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Abstract Dietary habits are widely reported to play a

primary role in the occurrence of coronary artery disease

(CAD). Cardiac rehabilitation is a multidisciplinary inter-

vention that includes nutritional education. Proper nutrition

plays an important role in cardiovascular health outcomes

and in decreasing morbidity and mortality of cardiovas-

cular diseases (CVD) as highlighted in the literature. The

aim of this study was to assess the efficacy of an educa-

tional program to improve the diet of cardiac rehabilitation

patients compared to usual treatment. 160 patients with

CAD, (124 M, 36 F) were randomized into two groups.

Data analysis was conducted on 133 patients (11 % drop-

ped out). All enrolled patients attended two educational

seminars about proper nutrition and cardiovascular pre-

vention, and completed a questionnaire about dietary habits

(before CAD). The Body Mass Index (BMI) was calcu-

lated, and basal glycaemia and plasma lipids were assessed

at the beginning and at the end of the study (12 months

after hospital discharge). The intervention group patients

underwent a mid-term evaluation of nutrient intakes, BMI,

and received a personalized educational reinforcement by a

dietitian. At the end of the study, the intervention group

was shown to have significantly reduced their daily caloric

intake (reduction of total proteins, total fat, carbohydrate,

alcohol), and showed a significant reduction of weight and

BMI compared to the control group. Individual nutritional

counseling session as a reinforcement of a standard

educational program is effective in reducing caloric intake

and BMI, which may reduce cardiovascular risk factors in

cardiovascular patients.
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Introduction

Cardiovascular disease is one of the most common causes

of death in both men and women who live in Western

countries, and leads to increased healthcare costs [1]. Ac-

cording the World Health Organization (WHO), the major

risk factors of cardiovascular disease are (in rank order)

smoking, hypertension, high cholesterol levels, physical

inactivity, obesity and diabetes mellitus.

Importantly, several of these risk factors can be ame-

liorated through lifestyle modification that incorporates a

healthy diet [2–4].

A number of studies have demonstrated the protective

effect of the Mediterranean diet, which includes the fol-

lowing dietary factors: high intakes of locally grown, fresh

and seasonal fruits (including nuts but not peanuts), and

vegetables (except potatoes, corn and green peas, consid-

ered starchy vegetables), whole cereals, legumes, fish, low-

fat dairy products, olive oil, a moderate consumption of red

wine, minimal consumption of full-fat dairy products,

processed foods rich in sodium, sugar and saturated fatty

acids [2].
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The WHO has defined Cardiac Rehabilitation as the

‘‘sum of activity and interventions required to ensure the

best possible physical, mental, and social conditions so

that patients with chronic or post-acute cardiovascular

disease may, by their own efforts, preserve or resume

their proper place in society and lead an active life’’

[5, 6].

Nutritional education is an essential component of a

cardiac rehabilitation program, and plays an important role

in the prevention and management of obesity, dyslipi-

demias, hypertension and diabetes mellitus [7].

‘‘In the usual care setting, compliance with lifestyle

recommendations and treatment regimens starts to decline

within 6 months after discharge from the hospital. Adher-

ence to behavioral advice (diet, exercise and smoking

cessation), after an acute coronary syndrome, is associated

with a substantially lower risk of recurrent cardiovascular

events compared with non adherence’’ [2].

Patients with cardiovascular disease after hospital dis-

charge often return to physically inactive lives and an un-

healthy diet. This happens because lifestyle modifications

are difficult to maintain in adult patients. Because of the

high rate of relapse to unhealthy lifestyles, patients at high

risk of cardiovascular disease may benefit from continued

support and education for important diet and behavioral

modifications [8, 9].

The aim of the study was to assess the effectiveness of a

nutritional education intervention program at 6 months of

discharge compared with the usual educational program

adopted at the Don Carlo Gnocchi Foundation of Florence,

Cardiac Rehabilitation Unit for patients affected by coro-

nary artery disease (CAD).

Materials and methods

Study design and patient population

After admission to the Cardiac Rehabilitation Unit of Don

Carlo Gnocchi Foundation of Florence, patients diagnosed

with CAD were recruited and randomized to either the

intervention group (IG) or the control group (CG).

Both the IG and the CG performed a rehabilitation

program that consisted of two one-hour sessions per day of

physical exercise for 5 days a week as described in articles

published by our working group, a psychosocial interven-

tion and a nutritional counseling [10, 11].

Patients with dementia, severe cognitive impairment and

neurological limitations were not included in the study.

Prior to hospitalization, none of the recruited patients

participated in a weight-loss program.

All participants were informed of the purpose of the

study, and were provided written informed consent.

During hospitalization, all patients attended two one-

hour nutritional education meetings. The first meeting

was led by a dietitian, and focused on basic dietary in-

formation (nutritional classification of carbohydrates,

lipids and proteins and an explanation of their different

metabolic functions.) The second meeting was led by an

endocrinologist, and focused on European Guidelines on

healthy nutrition in cardiovascular diseases prevention

[12]. In addition, all patients participated in a multidis-

ciplinary educational meeting (physician, dietitian, psy-

chologist and physiotherapist) where modifiable and non-

modifiable risk factors for cardiovascular diseases were

explained.

At admission, study participants submitted anthropo-

metric and dietetic assessments. Dietary habits were gath-

ered by the Indali validated questionnaire, and an

evaluation of anthropometric (height, weight, waist cir-

cumference and BMI), and biochemical (glycemia, total

cholesterol, HDL cholesterol, LDL cholesterol and

triglycerides) parameters were performed [13]. This

assessment was repeated at a 12-month follow-up.

Intervention group patients returned to the Dietetic

Service 6 months after discharge, at which time a dietitian

evaluated their diet and anthropometric data. Following the

dietitian’s evaluation, each patient received an individual

diet counseling session with a review of dietary habits and

goals [9].

Anthropometric measures

Height was measured on a wall-mounted stadiometer, and

weight was measured on a leveled platform scale.

Waist circumference was measured in the mid-point

between the 12th rib and the iliac crest.

BMI was calculated as [weight (Kg)]/[height (m)]2.

Eating habits

Food behavior was evaluated by a validated Indali ques-

tionnaire to determine the intake of various nutrients. The

survey items reported the quantities and frequency of food

consumption (cereals, vegetables and fruit, beans, fish,

poultry, dairy products, milk, fats and oils, eggs, meat,

sweets, salt, alcohol and other beverages) [13].

Biochemical essays

The participants were checked at our reference laboratory,

the San Lorenzo Institute. Blood samples were collected in

the morning after a night fast. Concentrations of plasma

fasting glucose, total cholesterol, HDL cholesterol and

serum triglycerides were determined using commercial kits

(Glucose-Beckman-Coulter, Cholesterol-Beckman-
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Coulter, HDL-Sentinel Diagnostic and TR-Beckman-

Coulter) on an automated analyzer (DXC-600, Beckman-

Coulter). LDL cholesterol was calculated by use of the

Friedewald formula: [LDL cholesterol] = [Total choles-

terol] - [HDL cholesterol] - [triglycerides]/5, where all

concentrations are given in mg/dl.

Statistical analysis

After the first phase of data management and the evaluation

of all values, the analysis of demographic variables, clin-

ical data, biochemical parameters and nutrients significant

to the study were performed by the statistical software

package for social sciences, SPSS version 10 (SPSS Inc.

2003, Chicago, IL, USA).

The following were performed for the continuous vari-

ables: mean ± standard deviation (SD), median, values

range, minimal and maximum value/mean ± standard de-

viation (SD), median, values range and minimum and

maximum value. For the categorical variables relative (%)

and absolute frequencies were performed.

A T test was performed (on independent and paired

samples,) to test the differences within intervention group

and control group first at baseline and then at follow-up.

A Chi square test was performed on all patients to evaluate

possible links between clinical asset (metabolic diseases

and cardiovascular diseases) gender, education and inter-

vention-control group at baseline and follow-up.

Study hypotheses were tested at the 0.05 statistical

significance level for the two-tailed test.

Results

A total of 160 patients (124 men and 36 women) were

recruited into the study. The drop-out rate was 11 % (7

patients died and 20 patients voluntarily left the study),

leaving 133 patients (99 men and 34 women), available for

final analysis. A total of 67 were randomized to the

intervention group (IG) while 66 were placed into the

control group (CG). Table 1 outlines the demographics and

clinical characteristics of the study population; the groups

were generally similar however participants in the IG were

more likely to be obese and have diabetes mellitus, and less

likely to have dyslipidemia. Table 2 reveals no significant

differences between the groups at baseline and at 12-month

follow-up with regard to weight, BMI, waist circumfer-

ence, glucose, cholesterol (total, HDL and LDL) and

triglycerides.

Compared with baseline, the IG had a significant re-

duction in weight (P = 0.001) and BMI (P = 0.001) and a

significant increase in total serum cholesterol (P = 0.001),

HDL (P = 0.001) and fasting glucose (P = 0.042).

The CG had a significant increase in waist circumfer-

ence (P = 0.008), total serum cholesterol (P = 0.001),

HDL (P = 0.001) and LDL (P = 0.025). At 1-year follow-

up, there were significant differences between the two

groups with respect to diet, revealing a significant reduc-

tion in nutrients and caloric intake in the IG (Table 3).

Specifically, there were significant reductions in calories

(P = 0.001) in the IG versus the CG particularly in total

and animal proteins intake (P = 0.012 and P = 0.011,

respectively), saturated and monounsaturated fat intake

(P = 0.001 and P = 0.001, respectively), and in soluble

and available carbohydrate intake (P = 0.007 and

P = 0.009, respectively).

Compared to baseline, the IG reduced calories

(2,218 kcal/day at baseline vs. 1,727 kcal/day at follow-up,

P = 0.001) and alcohol intake (18.66 vs. 11 g, P = 0.012).

The IG also reduced all nutrients: total proteins

(P = 0.001), animal proteins (P = 0.027), total fat

(P = 0.001), saturated fat (P = 0.001), monounsaturated

fat (P = 0.001), soluble carbohydrate (P = 0.001) and

available carbohydrate (P = 0.016) (Table 3) compared to

baseline levels.

There were no significant differences for folic acid at

baseline and at 12-month follow-up within each group and

between groups.

Table 1 Demographics and

clinical characteristics of the

study population

* From Pearson ‘‘v2’’ test

Characteristics CG (n = 66) IG (n = 67) Between-group

comparisons at

baseline P*

Age (years) 68.9 ± 9.3 68.9 ± 10.33

Gender (male/female) 47 M ? 19 F 52 M ? 15 F

Hypertension 69 % 59 % 0.228

Diabetes 33 % 35 % 0.763

Obesity 22.7 % 38.8 % 0.045

Hypercholesterolemia 12 % 17 % 0.350

Hypertriglyceridemia 1.5 % 0 % 0.312

Dyslipidemia 42 % 23 % 0.023
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Discussion

Our study was designed to test the effectiveness of an

educational program to improve dietary habits in patients

with cardiovascular disease compared to the usual treatment.

At 6 months after hospital admission, patients in the IG

attended individual diet counseling sessions focused on

nutritional goals. At the 12-month follow-up, patients in

the IG showed better nutritional habits (more adherent to

the Mediterranean diet), and lower BMI compared to

Table 2 Changes in anthropometric and biochemical parameters at baseline and at 12-month follow-up for the IG and CG

Characteristics CG IG Between-

group

comparisons

(baseline)

Between-group

comparisons

(follow up

12 months)

Intra-group

comparisons

CG IG

Baseline Follow-up

12 months

Baseline Follow-up

12 months

p* p* p** p**

Bodyweight (kg) 77.56 ± 13.28 76.33 ± 12.27 79.29 ± 13.62 76.66 ± 12.7 0.462 0.878 0.052 0.001

BMI (kg/m2) 27.5 ± 4.20 27.11 ± 3.93 28.73 ± 4.05 27.82 ± 3.97 0.094 0.301 0.074 0.001

Waist

circumference (cm)

97.83 ± 11.96 99.98 ± 10.9 100.1 ± 11.0 100.5 ± 10.5 0.286 0.800 0.008 0.615

Fasting glucose

(mg/dl)

118.3 ± 37.62 106.0 ± 34.3 109.2 ± 31.9 122.6 ± 52.5 0.253 0.071 0.855 0.042

Total cholesterol

(mg/dl)

149.0 ± 35.9 178.1 ± 48.2 151.5 ± 35.6 177.1 ± 49.5 0.705 0.920 0.001 0.001

HDL cholesterol

(mg/dl)

34.69 ± 8.21 47.8 ± 12.3 35.0 ± 8.49 47.3 ± 13.8 0.824 0.842 0.001 0.001

LDL cholesterol

(mg/dl)

87.3 ± 29.8 100.7 ± 38 87.3 ± 31.7 98.2 ± 43.4 0.997 0.759 0.025 0.075

Triglycerides (mg/dl) 135.3 ± 79.4 167.2 ± 247.2 132.9 ± 61.98 140.0 ± 92.4 0.857 0.464 0.400 0.265

* From Student ‘‘t’’ test for independent samples

** From paired Student ‘‘t’’ test

Table 3 Energy and nutrients intake at baseline and at 12 months follow-up for the IG and CG

Characteristics CG IG Between-

group

comparisons

(baseline)

Between-

group

comparisons

(follow up

12 months)

Intra-group

comparisons

CG IG

Baseline Follow-up

12 months

Baseline Follow-up

12 months

p* p* p** p**

Total proteins (g) 76.89 ± 17.7 76.3 ± 17.6 78.3 ± 22.8 68.7 ± 16.4 0.683 0.012 0.767 0.001

Animal

proteins (g)

43.31 ± 13.4 42.9 ± 13.0 41.5 ± 14.3 37.6 ± 10.5 0.466 0.011 0.827 0.027

Total fat (g) 74.3 ± 25.4 73.9 ± 15.9 79.6 ± 22.0 55.8 ± 19.8 0.205 0.001 0.904 0.001

Saturated fat (g) 20.7 ± 7.3 20.3 ± 5.6 21.8 ± 7.8 15.7 ± 7,6 0.409 0.001 0.674 0.001

Monounsaturated

fat (g)

39.0 ± 14.2 39.5 ± 9.9 42.0 ± 13.3 28.2 ± 11.7 0.200 0.001 0.802 0.001

Soluble

carbohydrate (g)

270.2 ± 82.2 272.1 ± 93.4 280.3 ± 83.2 230.5 ± 80.8 0.484 0.007 0.836 0.001

Available

carbohydrate (g)

72.1 ± 41.7 78.3 ± 33.6 74.8 ± 29.0 63.7 ± 25.9 0.670 0.009 0.133 0.016

Energy (Kcal) 2112.58 ± 509.5 2117.0 ± 502.8 2218.03 ± 567.0 1726.8 ± 495.5 0.262 0.001 0.926 0.001

Folic acid (g) 383.6 ± 183,7 408.3 ± 187,7 420.56 ± 214.3 456.24 ± 200.9 0.289 0.158 0.314 0.189

Alcohol (g) 16.76 ± 22.98 16.94 ± 24.82 18.66 ± 24.05 11.49 ± 16.85 0.642 0.141 0.940 0.012

* From Student ‘‘t’’ test for independent samples

** From paired Student ‘‘t’’ test
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patients in the CG. The IG had significant improvement at

follow-up in terms of nutrient intake and reduction of

calories/day and alcohol intake. The reduction of mo-

nounsaturated fat intake in the IG at follow-up is related to

the reduction of total lipid intake. Furthermore, the mo-

nounsaturated fatty acid percentage of total energy is

similar in both groups at baseline and follow-up, and re-

flects the ATP III and the EHN recommendations [12, 14].

Our hypothesis was, therefore, confirmed as the IG’s

dietary habits revealed improvement with a corresponding

reduction of weight and BMI.

However, we also found a statistically significant

worsening of some biochemical values—fasting glucose,

total cholesterol and LDL cholesterol in the IG. We ob-

served an HDL cholesterol increase at follow-up in both

IG and CG, but triglycerides did not show any statisti-

cally significant differences between the two groups at

follow-up. The worsening laboratory values in the IG

may have been related to a known decline in compliance

with pharmacological therapy after hospital discharge as

described in literature [2, 15]. Our study design focused

on nutritional habits, and not on pharmacological therapy.

We will consider this important parameter in a future

protocol. Our study has several limitations: one is the

small number of individual diet counseling sessions that

have demonstrated to be one of the most effective ways

to help the patients in maintaining healthy dietary habits;

the other important limitation is that we could not eval-

uate the link between drug therapy and biochemical data

[16].

A recent study suggests that behavioral goals are

easier to attain than biochemical targets likely because

patient behavior can be self-monitored [17]. The success

of our educational intervention might be attributed to the

patients’ ability to acquire the skills and strategies to

attain individualized behavioral goals during the 6-month

intervention. While the role of proper nutrition in

achieving and maintaining optimal health is widely rec-

ognized, further research is necessary to develop nutrition

protocols to improve patient compliance and health sta-

tus, and thereby improve cardiovascular disease preven-

tion. The scientific community needs to give it proper

attention through the formulation of a formal protocol,

followed and recognized by physicians, dietitians and

patients.
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