0.60

0.48, 0.77

70+

164

78

48

0.56

0.41, 0.78
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1,484

694

47***

1.00

–

228

145

67

1.49

1.25, 1.78

845

374

44***

1.00

–

867

465

54

1.23

1.12, 1.35

1,637

792

48*

1.00

–

75

47

63

1.36

1.01, 1.82

1,640

794

48*

1.00

–

72

45

63

1.23

0.95, 1.75

627

333

53***

1.00

–

Mild 2–3 days/week

585

300

51

0.99

0.88, 1.12

PE

No

SE

30−39

History of diabetes

Moderate 3–5 days/week

403

161

40

0.82

0.73, 0.92

Vigorous 4–6 days/week

76

31

41

0.83

0.69, 1.01

Yes

PH

History of being overweight
No
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Table 3. Distribution of selected variables at baseline for 1,712 Coronary Health Improvement Project (CHIP) participants according to loss to
follow-up status after one year.
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Yes

Lives with heavy smoker
No
Yes
Smoker
No
Yes
Exercise
None

Tests of significance based on the Mantel-Haenszel chi-square test for trend.
Adjusted for age and CHIP class; * p<0.05; ** p<0.01; *** p<0.001.

#

they were easily emotionally upset were 22% more likely to
be lost to follow-up. Those who experienced one or two of
these four stress-related variables compared with none were
18.3% (95% CI 6.6% to 31.4%) more likely to be lost to follow-up. Those who experienced three to four of these stress
variables compared with none were 27.1% (95% CI 11.5%
to 45.0%) more likely to be lost to follow-up.
The number of stress-related variables experienced was directly associated with BMI. After adjusting for age and CHIP
class, BMI was 30.2, 31.2, 31.9, 32.5, and 35.6 for those experiencing 0, 1, 2, 3, or 4 of the stress conditions at baseline. This positive relationship was statistically signiﬁcant
(P<0.0001).
In addition to considering how baseline values were associated with loss to follow-up, changes in cardiovascular risk

factor status through four weeks was also predictive of loss
to follow-up (Table 6). Those who failed to improve their
cardiovascular risk status after four weeks were signiﬁcantly more likely to be lost to follow-up (P<0.05), with the exception of SBP (P=0.22) and DBP (P=0.22). For example,
those who failed to improve their total cholesterol after four
weeks of the intervention were 22% (95% CI 10% to 37%)
more likely to be lost to follow-up.

DISCUSSION
The CHIP is effective at improving nutrition, exercise, and
lowering tobacco use. Positive improvements were observed
through four weeks and one year for the selected cardiovascular
risk factors considered in this study. Improved heath risks are
believed to be primarily the result of the adoption and maintenance of healthy nutrition and physical activity behaviors.
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Baseline no.

Loss to
follow-up no.

Loss to
follow-up %

Relative
risk

Normal (18.5–24.9)

325

113

35***

1.00

–

Overweight (25.0–29.9)

556

237

43

1.68

1.43, 1.96

Obese (≥30.0)

826

485

59

1.23

1.03, 1.46

729

344

47

Cardiovascular risk factor category

95% CI#

Resting heart rate, beats/min
<70

1.00

–

70–79

524

267

51

1.06

0.96, 1.18

≥80

442

216

49

1.05

0.94, 1.18

R
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Systolic blood pressure (mm Hg)

287

123

43**

1.00

–

Prehypertensive (120−139)

752

354

47

1.11

0.96, 1.29

High (140−159)

467

248

53

1.30

1.12, 1.51

202

110

54

1.34

1.13, 1.60

622

262

42***

1.00

–

Normal (<120)

Dangerous (≥160)

This copy is for personal use only - distribution prohibited.

SE

Body mass index (kg/m2)

Diastolic blood pressure (mm Hg)
Normal (<80)

Prehypertensive (80−89)

672

337

50

1.15

1.02, 1.28

High (90−99)

326

186

57

1.33

1.17, 1.50

88

50

57

1.31

1.09, 1.58

835

410

49

1.00

–

Borderline (200−239)

582

280

48

0.98

0.88, 1.08

High risk (≥240)

294

149

51

1.01

0.89, 1.14

435

219

50

1.00

–

Dangerous (≥100)

Total cholesterol (mg/dL)
Normal (<200)

High-density lipoprotein (mg/dL)
High (≥60)
Normal (40−59)

497

497

50

1.02

0.91, 1.13

292

123

42

0.95

0.81, 1.10

Optimal (<100)

472

238

50

1.00

–

Above optimal (100−129)

571

280

49

1.00

0.89, 1.12

Borderline (130−159)

423

192

45

0.93

0.81, 1.06

High (160−189)

158

76

48

1.00

0.84, 1.20

Very high (≥190)

42

28

67

1.15

0.93, 1.42

Normal (<150)

1,023

494

48

1.00

–

Borderline (150−199)

320

155

48

0.99

0.87, 1.12

High (200−499)

248

181

52

1.02

0.91, 1.14

Very high (≥500)

20

9

45

0.99

0.62, 1.60

Normal (<110)

1,268

46

04***

1.00

–

Impaired fasting glucose (110−125)

220

53

24

1.15

1.02, 1.29

Diabetes (≥126)

222

62

28

1.33

1.20, 1.48
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Table 4. Distribution of selected cardiovascular risk factor scores by baseline category for 1,712 Coronary Health Improvement Project (CHIP)
participants according to loss to follow-up status after one year.
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Low (<40)

Low-density lipoprotein (mg/dL)

Triglycerides (mg/dL)

Glucose (mg/dL)

Tests of significance based on the Mantel-Haenszel chi-square test for trend.
Adjusted for age and CHIP class; * p<0.05; ** p<0.01; *** p<0.001.

#
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Table 5. Distribution of selected stress factors at baseline for 1,712 Coronary Health Improvement Project (CHIP) participants according to loss to
follow-up status after one year.
Stress risk factors

Baseline no.

Loss to
follow-up no.

Loss to
follow-up %

Relative risk

95% CI#

Sleep restlessly
1,125

521

46**

1.00

–

Yes

587

318

54

1.16

1.06, 1.27

No

1,124

526

47*

Yes

588

313

53

Feel under pressure

No
Yes

R
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Easily emotionally upset

SE

No

1.00

–

1.11

1.01, 1.23

1,317

619

47**

1.00

–

395

220

56

1.22

1.08, 1.37

1,403

669

48*

1.00

–

309

170

55

1.18

1.04, 1.34

PH

Feel fearful or depressed
No
Yes

Tests of significance based on the Mantel-Haenszel chi-square test for trend.
#
Adjusted for age and CHIP class; *p<0.05; **p<0.01; ***p<0.001.

Table 6. The risk of being lost to follow-up after one year if no improvement was observed in the selected cardiovascular risk factor after four weeks.
Cardiovascular Risk Factor

Baseline No.**

No improvement No improvement
Relative risk*
no.
%

95% CI*

Body mass index (kg/m2)

1,662

94

5.7

1.16

1.05, 1.29

Resting heart rate, beats/min

1,644

738

44.9

1.09

1.00, 1.18

Systolic blood pressure (mm Hg)

1,663

576

34.6

1.07

0.96, 1.19

Diastolic blood pressure (mm Hg)

1,663

631

37.9

1.07

0.96, 1.19

Total cholesterol (mg/dL)

1,669

319

19.1

1.22

1.10, 1.37

High-density lipoprotein (mg/dL)

1,669

294

17.6

1.21

1.08, 1.36

Low-density lipoprotein (mg/dL)

1,612

424

26.3

1.16

1.04, 1.30

Triglycerides (mg/dL)

1,669

800

47.9

1.22

1.11, 1.35

Glucose (mg/dL)

1,667

658

39.5

1.15

1.04, 1.28
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* Each variable adjusted for age, CHIP class, and baseline cardiovascular risk factor category;
** Numbers may differ because of nonresponse to the specific items.
With most cardiovascular lifestyle interventions there is a certain amount of healthy behavior recidivism; that is, after the
formal intervention ends many participants revert to previous behaviors, which subsequently results in the return of
heart disease risk factors to baseline levels. Therapeutic lifestyle trials that lasted longer than three months and included lipid outcomes have reported such outcomes [22–25].
Among those who were not lost to follow-up after one year
in the current study, a partial return to baseline scores was
observed for all cardiovascular risk factors except resting
heart rate and serum glucose, which continued to improve

through one year. However, the improvements observed
through one year remained statistically signiﬁcant for each
of the cardiovascular risk factors. Although it is unknown
whether those who were lost to follow-up would have continued to show signiﬁcant improvement in the cardiovascular risk factors through one year, after four weeks they
showed similar improvements to those not lost to follow-up
through one year.
The CHIP followed a simple framework for behavior change:
improving awareness, enhancing motivation, building skills,
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This intervention study suffers from some internal threats to
validity. Health history, exercise, and stress variables were selfreported, which may be biased. Further, a control group which
was not exposed to the intervention was not available. Yet, similar results to the current study were found in a previous randomized controlled trial of the CHIP [13,14]. Participants
were community volunteers who may have had elevated levels
of commitment and motivation since the program is relatively
intensive. The potential for selection bias may affect internal
validity and delimits the generalizeability of the results. Thus,
these results may represent best case and may only be applicable to similarly motivated volunteers. Results at the one year
point may also be misleading because of the high loss to follow-up. However, the large percentage of participants lost to
follow-up allowed us to identify factors associated with their
failure to remain in the study through one year.
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and providing opportunities for healthy behaviors [26]. As
participants worked though the program they gained awareness, motivation, skills, and learned how community, cultural,
and environmental factors can either encourage or discourage health behaviors. Other lifestyle intervention programs
that targeted cardiovascular risks by altering lifestyle behaviors
have used similar frameworks. Gordon and colleagues used
a community-based lifestyle management program to help
2,390 ethnically diverse men and women reduce hypertension, hyperlipidemia, and impaired blood glucose [27]. After
12 weeks, many participants reached healthy risk levels without pharmocotherapeutic intervention. After one year, Boylan
and colleagues showed that education and one-on-one followup can signiﬁcantly change health risk behavior [28]. They
also demonstrated that a comprehensive community-based
screening and individualized review conducted in neighborhood places of worship decrease women’s risk for cardiovascular disease. Community cardiovascular disease prevention
interventions in Holland and Sweden also showed that it is
possible to lower dietary fat consumption, increase physical
activity and improve BMI, waist to hip ratios, and serum cholesterol concentration [29,30]. Using just participant education and awareness, the Hearts for Life program was able to
improve cardiovascular disease risk knowledge and reduce risk
behaviors in healthy adults over a short time period [5].

Part of the apparent success of the CHIP may be due to the
concentrated, intense immersion that was experienced by
participants. This intensity is markedly different from what
participants in a rural community trial such as the “Health
and Inequalities in Finnmark” cardiovascular disease risk
reduction trial might experience [31]. Participants in this
intervention used empowerment and cooperation between
different organizations, and the primary healthcare system
to help a ﬁshing community in the Norwegian Artic reduce
cardiovascular risk factors [31]. After several years, participants experienced an 8.6% increase in physical activity, and
reduced SBP by 0.01 mmHg and DBP by 2.1 mmHg. These
small improvements would be expected from a fairly diffused
community-wide attempt to change nutrition and physical
activity behaviors. This intervention is considerably less intense than the CHIP and would be expected to have a much
smaller impact. Earlier CHIP studies utilized a randomized
clinical trial design and found similar positive results with
reductions in chronic disease risk factors [13,14].
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The analysis on loss to follow-up indicates that people most
likely lost to follow-up are younger, have a history of diabetes, have a history of being overweight, smoke, live with a
heavy smoker, or are less physically active at the beginning
of the study. The younger age may be related to the fact that
the participants tended to be older and that younger people, particularly those in their 30s, may not have felt as comfortable with the social climate. The other variables may reﬂect individuals who are less health oriented, thus less likely
to remain in a lifestyle change program over the long run.
Other variables related to a general health orientation that
were associated with loss to follow-up were body mass index,
systolic and diastolic blood pressure, and glucose.
Studies have associated stress with heavier body weight
[32–35]. In the current study, a positive relationship was observed between the number of stress-related items and BMI.
The stress-related items also predicted loss to follow-up.

CONCLUSIONS

The CHIP study shows that a community based lifestyle
change program improves most cardiovascular disease risk
factors. For many adults, community based programs may
be the only avenue available to help them adopt and maintain healthy behaviors. For many of those who are willing
to participate, improvements in health risks can persist for
a year and beyond. However, those who begin with poorer cardiovascular health and higher emotional stress are
less likely to remain in the CHIP. In addition, those who
failed to improve their cardiovascular risk after the initial four weeks of the intervention were signiﬁcantly more
likely to be lost to follow-up after one year. Future studies
should address ways to improve participation and decrease
loss to follow-up among individuals in community lifestyle
change programs with poorer cardiovascular health and
greater emotional stress. Ways to retain those who fail to
show improvements during the initial period of the study
also needs consideration.
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