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Abstract

Type 2 diabetes (DM2) is a syndrome characterized by postprandial hyperglycemia normally due
to peripheral resistance to insulin and accounts for approximately 90% of diabetes cases world-
wide and it is usually related to dyslipidemia, overweight/obesity and physical inactivity and in-
crease in the risk of cardiovascular disease. This study aimed to compare the metabolic and in-
flammatory profile of hyperglycemic with non-hyperglycemic subjects in a group of patients un-
dergoing coronary arteriography. Our group of patients showed that 63.16% presented glycaemia
above 99 mg/dL (from the hyperglycemic patients, 31 individuals were classified as glucose into-
lerant and 29 as diabetic). Significant differences were found for glycaemia, LDL-c (Low Density
Lipoprotein), and hs-CRP (high sensitivity C reactive protein) levels. Nevertheless it is possible to
observe that patients with higher glycaemia showed increased values of Total Cholesterol, Trigly-
cerides, LDL-c, Castelli Index I and II and estimative of LDL-c size particle and decreased HDL-c
(High Density Lipoprotein) values. The comparison between hs-CRP levels and biochemical para-
meters shows significant differences for Body Mass Index, Triglycerides, HDL-c and the estimative
of LDL-c particle. Also, the presence of Metabolic Syndrome is more prevalent in patients with high
levels of hs-CRP. Diabetes patients have more significant increase in morbidity and mortality than
the general population frequently due to further complications associated with the resistance to
insulin. It is indispensable to outline the anthropometric and biochemical profile from hypergly-
cemic patients in order to work on secondary prevention of cardiovascular disease.
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1. Introduction

Glucose intolerance may lead to type 2 diabetes (DM2) over a variable period of time, resulting in oxidative
damages and endoplasmatic reticulum stress unleashed by the insulin resistance. Associated with that, it is
commonly seen the increase of circulating pro-inflammatory cytokine levels and low-intensity islet inflamma-
tion suggesting that the inflammation process may contribute to beta cell dysfunction and death in these patients
[1]-[5].

DM2 is a syndrome characterized by postprandial hyperglycemia normally due to peripheral resistance to in-
sulin and accounts for approximately 90% of diabetes cases worldwide and it is usually related to overweight/
obesity and physical inactivity. The number of DM2 patients is increasing enormously, reaching epidemic pro-
portions and becoming a serious public health problem [5] [6].

It is well established that DM2 patients are at increased risk of developing cardiovascular diseases (CVD) and
are more likely to die of these diseases than non-diabetics subjects. Also associated is the Metabolic Syndrome
(MS) that includes a number of risk factors that play important role in high morbidity. The obesity, mainly the
visceral adipose tissue, is related to the CVD due to the release of inflammatory mediators such as tumor necro-
sis factor a (TNF-a), interleukin-1 (IL-1), IL-6, resist in and inhibitor of plasminogen activator-1 (PAI-1) lead-
ing to a low intensity inflammatory process and resulting in a local immune response and production of pro-in-
flammatory markers as C reactive protein (CRP) [7]-[11].

CRP is produced by the liver and adipocytes and its levels may increase in response to active infection or
acute inflammation. It is regulated by cytokines IL-1, IL-6 and TNF-o and moderate increases are linked to
chronic inflammatory conditions such as atherosclerosis independently of the lipid parameters. It is also related
to insulin resistance and hyperglycemia [6] [12]-[14].

Considering that the glucose intolerance and DM2 are related to the MS, increase in CRP levels and CVD,
this study aims to compare the metabolic and inflammatory profile of hyperglycemic with non-hyperglycemic
subjects in a group of patients undergoing coronary arteriography.

2. Materials and Methods

The experimental protocols used in this study were approved by the Ethics Committee of the University of Ma-
rilia (Protocol 449/Record 25000.113733/2010-14) and started after the subjects signed a Free and Informed
Consent Form (Resolution 196/10 of October 1996—National Health Council—CNS). The procedures of the
experimental protocol followed the Ethical Standards of the Institutional Ethics Committee and the Helsinki
Declaration of 1975, which was revised in 2008.

This work was conducted during the second half of 2013at the Hemodynamic Laboratory of the University
Hospital in the city of Marilia-state of Sdo Paulo, Brazil. We have studied 95 subjects (54 men and 43 women -
36 to 88 years old) undergoing coronary arteriography. This group of patients was chosen in order to study the
metabolic and inflammatory profile of normal and hyperglycemic individuals under this kind of procedure.
Height and weight were also evaluated to calculate the body mass index (BMI). Waist circumference (WC) was
also measured.

Venous blood was collected by BD vacutainer system to verify glycaemia (subjects with glycaemia > 100
mg/dL and < 126 mg/dL were considered glucose intolerant (Gl); glycaemia > 126 mg/dL were considered DM),
lipid profile (total cholesterol (TC), Low Density Lipoprotein cholesterol (LDL-c) and High Density Lipoprotein
Cholesterol (HDL-c) and triglycerides (TG)) and levels of high sensitivity-CRP (hs-CRP). Biochemical para-
meters followed S&o Francisco Laboratory protocol at the University Hospital of the University of Marilia, SP,
Brazil. The results of biochemical and anthropometric profile followed Lloyd-Jones et al. [15]. Castelli Index |
and Il were calculated, using TC/HDL-c and LDL-c/HDL-c ratios and to calculate the estimative of Low Densi-
ty Lipoprotein particle size it was used the ratio TG/HDL-c. Values lower than 2.0 mg/dL considerate that the
particles are small and dense (small dense LDL-c: sdLDL-c).
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The presence of alterations in at least three of the following parameters were evaluated to classify patients as
possessing or not Metabolic Syndrome (MS): BMI, glycaemia, TG, HDL-c and blood pressure (data of blood
pressure was used in order to help in the classification of MS, but they were not included in the tables or figures
presented in the results section).

The data were analyzed using the statistical program R version 2.15.2. Quantitative variables were presented
descriptively as mean, median, minimum and maximum values and standard deviation, and qualitative variables
were analyzed by calculating the absolute and relative frequencies. Inferential analyses were used in Pearson’s
chi-square test and Fisher’s exact test or its extension for comparison of the categorical variables. Analysis of
variance (ANOVA) with a fixed factor and its non-parametric correspondent were used in the comparison of the
patients’ age (years). Spearman’s correlation analysis was applied to assess the correlation between levels of
CRP (mg/dL) and body mass index (kg/m?), waist circumference (cm), total cholesterol (mg/dL), HDL-c
(mg/dL), LDL-c (mg/dL), triglycerides (mg/dL), blood glucose (mg/dL), CI-I, CI-Il and the estimative of LDL-c
particle (sdLDL-c). For the Correlation Test we have included only the figures with statistical significance.

A level of significance o of 5% was applied to all the conclusions obtained from the inferential analysis.

3. Results

Our group of studied patients undergoing arteriography show that 63.16% presented glycaemia above 99 mg/dL
(from the hyperglycemic patients, 31 individuals were classified as glucose intolerant and 29 as diabetic). Table
1 shows that, from the 95 patients undergoing angiography, 95.0% of the DM patients were classified as pos-
sessing MS. Fisher’s exact test showed significant differences between hyperglycemic and non-hyperglycemic
groups when comparing to the presence of MS (p-valor = 0.0121).

Table 2 exhibits the comparison between hyperglycemic and non-hyperglycemic groups and shows non-sig-
nificant differences in age, BMI and WC, but hyperglycemic patients tend to exhibit higher values of BMI and
WC when compared to the normal patients.

In Table 3 it is possible to compare the biochemical parameters of the subjects, according to the presence of
hyperglycemia. Significant differences were seen only for glucose, LDL-c, and hs-CRP levels. Nevertheless it is
possible to observe that patients with higher glycaemia show increased values of TC, TG, LDL-c, glucose, Cas-
telli Index I and 11 and estimative of LDL-c size particle and decreased HDL-c values.

The comparison between hs-CRP levels and biochemical parameters is shown in Table 4. Significant differ-
ences were observed for BMI, TG, HDL-c and the estimative of LDL-c particle (TG/HDL-c). However, indi-
viduals with high and moderate levels of hs-CRP tend to have higher values of CT, LDL-c, WC, Castelli Index |
and Il.

Figure 1 show the Correlation Test with significant differences in the hyperglycemic groups (not significant
results were not presented here).

Figure 2 shows that most patients classified as having high and moderate levels of hs-CRP present higher
percentage of MS.

4. Discussion

Our results show that most subjects undergoing arteriography are hyperglycemic or are classified as DM and
almost all of these possess MS (Table 1). Postprandial hyperglycemia is known as a feature of the early stage of
DM2 and impaired glucose tolerance caused by overt interference in the insulin action. The insulin resistance
and modifications in the reference ranges of HDL-c and TG, WC and obesity are closely correlated and may
characterize the MS which is a serious public health problem in both sexes worldwide. MS has a polygenicori-
gin and it is represented by a number of risk factors for developing DM2 and CVD. These risk factors are com-
monly represented by obesity (that often leads to MS, represented by a cluster of inter-related risk factors for
developing DM and atherosclerosis), glucose intolerance, decreased HDL-c, increased TG, WC and hs-CRP and
high blood pressure. Obesity, mainly related to the increase in the volume of the visceral adipose tissue, plays a
fundamental role in the morbidity and mortality of the patients. Obesity in association with MS leads to the
production, besides CRP, of high levels of proinflammatory markers [12]-[14]. Moderate increase in the levels
of hs-CRP is associated with chronic inflammatory conditions such as atherosclerosis [6] [12] [14] [16].

No significant differences in the anthropometric profile of hyperglycemic and non-hyperglycemic subjects
were observed (Table 2) and only LDL-c, hs-CRP and glycaemia showed significant differences in the groups
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Table 1. Subjects of the study according to the presence or not of hyperglycemia and Metabolic Syndrome (MS).

Hyperglycemic Non-hyperglycemic

CIEES (n = 60/63.16%) (n = 35/36.84%) ekl
MS 57 (95.0%) 27 (77.1%) 84 (84.42%)
No MS 3 (5.0%) 8 (22.9%) 11 (11.58%)
DM2: Type2 diabetes mellitus; MS: Metabolicsyndrome.
Table 2. Characteristics of gender, age and anthropometric parameters of the studied subjects.
Parameter (0 60165 16%) 0= Sorsb ey
Female/male (28/32) (14/21)
Age (years) 65.5+10.3 (A)@ 61.7 +12.8 (A)
Weight (kg) 77.13+15.63 (A) 77.94 +14.77 (A)
Height (m) 1.65 +0.09 (A) 1.67 £0.09 (A)
BMI (kg/m?) 28.09 + 4.39 (A) 25.95 + 4.28 (A)
WC (cm) 97.60 + 13.3 (A) 94.20 +12.30 (A)

(1) Different letters indicate a significant difference between the treatments at a level of 5%. BMI: body mass index; WC: waist circumference.

Table 3. Biochemical parameters of the subjects according to the glycaemia.

Parameter (0 6068 16%) = )
TC (mg/dL) 183.20 +39.99 (A) @ 178.07 + 45.43 (A)
HDL-c (mg/dL) 44.28 +12.11 (A) 48.23 +10.95 (A)
LDL-c (mg/dL) 108.88 + 25.44 (A) 101.78 + 35.24 (B)
CT/HDL-c 424 +1.57 (A) 416 + 1.38 (A)
TG/HDL-c 1.82 £4.39 (A) 3.01+1.89 (A)
LDL-c/HDL-c 248 £ 1.47 (A) 256 +1.13 (A)
hs-PCR (mg/dL) 0.530 £ 0.518 (A) 0.349 + 0.366 (B)
Glucose (mg/dL) 137.17 £43.19 (B) 88.06 £ 9.55 (A)
TG (mg/dL) 149.52 + 127.46 (A) 125.97 +59.93 (A)

(1) Different letters indicate a significant difference between the treatments at a level of 5%. TC: total cholesterol; TG: triglycerides; HDL-c: high
density lipoprotein; LDL-c: low density lipoprotein; TG: triglycerides; TC/HDL-c: Castelli Index I; LDL-c/HDL-c: Castelli Index Il; TG/HDL-c: es-
timative of LDL-c particle; hs-CRP: high sensitivity C reactive Protein.

(Table 3), however, hyperglycemic individuals presented the higher values of TC, TG, Castelli Index I and 1l
and alterations on the estimative of LDL-c particle. In this group, HDL-c levels were lower than those of indi-
viduals with glycaemia under 100 mg/dL. Both groups presented BMI above normal values supporting the con-
nection between obesity, DM and CVD as showed by other authors [17] [18]. Alterations in the lipid profile of
DM patients are common in the literature, although with inconsistent findings when comparing the different
fractions and components. High levels of TG, TC and LDL-c and low levels of HDL-c are normally associated
with DM when they are compared to non-diabetic subjects. The absence of differences in the lipid profile in our
study corroborates results obtained by Dongway et al. [6]. They studied a DM group and found higher TG and
hs-CRP values but no differences in the LDL-c and HDL-c levels. They also found high prevalence of obesity in
the DM group.

Our results also show increased values for biochemical and anthropometric profile as well as the presence of MS
in individuals classified as having high hs-CRP values (Table 4) but significance were only found for HDL-c,
TG and TG/HDL-c (estimative of LDL-c particle). As pointed before, the glucose intolerance that is commonly
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Figure 1. (a) Correlation between hs-CRP and BMI in hyperglycemic patients; (b) Correlation between hs-CRP and HDL-c
in hyperglycemic patients; (c) Correlation between hs-CRP and HDL-c in triglycerides patients; (d) Correlation between
hs-CRP and TG/HDL-c in hyperglycemic patients.
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Figure 2. Presence of Metabolic Syndrome in the patients according to the
hs-CRP levels (p-value = 0.115).

associated with obesity is also associated to the production of inflammatory biomarkers. The adipose tissue is
known as an endocrine organ related to the maintenance of metabolic homeostasis. Nevertheless it has an im-
portant role in the development of obesity-related comorbidities including Diabetes. In addition, many studies
show that hs-CRP independently, predicts vascular events and is related with MS and endothelial dysfunction [6]
[19]-[22]. Authors have shown that hyperglycemia and obesity, besides the relationship with inflammatory
processes, are also involved in the induction of oxidative stress. Hyperglycemia relates to inflammation and
oxidative stress due to the formation of advanced glycation products, which in turn, relate to the synthesis of IL-
6 and activation of macrophages. These products are formed when there is glycation of proteins, lipids and nucleic
acids, which can assist with the installation of oxidative stress and subsequent development of inflammatory and



S. M. Barbalho et al.

Table 4. Anthropometric and biochemical parameters in the subjects according to the hs-CRP.

Hyperglycemic Non-hyperglicemic
(n = 60/63.16%) (n = 35/36.84%)
hs-CRP (mg/dL) hs-CRP (mg/dL)
Parameter r pvalue r pvalue
BMI (kg/m?) 0.311 0.015 (A)® 0.258 0.134 (B)
WC (cm) 0.132 0.314 (A) 0.213 0.228 (A)
CT (mg/dL) 0.219 0.092 (A) 0.117 0.502 (A)
HDL-c (mg/dL) -0.247 0.049 (A) 0.008 0.962 (B)
LDL-c (mg/dL) 0.168 0.202 (A) 0.124 0.475 (A)
TG (mg/dL) 0.314 0.025 (A) 0.018 0.915 (B)
CT/HDL-c 0.026 0.842 (A) 0.185 0.286 (A)
TG/HDL-c 0.341 0.007 (A) 0.055 0.749 (B)
LDL-c/HDL-c 0.181 0.166 (A) 0.217 0.210 (A)

(1) Different letters indicate a significant difference between the treatments at a level of 5%. TC: total cholesterol; TG: triglycerides; HDL-c: high
density lipoprotein; LDL-c: low density lipoprotein; TG: triglycerides; TC/HDL-c: Castelli Index I; LDL-c/HDL-c: Castelli Index Il; TG/HDL-c: es-
timative of LDL-c particle; hs-CRP: high sensitivity C reactive Protein.

thrombotic processes. This may help to explain the close relationship of DM2 with CVD [23]. Besides, there are
several complex redundant biochemical pathways that may correlate or potentiate insulin resistance and chronic
inflammation, which are related to diabetes and CVD [24]-[28].

Biomarkers have been analyzed as potential CVD risk factors and can be considered in the clinical stratifica-
tion of these diseases. Authors have used CT/HDL-c, TG/HDL-c and LDL-c/HDL-c ratios as an additional tool
to assist in the assessment of cardiovascular risk. TG/HDL-c is an estimative of low density lipoprotein particle
and when this ratio is lower than 2 mg/dL, sdLDL-c indicates higher CVC risk, because they are weakly recog-
nized by LDL-c receptors and because they have greater susceptibility to peroxidation. The ratios CT/HDL-c
and LDL/HDL-c have normal values when respectively less than 4.4 and 2.9 [29]-[31]. HDL-c and TG levels
and sdLDL-c are independent risk factors for CVD [28]. Some authors show that increased levels of triglyceride
represent a predictor of sdLDL-c and the quality of the LDL-c is more important than only LDL-c levels
[32]-[35]. In our patients, no significant differences were observed in the hyperglycemic and non-hyperglycemic
groups for these three ratios but the individuals presenting elevated glucose levels tend to exhibit higher values
(Table 3). Similar comparison can be made with hs-CRP levels as observed in Table 4 where it is possible to
observe significant differences in HDL-c levels as well as in TG and the estimative of LDL-c particles. Figure 1
shows the correlation analysis with significant differences in the hyperglycemic groups. Alterations in the lipid
levels are considered as a key characteristic for DM individuals contributing significantly for the increase in the
risk of CVD. The abnormalities in the lipid metabolism may be related to the reduced action of insulin at the
tissues due to the peripheral resistance to this hormone [6] [36] [37].

Insulin mediates the uptake of free fatty acids muscle and adipose tissue. In the other hand, increased insulin
resistance leads to the increase of free fatty acids delivered to the liver. This induces to the overproduction of
very low density lipoprotein, with the clinical manifestation of hypertriglyceridemia and increase in the ex-
change of triglycerides to cholesterol ester from HDL-c and LDL-c, resulting in a higher catabolic rate of
HDL-c and conversion of LDL-c to sdLDL-c that is more vulnerable to suffer oxidation and is able to penetrate
the arterial wall contributing to the formation of atherosclerotic plaques [38] [39].

As all subjects of this study underwent arteriography, probably all of them have similar risks of CVD devel-
opment, but general data show that these risk factors tend to appear as higher values in hyperglycemic patients.
The number of patients may represent a limitation for our study. Besides, the evaluation of other inflammatory

O,
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mediators as TNF-¢, interleukin-1 and interleukin-6 could assist in other correlations analysis.

Diabetes patients have significant increase in morbidity and mortality than the general population frequently
due to further complications associated with the resistance to insulin. It is indispensable to outline the anthro-
pometric and biochemical profile from hyperglycemic patients because of the risk of heart disease in order to
work on secondary prevention. Our results show that in our group of patients undergoing arteriography, the
hyperglycemic subjects presented higher lipid and hs-CRP levels as well as higher chances to possess MS than
the subjects with normal glycaemia. Management and the improvement of these risk factors and changes in life-
style may provide better quality and consequently better life expectancy.
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