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Abstract

Cardiovascular diseases, including atherosclerosis, are important causes of death among diabetics.
Features of diabetes mellitus (DM) associated with atherogenic risk factors are discussed by a
cross-sectional study. It was evaluated 432 families attended by Basic Family Health Unities (FHU),
registered at Family Health Program (HIPERDIA) at borough Alto da Maravilha in Senhor do Bon-
fim, Bahia, Brazil. Among eligible patients, 50 (8.4% of the total) were included in diabetic group
(DB), and 80 (9.4% of the total) in the non-diabetic group (NDB). The majority was women (90/
130) in the age range 48 - 77. The diabetic group showed a high prevalence among analyzed va-
riables, such as hypertension (74.0%) and obesity (46.0%). Significant differences were not found
among lipoprotein cholesterol concentrations comparing the DB and NDB groups. The correlation
analysis showed significant differences among LDL-C-DB and CT-DB (p < 0.0001), LDL-NDB and
CT-NDB (p < 0.0001), LDL-NDB and TG-NDB (p = 0.0034), and CT-NDB and TG-NDB (p = 0.0001).
Diabetic and healthy individuals do not present significant differences in the lipid profiles. By the
way, the diabetic and health individuals can not present significant differences in the lipid profile,
however, probably there are differences in the quality of the lipoprotein molecules between DB
and NDB and a divergent tendency of the disease progression, such as a higher disposition to
atherosclerosis development in DB. These patients with potential risk to development atheros-
clerosis or aggravation of diabetes must have more attention about Family Health Program.
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1. Introduction

Among the cardiovascular diseases, the coronary artery disease (CAD) is the most prevalent and represents the
biggest cause of death in developed countries. Data from DATASUS show that in Brazil there are about one
million hospital internments occurring every year due to cardiovascular diseases [1] [2].

Some characteristics and habits, known as risk factors, may increase the chance of a person to develop
atherosclerotic disease. Among the factors are an elevated level of total cholesterol and low density lipoprotein
(LDL), and a low level of high density lipoprotein (HDL), arterial hypertension (HAS), tobacco use, obesity,
sedentariness, old age and diabetes mellitus.

The diabetes mellitus (DM) is a metabolic disorder, whose main characteristics are disturbances in carbohy-
drate and in the processing of both fats and proteins, resulting from defects in the secretion, on the action of the
insulin or in both. The DM is grouped into two subtypes: one is related to autoimmune origin and also related to
a deficiency of insulin, called type 1 DM, and the other one results from a complicated physiopathological proc-
ess triggered by pregnant and secondary insulin resistance, referred to as type 2 DM. In the diabetic population,
the CAD features drive the patients to have the greatest morbimortality when compared with a healthy popula-
tion [3].

The atherosclerotic process is emphasized in diabetic individuals due to long exposure to hyperglycemia and
hyperinsulinemia, in addition to the insulin resistance, which drive to cellular alterations in every stage of the
process [4].

Additionally, the diabetic individuals present a higher risk to cardiovascular disease, and they have a worse
prognosis too, with smaller surviving at short time, a bigger risk of disease aggravation and a worst response to
the treatment [5]. The atherosclerosis in diabetics is more severe, appears with greater frequency, and occurs
earlier when compared with healthy individuals, increasing the risk of cardiac infarction in those diabetic indi-
viduals [6].

This work approaches the diabetes development, analyzing its prevalence and estimating its association to
known atherosclerosis risk factors in a population sample of patients under the care of the Basic Family Health
Unities in Senhor do Bonfim, Bahia, Brazil.

2. Methods
2.1. Studied Population

Along May and June of 2012 a observational transversal study was made, in which 432 families were randomly
chosen, representing 1/5 from 2161 families registered in HIPERDIA (monitoring system of hypertension and
diabetes that affect the patients covered by the “Plano Nacional de Reorganizagdo e Atengdo a Hipertensdo Ar-
terial e ao Diabetes mellitus” inside the Family Healthy Program [Programa de Satide da Familia—PSF] sup-
ported by the Federal Government of Brazil) at the Family Healthy Unity (Unidade de Saude da Familia—USF)
at Alto da Maravilha in Senhor do Bonfim, Bahia, Brazil. The 432 families were separated in two arrangements
(1 and 2) with 216 families each.

After the verification of the medical cards, the patients were selected following the inclusion and exclusion crite-
ria to diabetic group (DB) from the previous arrangement 1 and non-diabetics (NDB) from arrangement 2. The
medical cards analyzes were made along all period in USF rooms, after the authorization and order from Mu-
nicipal Healthy Department. The other analyzes was made in the Immunology Laboratory at DEDC 7-UNEB.

2.2. Arrangement and Analysis Criteria

The selection of 593 allocate able individuals from the 878 that compound the first arrangement (compound by
126 families) according the inclusion and exclusion criteria. The individuals with 18 years and above were se-
lected which present laboratorial exams to plasmatic lipoproteins (C-LDL, C-HDL, CT and TG) and that present
diabetes diagnostic; patients bellow 18 years were excluded and those ones that do not have exams to C-LDL or
CT. The DB group was compound by 50 patients that were selected by convenience from those 593 individuals.
In the same way, 848 individuals were put apart from the second arrangement with 216 families too, and 80
patients were able according to the inclusion and exclusion criteria. Individuals from 18 years old were included,
without diabetes diagnostic and that present laboratory exams to plasmatic lipoproteins (C-LDL, C-HDL, CT
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and TG); individuals that follow the same exclusion criteria to the anterior group were excluded and, obviously,
those ones that present diabetes diagnostic. To constitute the NDB group, 80 patients were selected by conven-
ience.

The total cholesterol level (TC) of the patients was classified according to the “/I] Diretrizes Brasileiras sobre
Dislipidemias e Diretriz de Prevencdo da Aterosclerose do Departamento de Aterosclerose da Sociedade Bra-
sileira de Cardiologia” [7] and present the follow measurements goals:
¢ Desirable: TC <200 mg/dL; LDL < 130 mg/dl; HDL > 40 mg/dL and TG < 150 mg/dL;
¢ Borderline: TC between 200 - 239 mg/dL; LDL between 130 - 159 mg/dL and TG < 150 mg/dL;

* High Risk: TC > 240 mg/dL; LDL > 160 mg/dL; HDL <40 mg/dL and TG > 200 mg/dL.

2.3. Collection and Data Analysis

The clinical profile data were taken from analysis of patients” medical cards and from the application data regis-
ter of the HIPERDIA program. Patients from both groups (DB and NDB) subscribe the Free Consentient and
Clarified Term (FCCT), which enable the use of the medical card data and HIPERDIA register data.

The following data were taken from the medical cards: age, gender, plasmatic lipoprotein values (TC, C-LDL,
C-HDL, and TG), smoking habit, sedentary occupation (sedentariness), alcohol ingestion (alcoholism), over-
weight/ obesity and cardiovascular previous events. The last laboratory exams of both groups (DB and NDB)
were taken into consideration.

This work does not present any ethical relevant conflicts. The research project was approved by the Ethical
Research Commit of UNEB (CEP-UNEB), number 57679 (CAE 03310612.6.0000.0057).

2.4. Statistical Analysis

The data collected were statistically addressed to determine the distribution type (if Gaussian or not) using
D’Agostino and Pearson method on GraphPad Prism 5.4 software. Whenever the distribution of Gaussian was
encountered, a parametrical test was adopted (t of Student) to make the inferential statistical comparison between
averages, and cases non-Guassian, non-parametrical tests were done (Mann-Whitney) to compare the averages.

Collinear correlation tests (Pearson and Spearman) were performed to evaluate the power and the direction of
the relation among the variables, every two ones to each group.

3. Results

The 50 diabetic patients selected represent 8.4% the total sorted individuals (593), from which 38 present type 2
diabetes and 12, type 1 diabetes. The 80 non diabetic patients consist 9.4% from the total ones (848) sorted and
considered able to the research.

It was observed that most of the diabetic individuals were between 63 and 77 years old (42.0%) and the non
diabetic ones between 48 and 62 years (31.2%). The majority of the sampled population was compounded by
women in both DB and NDB groups (Table 1).

Table 1. DB and NDB patients’ distribution according age and gender.

Age (years) M n (DB) M n (NDB) Fn (DB) F n (NDB) Total n (%) DB Total n (%) NDB
18-32 0 3 0 4 0(0) 7(8.7)
33-47 4 6 0 14 4(8) 20 (25.0)

48 - 62 7 6 11 19 18 (36) 25(31.2)
63-177 4 7 17 16 21 (42) 23 (28.8)
78 -92 1 2 6 3 7(14) 5(6.3)
Total 16 24 34 56 50 (100) 80 (100)

DB—diabetics; NDB—non diabetics; n—number of individuals; M—masculine; F—feminine.



P. M. Alves et al.

The diabetic patients present clinical profile with higher percentages to almost every characteristic, except to
infarction. It was notable that 37/50 (74.0%) of DB present hypertension 23/50 (46.0%) and also obesity/over-
weight features (Table 2).

When compared with the lipoprotein values there weren’t any significant differences (p < 0.05) between DB
and NDB groups. In the same way, the comparison of lipoprotein values subgroups in every profile desirable,
borderline and undesirable (high risk) also do not present any significant differences. Significant positive linear
correlations were found between the lipid markers to DB and NDB groups. Among the DB there was a strong
positive linear correlation between TC and LDL markers (p < 0.0001) (Table 3). In this same group, TG and
HDL markers do not present any significant linear correlations with the other markers. In NDB group there was
strong positive linear correlations among TC and LDL (p <0.0001), TC and TG (p = 0.0001), TG and LDL (p =
0.0034) (Table 4).

The ratios for LDL-C/HDL-C; TC/HDL-C and TG/HDL-C did not show significant differences between the

groups DB and NDB.

Table 2. Clinical profile of the DB and NDB groups.

Characteristic DB n (%) NDB n (%) Total n (%)
Feminine 34 (68.0); 56 (70.0); 90 (69.2);
Masculine 16 (32.0) 24 (30.0) 40 (30.8)

Hypertension 37 (74.0) 25(31.2) 62 (47.7)
Smoking 16 (32.0) 9(11.2) 25(19.2)

Alcoholism 3(6.0) 1(1.3) 4(3.0)
Obesity/overweight 23 (46.0) 33.7) 26 (20.0)
Sedentariness 21 (42.0) 11(13.7) 32(24.6)
Infarct 0(0.0) 1(1.2) 1(0.7)
Total n (%) 50 (100; 38.5) 80 (100; 61.5) 130 (100; 100.0)

DB—diabetics; NDB—non diabetics; n—number of individuals.

Table 3. Linear correlation data analyze between the lipoprotein values in DB.

LDL (DB) TC (DB) TG (DB) HDL (DB)
n=39 n=41 n=39
_ ) r=-0.1257 () r=0.259% (")
LDL (DB) rp :0'(?(9)(7)%) 1() p=0.4336 p=0.1108
’ (ns) (ns)
n=39 n=46 n=239
_ ) r=0.1219 (") r=0.3094 (")
TC (DB) rp 20333(7)31() p=04195 p=0.0553
’ (ns) (ns)
n=41 n=46 n=40
r=-0.1704 (%) r=0.1792 (%) =-0.2794 (")
TG (DB) p=02867 p=02334 p=0. 0808
(ns) (ns) (ns)
n=39 n=39 n=40
r=0.1751 % r=0.2659 (% r=-0.2794 (")
HDL (DB) p=02863 p=0.1018 p =0.0808
(ns) (ns) (ns)

. . .. 1 . . 2. . . ..
n = number of pars; r = correlation coefficient; p = significant level; (') Spearman linear correlation; (°) Pearson linear correlation; ns = non signifi-
p

cant correlation; = significant correlation; DB = diabetic group.
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Table 4. Linear correlation data analyze between the lipoprotein values in NDB.

LDL (NDB) CT (NDB) TG (NDB) HDL (NDB)
n=34
n=72 n=75 _ 1
LDL (NDB) r=0.9032 () r=0.3084 (') = &%9;’?6( )
p <0.0001° p=0.0034" p b
n=31
n=72 n=76 _ 1
CT (NDB) r=0.9086 (%) r=0424 (") r ‘2'59170735)
p <0.0001° p=0.0001" P (05)
n=33
n=75 n=76 _ 1
TG (NDB) r=0.3345 () r=0.4247 (%) ! :061232 (f )
p=0.0034" p=0.0001 p o
n=34 n=31 n=33
r=0.1325 % r=0.2977 ) r=-0.1094 ()
HDL (NDB) p = 0.4550 p=0.1039 p=0.5456

(ns) (ns) (ns)

. . .. 1 . . 2. . . ..
n = number of pars; r = correlation coefficient; p = significant level; (') Spearman linear correlation; () Pearson linear correlation; ns = non signifi-
cant correlation; = significant correlation; NDB = non diabetic group.

4. Discussion

The major indexes of morbidity and mortality in the world are associated to atherosclerotic disease, which in
accordance with some authors [8] is the most common abnormality sited in arteries as a primary result of two
basic processes: the cholesterol accumulation inside the foam cells and the smooth muscle cells proliferation at
the arterial intima tunic, which result in inflammation. The population misinformation about the associated risk
factors and atherosclerosis, still are high; and consequently the hospitalization numbers caused by CAD compli-
cations become higher too, resulting in more expenses to Brazilian Health Programs.

Based on physiopathological observations in humans and animals, some studies suggest the hypothesis that
the atherosclerotic disease is an organism response to the tissue injury concerned in the endothelial dysfunction,
and has been observed that oxidised low density lipoproteins (oxLDL) are one of the main factors involved in
the tissue lesion trigger [9]. The critical risk factors associated to atherosclerosis, as dyslipidaemias, hyperten-
sion, smoking, sedentariness, obesity, and diabetes mellitus (which is an independent factor to the atherosclero-
sis according to some authors), deserves special attention along the sampling and anamneses procedures of po-
tential affected individuals, at same time that the identification of the carriers of risk factors, may help to mini-
mise the complications resulting from atherosclerosis.

DM is an import public health problem that compromises the life quality and survival of the people. The
mortality caused by cardiovascular events is increasing among diabetics and is related to the disease develop-
ment stage, as well as to other cardiovascular risk factors’ aggregation (obesity, hypertension, dyslipidemia, and
others), showing whatever the therapeutic strategy to DM is important to take into consideration the occurrence
of these other factors [10]. Some studies reveal that people who present diabetes in less than 10 years have car-
diovascular risk comparable to someone that presents previous coronary problem, and that the diabetic women
more than 10 years have a much higher risk [11]. The type 1 DM patients have weight augmentation due to the
insulin treatment associated with the dietary pattern alterations and sedentary habits, and present strong relation
to a lipid profile more propitiously to atherosclerosis development together with LDL and triglycerides index
increasing and HDL rate decreasing [12]. The insulin resistance associated to lipotoxicity helps to understand
the cause of the accelerated velocity development of the cardiovascular diseases in type 2 DM patients [13].

As a result of this research, Table 1 shows that the major part of individuals in DB group (42.0%) present age
range from 63 to 77 years, which is consonant with the Brazilian Diabetes Association data establishing that DM
affects 7.6% of the Brazilian population between 30 and 69 years, bearing to about 20.0% of population with
age over 70 years. The results still show that the majority of individuals from both groups, DB and NDB, are
compounded by women 34/50 (68.0%) and 56/80 (70.0%), respectively, and therefore the women proportion in
each group is similar. According to the Diabetes Consensus data [10], the DM prevalence is correspondent be-
tween women and men and the results of some studies [14] confirm this assertion and reveal disappearance of
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minimal differences that can exist between the sexes, along the age advance. From the 50 DM diagnosed indi-
viduals, 38 (76.0%) present type 2 DM, showing a tendency already anticipated by some authors [15], and 90.0%
of the diabetes cases are of type 2.

DM affects millions of people and the CAD is the main cause of death among these individuals. The patients
with type 1 DM, due to the insulin treatment, present weight increasing and, in general, sedentariness, resulting
in a lipid profile propitious to atherosclerosis development. The type 2 DM patients present the same risk factors
to atherosclerotic disease that the general population, forcing the idea from some authors [16], that diabetes, in
several times, coexist with obesity, hypertension and dyslipidaemias. The authors’ assertion may be corrobo-
rated by this study because 74.0% of DB also presents HAS and 46.0% have obesity condition (Table 2). The
DB patients also presented a bigger prevalence regarding to almost all habit risk associated if compared with
NDB. These habits (smoking, alcoholism, sedentariness, cardiovascular antecedents and obesity) in association
to high LDL rate and low HDL rate may drive to atherosclerotic disease aggravation. Second some authors [17],
the high atherogenic lipoprotein indexes, including Very Low Density Lipoprotein (VLDL) and the LDL, are in
general feature connected to low HDL indexes. The HDL have high anti atherogenic potency, mainly due to its
capacity to transport lipids, specially cholesterol ester from peripheral tissues to the liver through the reverse
cholesterol transport way (RCT), apart from offering anti-oxidised protection, mediate the cholesterol efflux, in-
hibit the expression of cellular adhesion molecules and leukocyte activation.

DM is directly linked to dyslipidemias. The dyslipidemias arise from physiological changes that result in se-
rum values above or below the desirable for CT (total cholesterol), LDL-C (LDL cholesterol), TG (triglycerides),
relations CT/HDL-C and LDL-C/HDL-C and for the fraction non-HDL-C (non-HDL cholesterol), but mainly
when HDL-C (HDL cholesterol) is below the desirable [18]-[20]. HDL-C is one of the most promising indica-
tors to determine risk of atherosclerotic cardiovascular disease [21]. There is an increased risk with the growth
of LDL-C, non-HDL-C, CT, and the biggest ratio CT/HDL-C has a positive linear relationship with Atheroscle-
rotic cardiovascular disease, as well as LDL-C, especially in elderly patients. The increase in the rates of CT,
LDL-C, non-HDL-C, apoB, TC/HDL-C, LDL-C/HDL-C, and apoB/apoA-I are associated with the presence of
atherosclerotic plaque [21] [22], but highlighting the ratio CT/HDL-C. By de way, the non-HDL-C could be
usefulness as a risk marker of cardiovascular disease [23], and non-HDL-C would be more related to apoB than
with the LDL-C, having the same predictive value that these lipoproteins. Therefore, the increased level of HDL-C
is associated with the decrease in the thickening of the intima of carotid average in patients with type 2 DM and
atherosclerosis [24].

In despite that this study do not present any significant difference among the ratios between lipoproteins markers,
and there are few subsides to determine the real cause of that in this case; tendency to develop cardiovascular
diseases in both groups is inferred because the lifestyle are similar, including diet, smoking, sedentariness and
weight gain along the time life, however, this tendency probably is greater to the DM group [25] [26].

For evaluation of particle size of LDL, the use of the TG/HDL-C ratio [27]-[29] is more significant than other
ratios (TC/HDL-C and LDL-C/HDL-C), i.e. ratios TG/HDL-C > 1.0 and is a reliable estimate for determining
the presence of small dense LDL particles and whose concentration increases represent an increased risk of car-
diovascular events [30]. In turn, the ratios TC/HDL-C and LDL-C/HDL-C are indicative of risk of cardiovascular
event, being the greater the risk the more ratios are distanced positively of 1.0.

There are no significant difference between the TG/HDL-C ratios between the DB and NDB, however in DB
the ratios are higher (minimum 1.3 and maximum 11.5) than in NDB (minimum 0.9, maximum 9.4), indicating a
larger number of individuals with small and dense LDL particles in the Group DB and greater tendency to ag-
gravation of the disease in this study.

In the groups analysed, the comparison of markers values (LDL, HDL, TC and TG) also did not present any
significant differences between DB and NDB. The comparison among the subgroups according to the lipid pro-
file also does not present any significant differences. These results which may be explained because the level of
C-LDL (cholesterol of LDL) in individuals with type 2 DM in general is similar to the one found in normal
population [30] [31], however, that the quality of the LDL molecule is different between diabetics and not dia-
betics persons [27]. In diabetics LDL is smaller and denser, which makes it more atherogenic. The people with
type 1 DM that present controlled glucose rate in blood circulation, probably also have lipid levels similar to the
healthy people; the glycemic index control being fundamental in the interference of lipid concentrations of pa-
tients with type 1 DM [32].

The linear correlation tests performed with the lipid markers do not present any significant correlation among
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HDL and the others markers in both DB and NDB groups. In despite, HDL have inverse relation with DM a
negative correlation among HDL and other markers would be expected, in the same time the increase of HDL
marker occurs there must be a reduction of other markers ones, and when there are HDL rate decrease there
must be an increase in the rate of others ones [27] [30] [33]. The HDL have great potential to induce the produc-
tion of nitric oxide (NO), which is a strong ally to fight against the atherosclerotic disease, because it acts in the
reduction of the oxidation of incorporated particles to LDL and in addition, acts at particles incorporation
through the reverse cholesterol transport, driving to its oxidation in the liver [33] [34].

In DB group the LDL and TC markers, the correlation was positive (Table 3), demonstrating what already was
expected, once that the LDL is a TC fraction. However there was no significant correlation between LDL and
TG in DB group, this correlation shows tendency to be negative due to the probable incorporation of TG in LDL.
The correlation between LDL with TC and LDL with TG, in NDB group, was positive (Table 4), what also
already was expected in so far as in NDB the incorporation of those lipoproteins particles in LDL, theoretically
is reduced. The non variance among the lipoproteins, as well as the results obtained after the linear correlation
tests between the studied groups, DB and NDB, also may be related to the fact that those diabetic patients are
covered by HIPERDIA program, which cares and monitoring periodically those hypertensive and diabetic indi-
viduals and gives the adequate treatment to these diseases, besides it’s probable that the medicines used to treat
the DM help, in some way, the maintenance of the desirable levels of plasmatic lipoproteins.

5. Conclusion

Both diabetic patients and healthy ones can present the same lipid profile, otherwise there are differences in the
tendency of disease progression—which is more intense in diabetic persons—and in the quality of the lipopro-
tein molecules that present more atherogenic activity in the diabetics [30]; the correlation tests performed among
the lipid markers (LDL, HDL, TC and TG) demonstrate the necessity of maintenance of the desirable lipopro-
tein indexes, like HDL for example [34], as well as the equilibrium on TG rate, which reveals that the LDL is in
lower proportion. By the way, patients with potential risks to develop atherosclerosis or aggravation of diabetes
must have more attention in the Family Health Program (HIPERDIA).
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