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Abstract
Background: Metabolic syndrome is associated with increased risk of cardiovascular events disease and type 2 diabetes. 
Treatment includes modifications on life style, diet and physical activity. Treatment adherence plays a crucial role in the 
successful treatment of this disease.

Objective: To evaluate two models of dietary intervention, and the relationship with adherence to treatment and impact 
on clinical improvement of patients with metabolic syndrome.

Methods: Randomized clinical trial, lasting four months. Participants were randomized assigned to the intervention or 
control group. Both groups were instructed to follow a diet for 4 months. Subjects in the intervention group additionally 
received an intervention package, with metabolic syndrome manual book, telephone counseling and nutrition education 
leaflets. In both groups nutritional anamnesis, anthropometric assessment, dietary assessment, individualized dietary 
and biochemical tests were done.

Results: Patients who arrived more motivated were those who has the greatest reduction in the values of body mass 
index, which decreased from 31.7 kg/m² (SD ± 3.9) to 30.9 kg/m² (SD ± 3.8), reduction in waist circumference was 
108.1 cm (SD ± 9.8) to 105.9 cm (SD ± 9.5). The statistically significant associations were in the correlation between 
body mass index, blood glucose and triglycerides, reducing the consumption of whole milk, increased consumption of 
whole grains and skimmed milk and between the increase in vegetable intake and reducing triglycerides.

Conclusion: Both groups showed significant improvement in all clinical parameters that was significantly associated 
with the previous motivation. Patients who arrived more motivated were those who responded better to treatment. (Arq 
Bras Cardiol 2011; 97(3) : 217-224)
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Introduction
The prevalence of metabolic syndrome (MS) has been 

increasing worldwide in recent decades1. Data from the 
National Cholesterol Education Program Adult Treatment 
Panel III (NCEP-ATP III)2 show that 60% of women and 
45% of American men are diagnosed with MS. In Brazil, 
research findings have observed similar patterns in which 
data showed variations of 48% to 87% of individuals with 
MS3-6. One reason for the significant increase of MS in the 
population is the association of MS with obesity and type 2 
diabetes mellitus (T2DM)7,8. 

MS represents a set of risk factors of metabolic origin, 
which promote the development of cardiovascular diseases 
and T2DM9. Treatment includes a combination of changes 
in lifestyle, with dietary intervention, regular physical 

activity and use of medicines10. Weight loss resulting from 
the modification of lifestyle, including physical exercise, 
is extremely important11. Adherence to treatment plays 
a crucial role in the successful treatment of MS. It is a 
multifactorial process that is established through partnership 
between the health professional and the patient, and covers 
aspects that include frequency of health care, recognition, 
acceptance and adaptation of their health condition, 
identification of risk habits, attitudes that promote quality 
of life, development of awareness for self-care and 
maintenance of health12. Chronic patients have lower 
adherence to treatment, since the treatment regimens are 
often complex and require great commitment from the 
patient, and should be followed continuously13. Treatment 
of patients with chronic illness should have as its central 
axis the provision of tools to control the disease, favoring 
the adaptation to this condition12.

In scientific literature, there are few studies related to 
adherence to dietary treatment with clinical improvement 
in patients with MS. This study aims to evaluate two models 
of dietary intervention and the relationship with adherence 
to treatment and clinical improvement in patients with MS. 
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Methods 
This randomized clinical trial was attended by 80 individuals 

selected through two sources: a) public call on newspaper of 
general circulation in Porto Alegre (RS); b) patients linked to the 
Cardiometabolic Diseases Clinic of Hospital São Lucas, PUCRS, 
a tertiary hospital in Porto Alegre. It included individuals of both 
sexes, aged 18 years or older, diagnosed with MS, according to 
the diagnostic criteria adopted by the NCEP-ATP III, who agreed 
to participate in the research before signing the informed consent 
(IC). The NCEP-ATP III criteria for the diagnosis of MS include 
the association of three or more of the following components: 
waist circumference for men: > 102 cm and women: > 88 
cm; triglycerides ≥ 150 mg/dl; HDL for men: < 40 mg/dl and 
women: < 50 mg/dl; systolic blood pressure ≥ 130 mmHg or 
diastolic pressure ≥ 85 mmHg, and fasting glucose ≥ 110 mg/dl. 

The sample size required to estimate an association 
between adherence to treatment and clinical improvement 
in patients with metabolic syndrome using a power of 80%, a 
significance level of 5% was 80 patients. The sample size was 
defined with the aid of the program WinPepi.

Evaluation of patients followed a standardized protocol. 
Monitoring lasted four months, with monthly visits totaling 

four sessions. Patients were randomized into two groups: 
intervention group (IG) and control group (CG). The 
randomization scheme was done through the web site 
http://www.randomization.com14, by a physician not directly 
involved with the trial. The randomization list was kept in 
a manila envelope, with a person standing outside of the 
visiting room. The definition of the group was informed 
by the researcher only after inclusion, at the time of 
implementing the intervention. The CG received standard 
individual diet and guidelines for MS. The IG received 
an individual standard diet and a “Manual of Nutritional 
Guidelines for Patients with Metabolic Syndrome”, 
containing nutritional advice about healthy eating, T2DM, 
hypertension (HTN), dyslipidemia, table for blood pressure 
and weight control, a field to write down their questions 
regarding the treatment and schedule of return visits. In 
addition, participants in the IG had a telephone number 
to call when necessary, if they had any questions between 
the visits. All GI patients received a telephone call from the 
researchers fifteen days after the medical visit for nutritional 
counseling. At each return visit, IG patients were given a 
different printed material about nutrition guidelines. The 
randomization diagram is described in Figure 1.

Figure 1 - Randomization diagram.
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All patients underwent clinical and nutritional anamnesis, 
anthropometric measurements, dietary assessment, 
individualized dietary guidance, biochemical examinations. 
The clinical-nutritional anamnesis included personal data, 
history of past and present diseases, smoking, alcohol 
consumption, physical activity, bowel habits and current 
medication. Anthropometric assessment was performed by 
measuring weight (kg) and height (m), waist circumference 
(WC), hip circumference (HC) and neck circumference (NC). 
Body Mass Index (BMI) and waist-hip ratio (WHR) were 
calculated and ranked, and WA and NC were classified. 
Measurements of weight and height were performed on 
Filizola anthropometric scale, Personal Digital model with a 
maximum capacity for 180 kg and a minimum of 2 kg with 
graduation at each 100 g, and a rule for heights up to 192 cm. 
The patients were weighed without shoes, with light clothes. 
Height was measured with the patient standing in the center 
of the scale, erect and motionless, with arms outstretched 
over the body, head up, looking to a fixed point at eye level. 
The shoulders, buttocks and heels remained against the 
anthropometric ruler. Measurement was taken in centimeters 
with the measurement instrument showing scale variation in 
millimeters. BMI was calculated as the ratio of weight (kg)/
height2 (m)15,16 and ranked according to the reference values 
established by the WHO in 199815. The measurement of WC 
was performed with the patient standing with inextensible 
and inelastic tape at the end of expiration, measured in the 
abdominal region surrounding the midpoint of the distance 
between the iliac crest and inferior coastal edge17. The 
cutoff point is 102 cm for men and 88 cm for women16-19. 
Hip circumference was measured with the patient standing, 
circling the hips at the largest circumference at the height of 
the buttocks, through the pubic symphysis, parallel to the 
floor. WHR was calculated by dividing the waist measurement 
by the hip measurement. The cut-off points indicative of risk 
for cardiovascular diseases are ≥ 0.8 for women and ≥ 1.0 
for men18. The NC was measured with the patient standing, 
around the neck with an inelastic tape at the midpoint of 
the neck at the level of cricothyroid muscle20 between the 
midpoint of the neck to mid-anterior neck. In men with 
laryngeal prominence, the measurement was made below the 
prominence. The values for the cutoff point used were ≤ 37 
cm for men and ≤ 34 cm for women. Biochemical assessment 
consisted of lipid profile (triglycerides (TG), total cholesterol 
(TC), HDL cholesterol and LDL cholesterol), glucose, uric 
acid and ultrasensitive C-reactive protein (usCRP). TC, HDL, 
TG, glucose and uric acid were determined in the clinical 
laboratory of Hospital São Lucas, PUCRS, in a Vitros Fusion 
Johnson autoanalyzer using Johnson & Johnson kits and dry 
chemistry methodology. The determination of LDL-C to 
serum TG below 400 mg/dl was obtained by the Friedewald 
equation: LDL-c = CT - HDL-c - TG/521. Acceptable values for 
lipids, glucose and uric acid were: total cholesterol up to 200 
mg/dl, HDLc > 40 mg/dl, triglycerides < 150 mg/dl, LDLc < 
100 mg/dl, glucose up to 110 mg/dl and uric acid up to 6.0 
mg/dl for women and up to 7.0 mg/dl for men21. US usCRP 
was measured in the Immunology Laboratory, Hospital São 
Lucas, PUC and the results were evaluated according to the 
criteria of the American Heart Association (AHA), the same 
ones adopted by Hospital São Lucas, PUCRS, where: < 1.0 

mg/l is considered low cardiovascular risk; between 1 and 3 
mg/l, medium risk and > 3 mg/l, high cardiovascular risk22.

To identify dietary habits, a 24-hour recall survey was 
conducted (24HR). The dietary guidelines were drawn up 
following the recommendations of the First Brazilian Guideline 
for Diagnosis and Treatment of Metabolic Syndrome (IDBSM)18. 

The statistical treatment of data was done using the 
Program SPSS version 17.0. For analysis of categorical variables 
between groups, we used the chi-square test of Pearson, and 
to compare the means, Student’s t test. For comparison of 
biochemical parameters between groups analysis of variance 
(ANOVA) was used for repeated two-way measures (group 
and time), and for multiple comparisons, the Bonferroni test. 
To complement this analysis, we applied the Student t test 
for independent samples and ANOVA for repeated one-way 
measures. In the parameters assessed at only two instances, 
we applied the Student’s t test for paired samples. To compare 
bowel habits, fluid intake and physical activity before and after 
the intervention, by group, we used McNemar’s chi-square 
test. In the evaluation of dietary consumption variables, 
non-parametric tests were applied. We used Wilcoxon’s tests 
for intragroup comparison and Mann-Whitney’s tests for 
intergroup comparison. In evaluating the associations between 
quantitative variables we used Pearson’s linear correlation 
tests (symmetric distribution) or Spearman’s (asymmetric 
distribution). The level of significance was 5% (p ≤ 0.05).

This study was approved by the Ethics in Research of 
Pontifícia Universidade Católica, Rio Grande do Sul. The study 
involved no risk for patients and procedures were in accordance 
with the national and international guidelines for research 
involving humans, in keeping with the Declaration of Helsinki.

Results 
The sample comprised 80 individuals with a mean age of 

58.5 years (SD ± 8.5) in the Intervention Group and 57.9 
years (SD ± 8.41) in the Control Group. In both groups, 
most participants were female, and 27 women (69.2%) 
in the Intervention Group and 30 women (73.2%) in the 
Control Group. Table 1 describes the sample studied and the 
distribution of the prevalence of components of metabolic 
syndrome according to NCEP-ATP III criteria, showing that the 
groups are homogeneous in these characteristics, as well as the 
distribution of prevalence of metabolic syndrome components.

Regarding the initial motivation of patients, we can observe 
that both groups were highly motivated in the first visit according 
to the data shown in Table 2. When we compare the initial 
motivation with the final result of BMI, we observe that patients 
who were more motivated were those who had greater reduction 
in BMI (p < 0.001) in both groups, as shown in Table 3. 

In all parameters used for anthropometric assessment 
(weight, BMI, WC, WHR and NC) there was a significant 
difference over time regardless of group, for BMI and WC. 
Anthropometric measurement and laboratory test data are 
described in Table 4.

When we compare the variables of meal frequency, dietary 
intake of fruits, vegetables, whole milk, skim milk, whole grains 
and beans at the beginning and end of the intervention, we 
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Table 1 - Sample characteristics and distribution of prevalence of metabolic syndrome components according to NCEP-ATP III criteria

Variables Intervention group
n (%)

Control group
n (%)

General 
n (%) p ‡

Age* 58.5 ± 8.5 57.9 ± 8.41 0.727

Sex

Male 12 (30.8) 11 (26.8)
57 (71.25) 0.887

Female 27 (69.2) 30 (73.2)

Smoking

Smoker 3 (7.7) 6 (14.6)
71 (88.75) 0.483

Non-smoker 36 (92.3) 35 (85.4)

Alcoholic beverages †

Yes 9 (23.1) 3 (7.3)
68 (85) 0.097

No 30 (76.9) 38 (92.7)

Use of hypoglycemic agents

Yes 24 (61.5) 23 (56.1)
47 (58.75) 0.790

No 15 (38.5) 18 (43.9)

Use of lipid-lowering agents

Yes 25 (64.1) 24 (58.5)
49 (61.25) 0.779

No 14 (35.9) 17 (41.5)

Use of antihypertensive agents

Yes 32 (82.1) 38 (92.7)
70 (87.5) 0.188

No 7 (17.9) 3 (7.3)

Low HDL

Yes 21 (53.8) 20 (48.8)
41 (51.25) 0.819

No 18 (46.2) 21 (51.2)

High TG

Yes 28 (71.8) 35 (85.4)
66 (82.5) 0.226

No 11 (28.2) 6 (14.6)

Hyperglycemia

Yes 29 (74.4) 32 (78)
61 (76.25) 0.901

No 10 (24.6) 9 (22)

DM

Yes 27 (69.2) 26 (63.4)
53 (66.25) 0.754

No 12 (30.8) 15 (36.6)

HBP

Yes 34 (87.2) 40 (97.6)
74 (92.5) 0.104

No 5 (12.8) 1 (2.4)

Increased HC

Yes 39 (100) 38 (92.7)
77 (96.25) 0.241

No 3 (7.3)

* described as mean ± standard deviation; † Any amount ingested during the day was considered affirmative; ‡ Student’s t test (age) or Pearson’s chi-square (other 
variables). DM: diabetes mellitus; HAS: hipertensive blood pressure; TG – Triglycerides; HC - Hip circumference.

observe that in the intervention group there was a statistically 
significant reduction in consumption of whole milk (p = 
0.002) and increased consumption of whole grains (p = 
0.008), whereas in the Control Group there was a statistically 

significant reduction in the consumption of whole milk (p = 
0.005), increased consumption of skim milk (p = 0.010) and 
increased consumption of whole grains (p = 0.027), according 
to data reported in Table 5. 
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Table 4 - Comparison of anthropometric measurements and laboratory findings between the beginning and end of the intervention

Variables 
Intervention group Control group

1st examination
M ± SD

Final examination
M ± SD p* 1st examination

M ± SD
Final examination

M ± SD p*

Weight (kg) 82.7 ± 12.5b 81.5 ± 12.8 a 0.012 81.3 ± 14 c 79.4 ± 14.2 a <0.001

BMI (kg/m²) 32.9 ± 3.4 b 32.3 ± 3.6 a 0.009 31.7 ± 3.9 c 30.9 ± 3.8 a <0.001

WC (cm) 109.4 ± 8.6 b 107.9 ± 9 a 0.017 108.1 ± 9.8 c 105.9 ± 9.5 a 0.001

WHR 0.91 ± 0.07 0.92 ± 0.07 0.561 0.93 ± 0.08 0.92 ± 0.07 0.131

NC (cm) 40.6 ± 3.9 40.1 ± 3.8 0.242 39.6 ± 4 39.2 ± 3.8 0.096

Blood glucose (mg/dl) 144 ± 61 128.2 ± 48.2 0.061 143.7± 66.2 123.5 ± 47.1 0.012

Triglycerides (mg/dl) 189.9 ± 81.6 169.9 ± 76 0.023 196 ± 85.3 163.9 ± 70.4 0.004

Total cholesterol (mg/dl) 218.5 ± 52.1 201.9 ± 48.8 0.011 202.3 ± 43.4 192.3 ± 40.9 0.037

HDL (mg/dl) 47.1 ± 11.5 46.4 ± 10.9 0.442 44.2 ± 10.1 44.4 ± 10.1 0.792

LDL (mg/dl) 133.4 ± 47.3 123.9 ± 49.6 0.079 119 ± 40 115.1 ± 34.2 0.357

Uric acid (mg/dl) 5.72 ± 1.37 5.89 ± 1.86 0.079 5.52 ± 1.75 5.30 ± 1.41 0.257

usCRP (mg/dl)† 0.43(0.21-0.73) 0.32 (0.17-0.61) 0.051 0.40(0.16-0.83) 0.28 (0.12-0.86) 0.42
* Student’s t-test for paired samples; † described by median (p25-p75); BMI - Body Mass Índex ; WC - Waist circumference; WHR - Waist-hip ratio; NC - Neck circumference; 
usCRP - Ultrasensitive C-reactive protein; SD - Standard deviations.

Table 5 - Comparison of dietary pattern between the beginning and end of the intervention

Variables 
Intervention group Control group

Beginning
md (p25-p75)

End
md (p25-p75) p* Beginning

md (p25-p75)
End

md (p25-p75) p*

Meal frequency 5 (4-5) 5 (4-5) 0.953 5 (4-5.5) 5 (5-6) 0.052

Fruit consumption 2 (1-3) 2 (1-3) 0.274 1 (0-2) 2 (1-2) 0.082

Vegetable consumption 1 (1-2) 1 (1-2) 0.197 1 (1-2) 1 (1-2) 0.373

Consumption of whole milk 1 (0-1) 0 (0-0) 0.002 1 (0-2) 0 (0-1) 0.005

Skimmed milk consumption 1 (0-2) 2 (0-2) 0.167 0 (0-2) 1 (0-2) 0.010

Consumption of whole grains 0 (0-2) 1 (0-2) 0.008 0 (0-1) 1 (0-2) 0.027

Consumption of beans 1 (1-1) 1 (0-1) 0.074 1 (1-1) 1 (0-1) 0.157

* Wilcoxon test.

Table 2 - Motivation of patients according to researcher’s 
impression at the beginning of treatment

Motivation
Intervention 

group
n (%)

Control group
n (%) p*

Motivated 26 (66.7) 30 (73.2) 0.696

Not motivated 13 (33.3) 11 (26.8)

*Pearson’s chi-square test.

Table 3 - Comparison between the initial motivation and body mass 
index at the beginning and the end of the intervention

Variables 

BMI (kg/m²)
Intervention 

group
Beginning End 

m (±SD)

p*

BMI (kg/m²)
Control group

Beginning 
End 

m (±SD)

p*

Motivated 32.2 (±3.6)
31.4 (±3.6) <0.001 31.7 (±3.8)

30.7 (±3.9) <0.001

Not 
motivated 

34.1 (±2.7)
34.2 (±2.8) 0.676 31.6 (±4.1)

31.6 (±3.9) 0.939

* Student’s t-test; BMI - Body Mass Índex.

Discussion 
In this randomized trial, we observed a significant 

improvement of several clinical parameters in both groups. 
The improvement was significantly associated with previous 
motivation. In our study, both groups were highly motivated 
in the first visit. 

When we compare the initial motivation of participants, 
with the final results of BMI, we observe that those 

individuals who were more motivated in the first visit 
were those with a greater reduction in BMI in both groups. 
Therefore, previous motivation and a lifestyle conducive to 
change is an independent factor for treatment adherence 
and achievement of the goals set23.
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Patients undergoing nutritional interventions, both 
in the short and long term, often have poor adherence 
to nutritional treatment24-26. The reasons that have led 
individuals to give up studies are often unknown, but 
may be presumed from the disappearance of some of the 
symptoms that led them to seek professional guidance 
leading to a feeling of no need to go to further visits, lack 
of time to participate in the program, dissatisfaction and 
disaffection with the research proposal, personal, family 
and health problems25,27 to the type of strategy used26. 
Guimarães et al25 found that irrespective of the nutritional 
counseling that offered, which can be group treatments 
or individual visits, the change in eating habits is still very 
limited. 

It is well established in the scientific literature that 
obesity is associated with increased prevalence and severity 
of cardiovascular risk factors19. Adipose tissue, especially 
that which is deposited in the abdominal region, is a 
potent mediator of pro-inflammatory and pro-thrombosis 
state19; therefore, weight loss is the primary goal to prevent 
complications related to MS. 

Dagenais et al28 compared the use of BMI, WC and WHR 
in eight thousand individuals as for the risk of cardiovascular 
events, and the stronger associations were with measures 
WC and WHR. Likewise, in a multicenter study conducted 
in 52 countries, measures more associated with myocardial 
infarction were WA and WHR29. 

In laboratory tests performed, blood glucose, triglycerides, 
total cholesterol, HDL, LDL, uric acid and usCRP, there was 
a reduction of the values between the first and the fourth 
visit. The variables of weight, BMI, WC and triglycerides had 
significant values for time p, and the variables that tended 
to time p were TC, blood glucose, NC and LDL. 

CRA has demonstrated an important role in the prognosis 
of heart diseases and is associated with cardiovascular 
morbidity30. usCRP has a higher prognostic value for cardiac 
events when compared to other risk markers31. Saijo et al32 
investigated the association between CRP concentrations, 
RI, anthropometric measures and atherosclerosis, and found 
a significant association of CRP with parameters of waist 
circumference32. 

In several studies, WC has been studied as a new 
predictor of obesity. Our findings corroborate the study 
by Ben-Noun et al33 who also found the same association 
in their sample. Yang et al34 found a positive association 
between BMI and WC, where WC ≥ 39 cm in men and 
≥ 35 cm in women was the best cutoff point to identify 
individuals with MS34. 

Individuals with MS are at high risk of developing 
type 2 diabetes mellitus and cardiovascular disease, but 
the influence of dietary modification in the metabolism 
of glucose and insulin in these individuals is extremely 
important. Insulin resistance is a central component of MS, 
and replacing consumption of refined cereals increases 
insulin secretion in these individuals, and thus can reduce 
the risk of glucose intolerance and development of T2DM35. 

Consumption of whole grains is associated with reduced 
risk of developing chronic diseases such as cancer, type 2 

diabetes mellitus, and cardiovascular diseases36. Individuals 
who consume diets rich in whole grains have low prevalence 
of MS36. Whole foods can provide protection against the 
effects of weight gain and maintenance of sensitivity to 
insulin36.

In the study by Berg et al37, who investigated the 
relationship of dietary patterns in individuals and the risk 
of developing cardiovascular diseases, the findings showed 
that those who consumed more frequently a dietary pattern 
characterized by an adequate intake of foods rich in fiber 
and low consumption of fatty and sugary food sources 
had lower levels of WHR and BMI than the others in the 
sample37. 

In our study, when we compare the variables of meal 
frequency, dietary intake of fruits, vegetables, whole milk, 
skim milk, whole grains and beans at the beginning and 
end of the intervention, we observe that in the intervention 
group there was a statistically significant association in 
reduction of whole milk consumption and increased 
consumption of whole grains, whereas in the Control Group 
there was a statistically significant association of reduction 
in whole milk consumption, increased consumption of skim 
milk and increased consumption of whole grains. 

Individuals with MS have difficulty in adhering to the 
diet proposed. Mirmirani et al38, after researching the 
eating habits of individuals with MS, found an association 
of disease with a high intake of fat, and dietary patterns 
considered little healthy38. 

In our results, we have found an inverse statistically 
significant association between increase in vegetable intake 
and reduction of triglycerides in the intervention group. 
Consuming a diet rich in vegetables and fruits is associated 
with a healthier metabolic profile, with low concentrations 
of TC and LDL, and reduced risk of developing diabetes 
and improved glycemic control and sensitivity to insulin38. 

In a well-designed survey conducted by Panagiotakos 
et al, which evaluated the association between eating 
habits and the prevalence of MS in Greek individuals, the 
researchers concluded that a dietary pattern that includes 
the consumption of whole grains, greens, vegetables, fruits 
and fish is associated with reduced clinical markers of MS, 
while the consumption of red meat and alcohol has shown 
an inverse association39.

Conclusions
In this study, we observed a significant improvement 

of several clinical, anthropometric and biochemical 
parameters in both groups. The improvement was 
significantly associated with previous motivation. In 
our study, both groups were highly motivated in the 
first visit. Analyzing the outcomes of this research we 
concluded that dietary counseling is a rich tool that is 
extremely important in the overall treatment of patients 
with metabolic syndrome. From the literature available, 
we confirmed that there are few studies that relate 
previous motivation, adherence to treatment and methods 
of nutritional intervention in patients with metabolic 
syndrome. We emphasize that further studies are needed 
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