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Summary

Background: Metabolic syndrome (MS) is characterized by a collection of risk factors that are associated with elevated
rates of cardiovascular events and the risk of developing heart failure (HF). In our field, the association of MS in stable
chronic HF patients has not been established.

Objective: To determine the prevalence of MS in relation to gender and HF type in patients treated at a Primary Care
Facility.

Methods: Between January 2005 and August 2006, 144 patients were included in a cross sectional study. An
echocardiogram, using the modified criteria of the EPICA study, was performed to determine whether or not the patient
had HF, and of which type. Statistical analysis was conducted using the software SAS™ System, version 6.04, and
statistical significance was established as 5%.

Results: MS was observed in 111 patients (77%), of which 73 (66%) were females: odds ratio (OR) 0.195 — (confidence
interval - Cl = 0.08 — 0.46) and p< 0.0001. HF was identified in 102 patients (71%) with a great correlation between
females and the presence of MS: 51 patients (65%); OR 0.116 (Cl = 0.36 — 0.37) and p < 0.0001. Among the HF
patients, 61 (42%) presented HF with preserved systolic function and 41 (29%) with systolic dysfunction; p= ns. HF with
preserved systolic function was associated with the presence of MS in 53 (87%) of the 61 patients, p = 0.022.

Conclusion: In our community, MS is closely related to HF with preserved systolic function and to the female gender.
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Introduction

Metabolic Syndrome (MS) is characterized by a cluster of
risk factors such as, elevated waist circumference, systemic
hypertension (SH), hyperglycemia, insulin resistance and
dyslipidemia (reduced HDL and elevated triglyceride levels).
The presence of this cluster of factors is associated with
elevated rates of cardiovascular events: sudden death, acute
myocardial infarction (AMI) and encephalic stroke as well as
a higher risk to develop diabetes mellitus (DM)'4.

In different adult populations, an elevated prevalence
of MS is observed that ranges from 25 to 35%°¢, and it is
more common in women. Different criteria have been used
to diagnose MS including those of WHO (World Health
Organization)’, NCEP-ATP III (National Cholesterol Education
Program Panel 11I)® and more recently the criteria of IDF
(International Diabetes Federation)”.

Ever increasing amounts of solid epidemiological proof
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indicate an association between MS and the presence of
cardiovascular alterations. Recently, a greater risk of the onset
of heart failure (HF) was identified, particularly in middle aged
and elderly men'.

In our community, the prevalence of MS and its components
in HF patients and differences in relation to gender have not
yet been established.

Methods

Between January 2005 and August 2006, 150 patients
were included in a cross sectional study involving patients
with clinical suspicion of HF treated by the Family Medical
Program (FMP). The patients were referred to a specialized HF
outpatient clinic for diagnostic confirmation of HF by means of
clinical criteria and echocardiography (ECHO). The population
sample of HF patients was estimated at 100 patients based
on the population of 100,000 patients treated by FMP and
a HF prevalence of 1% to 2% for the overall population in
accordance with data from the Framingham study.

Inclusion criteria - Patients with suspected HF — presence
of dyspnea, fatigue or edema in the lower limbs or
asymptomatic patients using digitalis and/or ACE inhibitors



Coelho et al
Metabolic syndrome, heart failure and primary care

Original Article

and/or diuretics. All patients had to be over the age of 18
and referred by the FMP.

Exclusion criteria - Lack of required data for analysis of the
presence of MS (Laboratory tests) or HF (echocardiography)
and other types of HF that did not include: HF with preserved
systolic function or HF with systolic dysfunction. The M-
mode or two dimensional transthoracic echocardiogram, in
accordance with the modified criteria of the EPICA study for
community HF patients'’, was used to determine whether or
not the patient had HF and its type. The HF patients were
identified according to the functional and structural alterations
evaluated on the ECHO.

Structural alterations evaluated on the echocardiogram
- 1) LV fractional shortening < 28%; 2) significant segment
alterations associated with LV dilation; 3) LV mass index > 134
g/m2in males and > 110 g/m? in females; 4) hypertrophy of
the interventricular septum and LV posterior wall according to
the parameters for age and gender; 5) increased LA (left atrium)
diameter according to the parameters for age and gender;
6) moderate to severe valve lesions of rheumatic origin; 7)
moderate to severe pericardial hemorrhage; 8) RV dilation.

Structural alterations that determined HF type - 1) fractional
shortening < 28% or the presence of significant segment
alterations associated with LV dilation; - classified as HF with
systolic dysfunction; 2) fractional shortening > 28% with no
segment alteration, however with the presence of increased
LA, or LV mass index (differentiated by gender), or hypertrophy
of the interventricular septum or LV posterior wall; - classified
as HF with preserved systolic function.

Upon admission to the study, the patients were clinically
assessed and underwent PA and left lateral view chest x-rays,
12 lead ECG and the following biochemical tests: 1) fasting
glucose; 2) triglycerides; 3) HDL cholesterol for composition
of the MS criteria.

Determination of the MS components in accordance with
the NCEP-ATP Il criterium was performed using the following
values: 1) Waist circumference > 102cm for males and 88cm
for females; 2) Triglycerides =150mg/dl; 3) HDL-c < 40mg/d|
for males and < 50mg/dl for females; 4) SBP =130X85mmHg
and 5) blood glucose level =110mg/dl; and in accordance
with the IDF criterium: 1) Waist circumference >94cm for
males and 80cm for females; 2) Triglycerides =150mg/dl, 3)
HDL-c < 40mg/dI for males and < 50mg/dl for females; 4) SBP
=130X80mmHg and 5) blood glucose level =100mg/dI.

The use of hypoglycemic or antihypertensive medication
was designated as a positive criterium. MS was confirmed by
the NCEP ATP IlI criterium when three of the five possible
components were present’. MS confirmation using the IDF
components required an alteration in waist circumference
along with two other alterations®®. DM was determined by
glucose levels = 126 mg% and insulin resistance by glucose
values between 100 and 125 mg%.

The variables evaluated in this model were: age, gender,
blood pressure, waist circumference, blood glucose level,
HDL, TG, BMI as well as the ECHO data to determine whether
or not the patient had HF and of which type. The study was
approved by the Research Ethics Committee at the Medical
School of the Federal Fluminense University. All patients

signed a free and informed consent form to participate in
the study.

Statistical analysis - Mean value difference was calculated
using the Student’s t-test to estimate the association between
the presence of HF with MS. Proportion differences and the
prevalence odds ratio were calculated using the chi-square test
(x2). Statistical significance was established as 5%. Statistical
analysis was performed using the software program SAS®
System, version 6.04.

Results

The clinical and metabolic characteristics of the patients
included in the study that were referred to the Primary Care
Clinic with suspected HF are shown in table 1. From the
sample of 150 patients, six were excluded due to moderate
to severe valve disease. The study involved 144 patients of
which 82 (57%) were females. No statistical differences were
observed in relation to mean age or gender for this group.

A higher incidence of MS was observed using the IDF
diagnostic criterium, and was diagnosed in 103 patients
(72%), of which 69 (67%) were females; p < 0.0001. Using
the NCEP-ATP llI criterium, 65 patients (70%) were females;
p < 0.0001.

HF was confirmed by the echocardigraphic criteria in 102
patients (71%) and there was a higher incidence of HF with
preserved systolic functionin 61 patients (42%); p = ns.

No significant differences were found between the
MS components and gender when the mean value of the
measurements that determined the presence of MS was used.
The only exception was BMI that was higher in the female
group; p = 0.032; (Table 1).

No statistical significance was found in relation to age,
gender, or incidence of MS components when analyzing
whether or not the patients had HE. However, the HF patients
had a greater incidence of insulin resistance syndrome; p =
0.07 and DM; p = 0.09; (Table 2).

Characterization of MS in relation to HF type revealed a
greater incidence of HF with preserved systolic function; odds
ratio (OR) 3.82 — confidence interval (Cl) 1.4 to 10 and p =
0.005. The most prevalent MS components associated with
HF with preserved systolic function were: SBP, DBP, waist
circumference (IDF and NCEP ATP Il criterium), triglycerides
and BMI.

The presence of MS was determined using the mean
values of the MS components. In relation to HF type, the
greatest component association was found in the HF group
with preserved systolic function with the presence of 3.6 =
1.0 components (IDF criterium), p = 0.009 and 3.2 = 1.1
components (NCEP-ATP IlI criterium), p = 0.017; (Table 3).

Evaluation of the prevalence of MS, using both criteria
(NCEP and IDF), the presence of MS associated with HF was
found in 79 patients (78%). A significant correlation was found
in both groups between HF type, IDF and NCEP criteria,
of which HF with preserved systolic function had greater
prevalence with both the NCEP (p = 0.020) and IDF criteria
(p = 0.010). The MS prevalence was 49 patients (80%) for
HF with preserved systolic function and 22 patients (54%)
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Table 1- Clinical characteristics of the population with suspected HF referred to a primary care facility

Characteristics Total group (n)

Number of patients n (%) 144
Mean age (years) (SD) 61x13
Prevalence of MS n (%)

MS present 111(77.1)
IDF 103 (71.5)
NCEP 93 (64.6)
Prevalence of HF n (%)

HF present 102 (71)
SHF 41 (29)
DHF 61 (42)
Criteria evaluated for MS diagnosis mean (SD)

SBP (mmHg) 150.1+314
DBP (mmHg) 90.3%£16
Waist circumference (cm) 96.1+13
Blood glucose (mg%) 112+40
HDL-cholesterol (mg%) 45.6+13.7
Triglycerides (mg%) 158+88
BMI (Kg/m?2) 28.5%5.7
Mean of the MS components n (SD)

IDF 3.2+1.2
NCEP-ATP Ill 29%1.2

Females (n) Males (n) p value
82 (57) 62 (43) ns
61+12 61x14 ns
73 (66) 38 (34) < 0.0001
69 (67) 34 (33) < 0.0001
65 (70) 28 (30) < 0.0001
55 (54) 47 (46)

18 (44) 23 (56) ns
37 (61) 24 (39)
152+32 148+30 ns
90+17 91+15 ns
96+14 96+12 ns
116+46 10731 ns
47+15 44+12 ns
164+93 152+81 ns
29.4+6.2 27.4+4.7 0.032
3.5+1.0 2.8+1.2 < 0.001
3.2*+1.0 2.4+1.0 < 0.001

IDF - International Diabetes Federation; NCEP-ATP Ill - National Cholesterol Education Program Panel Ill; HF - heart failure; MS - metabolic syndrome; SHF
- systolic heart failure; DHF - diastolic heart failure; SBP - systolic blood pressure; DBP - diastolic blood pressure; HDL-cholesteral - high density cholesterol;

BMI - body mass index.

for HF with systolic dysfunction in accordance with the IDF
criterium. Using the NCEP-ATP IlI criterium, MS prevalence
was 47 patients (77%) for HF with preserved systolic function
and 21 patients (51%) for HF with systolic dysfunction;
(Craphics 1, 2 and 3).

Evaluation of the association between HF and MS by
gender indicated that women with HF are 8 times more
likely to present MS than men in accordance with both the
NCEP and/or IDF criteria; OR 0.116 - C1 0.36 — 0.37 and p<
0.0001, (Table 4).

Discussion

This study, the first to evaluate the presence of MS in stable
chronic HF patients treated in Primary Care facilities in Brazil,
identified an elevated prevalence of MS and HF in these
patients. The presence of MS in this scenario was identified
using the NCEP-ATP Il criteria and the new determinations of
IDF. We found a greater frequency of MS in females (70% and
67%, respectively), using the NCEP-ATP Il and IDF criteria.
HF with preserved systolic function had a greater association
with MS and was also more prevalent in females.
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The significant association between the presence of MS and
the female gender, as demonstrated in earlier studies''?, could
be indirectly correlated to the alterations presented, such as
elevated triglycerides (53%), abdominal adiposity, SH (94%)
and elevation of BMI (46%), that are inherent characteristics
of females like hormonal alterations. Therefore, these factors
could represent the decisive alterations in our case study to
justify the presence of HF with preserved systolic function
in females, determining the possible structural alterations
presented on the ECHO; this was the link in the correlation
found in our study between the presence of HF with preserved
systolic function and the female gender.

Recently, MS has been identified as an independent risk
factor for the onset of HF'**'*. The possible mechanisms
associated with MS that cause HF are still speculative.
Nevertheless, evidence suggests that the damage to cardiac
cellular integrity caused by MS can favor the development of
HF. Just as the stimulating effect of insulin on the myocardium
of mice leads to increased cardiac mass and consequent
reduction of cardiac output', hyper stimulation of the
sympathetic nervous system, caused by hyperinsulinemia,
as well as its ability to promote fibroblast activation in
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Table 2 — Heart failure odds ratio as per metabolic syndrome components
General heart failure
Present Absent
Variable Category n % n % p value Odds ratio C(.)nﬁdence
interval
> 61 56 55 20 48 0.43 1.34 0.65-2.75
Age
<60 46 45 22 52
female 55 54 27 64 0.25 1.54 0.73-3.22
Gender
male 47 46 15 36
N yes 79 78 32 76 0.87 1.07 0.46 - 2.51
no 23 22 10 24
IDF yes 71 70 32 76 0.43 0.72 0.31-1.64
no 31 30 10 24
yes 68 67 25 59 0.41 1.36 0.65 - 2.85
NCEP
no 34 33 17 41
> 130 70 64 27 68
SBP (mmHg)
<130 32 36 15 31 0.61 1.21 0.57-2.59
< 80 67 66 27 64
DBP (mmHg)
> 80 35 34 15 36 0.87 1.06 0.50-2.25
> 85 63 62 26 62
DBP (mmHg)
< 85 39 38 16 38 0.98 0.99 0.47 - 2.08
WC — IDF IDF altered 73 72 35 17
(cm) normal 29 28 7 57 0.2 0.5 0.21-1.26
WC — NCEP NCEP altered 54 53 23 55
(cm) normal 48 47 19 45 0.84 0.93 0.45 - 1.91
altered 53 52 22 52
HDL (mg%)
normal 49 48 20 48 0.96 0.98 0.48 - 2.02
Triglycerides > 149 43 42 19 45
(mgge) <149 59 58 23 55 0.73 0.88 0.43 - 1.81
Glucose > 99 58 57 20 48
(mgge) <99 44 43 22 52 0.31 1.45 0.70 - 2.98
Glucose > 109 35 34 8 19
(mg%) <109 67 66 34 81 0.07 2.22 0.92 - 5.31
Glucose > 126 23 23 4 9
(mgg) <126 79 77 38 91 0.09 2.77 0.89 - 8.56
> 30 37 36 14 33
BMI (Kg/m?2)
< 30 65 64 28 67 0.73 1.14 0.53-2.43

MS - metabolic syndrome; IDF - International Diabetes Federation; NCEP-ATP III - National Cholesterol Education Program Panel Ill; SBP - systolic blood
pressure; DBP - diastolic blood pressure; WC — IDF - waist circumference > 94 cm for Men and > 80 cm for Women; WC-NCEP ATP Il - waist circumference
> 102 cm for Men and > 88 cm for Women; HDL-cholesterol - high density cholesterol; BMI - body mass index.

hypertensive patients, causing LV hypertrophy, increases the
production of collagen and fibrosis'. This collection of actions

causes disease progression and greater mortality.

HF is regarded as an emerging cardiovascular epidemic
whose increase is directly related to population growth as well

as the alarming increase in conditions that favor its onset, in
particular the MS components - DM, SH, Dyslipidemia and
Obesity". Therefore, it is of utmost importance to identify HF
risk factors that can be modified in order to enable adequate
intervention.

Arq Bras Cardiol 2007; 89(1) : 37-45
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Table 3 — DHF odds ratio (in relation to SHF) according to the metabolic syndrome components

Heart failure

DHF SHF
. . Confidence
Variable Category n % n % p value Odds ratio .
interval
> 61 34 56 22 54
Age
< 60 27 44 19 46 0.84 1.09 0.49 - 2.40
female 37 61 18 44
Gender
male 24 39 23 56 0.09 0.51 0.23-1.13
yes 53 87 26 63
MS
no 8 13 15 37 0.005 3.82 1.44 -10.2
yes 49 80 22 54
IDF
no 12 20 19 46 0.004 3.53 1.47 - 8.51
yes 47 77 21 51
NCEP
no 14 23 20 49 0.007 3.2 1.36-7.52
> 130 47 77 23 56
SBP (mmHg)
<130 14 23 18 44 0.025 2.63 1.11-6.19
< 80 46 75 21 51
DBP (mmHg)
> 80 15 25 20 49 0.012 2.92 1.25 - 6.80
> 85 44 72 19 46
DBP (mmHg)
=< 85 17 28 22 54 0.009 3 1.31-6.90
IDF altered 51 84 22 54
WC - IDF (cm)
normal 10 16 19 46 0.001 4.4 1.76 - 11
NCEPaltered 39 64 15 37
WC — NCEP (cm)
normal 22 36 26 63 0.007 3.07 1.35-6.99
altered 33 54 20 49
HDL (mg%).
normal 28 46 21 51 0.59 1.24 0.56-2.73
> 149 32 53 11 27
Triglycerides (mg%)
< 149 29 47 30 73 0.01 3.009 1.28 -7.07
> 99 38 62 20 49
Glucose (mg%)
<99 23 38 21 51 0.18 1.73 0.78 - 3.87
> 109 21 34 14 34
Glucose
<109 40 66 27 66 0.97 1.01 0.44-2.33
> 126 14 23 9 22
Glucose
<126 47 77 32 78 0.91 1.05 0.41-2.74
> 30 28 46 9 22
BMI (Kg/m?)
< 30 33 54 32 78 0.014 3.02 1.23-7.38

Mean of components present for the different HF types
IDF 3.6 1.0 28=13 0.009
NCEP-ATP [l1 32 x1.1 25+13 0.017

MS - metabolic syndrome; IDF - International Diabetes Federation; NCEP-ATP Il - National Cholesterol Education Program Panel Ill; SBP - systolic blood
pressure; DBP - diastolic blood pressure; WC — IDF - waist circumference > 94 cm for Men and > 80 cm for Women; WC-NCEP ATP lll - waist circumference
> 102 cm for Men and > 88 cm for Women; HDL-cholesterol - high density cholesterol; BMI - body mass index.
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Graphic 1 - MS according to the IDF criterium and HF type.
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Graphic 2 - MS according to the NCEP ATP Ill criterium and HF type.

Visceral obesity, another factor correlated to MS, develops
its aggressive role on the myocardium through the production
of substances with cardiovascular and systemic actions,such as
leptin, inflammatory cytokines (interleukins and tumor necrosis
factor), plasminogen activator inhibitor-1 (PAI-1) and free fatty
acids in addition to promoting a reduction of adiponectin.
Therefore, the loss of the protective vascular action generated
by the reduction of the adiponectin levels'®?, in conjunction
with the inflammatory and prothrombotic action determines
the substrate that will jeopardize the cardiovascular system.

Current concepts confirm that the physiopathlogy of HF is
distinct in relation to gender and HF type'>'. In these studies,
it is confirmed that HF with preserved systolic function is
predominately associated with females, advanced age and a
lower incidence of ischemic heart disease?". This fact correlates

with data throughout the world as demonstrated by Rodrigues-
Artalejo et al*? where the number of female deaths increased
between 1980-2000. This is an important fact that demonstrates
nonconformity in relation to HF treatment for females.

Data from the EPICA study'', that evaluated HF patients
in a community, confirmed that HF in females occurs at a
more advanced age and heart failure with preserved systolic
function is more predominant.

Kenchaiah et al** demonstrated that the HF risk when
related to an increase of one BMI unit is 5% for men and
7% for women and that when comparing the incidence of
HF between obese and non-obese individuals this same
increase doubles the risk which is higher for women — 2.12
(females) / 1.90 (males). Other studies?* suggest that the female
hormones affect heart function by means of estrogen-induced

Arq Bras Cardiol 2007; 89(1) : 37-45
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Graphic 3 - MS according to IDF or NCEP criteria and HF type.

Table 4 - MS prevalence odds ratio by different criteria, according to gender

HF present
i . Confidence
Characteristic Females Males p value Odds ratio .
interval
MS 51 (64.6) 28 (35.4)
yes
MS S
ﬁ/(\) 4(17.4) 19 (82.6) < 0.00071* 0.116 0.36 -0.37
MS 47 (66.2) 24 (33.8)
yes
IDF MS
no 8 (25.8) 23 (74.2) < 0.00071* 0.178 0.46 — 0.69
MS 46 (66.7) 22 (32.4)
yes
NCEP MS
no 9 (26.5) 25 (73.5) < 0.00071* 0.172 0.43 -0.69

HEF - heart failure; IDF - Internatinal Diabetes Federation; NCEP-ATP [Il - National Cholesterol Education Program Panel IlI; MS - metabolic syndrome present.
NCEP-ATP Il or IDF criteria* HF in females with MS was associated with a greater prevalence in comparison to HF patients without MS.

vasodilatation that in conjunction with SH could reduce rennin
action and consequently reduce myocardial fibrosis.

A sub-study of Framingham?®, conducted between
1950 and 1999, determined that in a population of white
individuals, there is a greater prevalence of HF in males, which
can be explained by the higher incidence of atherosclerosis in
males when compared to females. Barker et al** demonstrated
that the HF epidemic increase occurred in the elderly male
population (> 65 years), where the increased prevalence was
directly associated to the increased incidence and therefore
directly related to its greater survival rate. Other relevant data
were demonstrated by Levy et al*” where the association
between HF and hypertension was more common in females;
also, the risk to develop HF for individuals with SH was two-

Arq Bras Cardiol 2007; 89(1) : 37-45

fold for males and three-fold for females.

In our study, a substantial under usage of hypoglycemia-
inducing medication was confirmed, where in a population
of 78 patients (54%) with blood glucose levels > 100mg/dl,
only 37 patients (47%) used some type of oral hypoglycemia-
inducing medication. Another significant correlation was the
strong trend of the presence of HF in DM and insulin resistance
syndrome patients, with respective p values of 0.07 and 0.09,
odds ratio of 2.22 for the insulin resistant patients and 2.77
for the diabetic group (Table 3).

The US Health Maintenance Organization Study,
demonstrated that a 1% increase in the level of glycosylated
hemoglobin correlated to an increased risk of 15% to develop
HF, demonstrating the important relationship between
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dysglycemia and HF. Another significant correlation is that MS
patients are two times more likely to develop atherosclerotic
cardiovascular disease and five times more likely to develop
DM?Z. 1t has also been demonstrated that LV wall thickness
and mass are directly altered in relation to glucose intolerance;
this is higher for the female gender®.

A small observational and prospective study** demonstrated
that patients treated with glitazones, had higher survival rates
and lower HF risk, whereas another study*' demonstrated that
glitazones worsen survival rates and increase HF prevalence.
These variances are probably related to the different study
populations analyzed, where the first group could be a
population with a better controlled heart disease. The
PROACTIVE study demonstrated a greater number of hospital
admissions but a stable mortality rate2.

The under usage of medications related to MS and HF
treatment was also confirmed in the dyslipidemia patients.
The use of oral hypolipemia-inducing medication was only
confirmed in 18 (12.5%) of the 111 (77.1%) MS patients in
the study. For chronic HF patients, large studies involving
the use of statins have systematically excluded HF patients.
Therefore, the use of statins in chronic HF patients remains a
topic for further discussion®.

Prospective studies, such as the one by Node et al*,
demonstrated a functional capacity improvement in HF
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