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Introduction

Cardiovascular diseases (CVD) remain the leading cause of death in 

the US despite the efforts in prevention and treatment [1]. Low plasma 

HDL cholesterol  (HDL-C) is consistently associated with increased 

risk of atherosclerotic disease [2]. In addition to the well defined role 

in reverse cholesterol transport, HDL has other protective functions. 

In healthy individuals HDL has anti-thrombotic[3], antioxidant [4] 

anti-inflammatory [5] and nitric oxide dependent vascular relaxation 

effects [6]. Individuals diagnosed with diabetes have low levels or 

impaired HDL metabolism [7]. Thus, the lack of these protective 

effects is one of the factors increasing their CVD risk.

Assessment of apolipoproteins, lipoprotein particle size and 

number allows a further characterization of CVD risk [8]. The 

phenotype Pattern B is described as a more atherogenic lipoprotein 

profile due to the higher proportion of plasma large VLDL which 

leads to the presence of smaller and denser LDL particles [9]. Small 

LDL particles are more prone to oxidation and to uptake by the 

arterial wall contributing to the progression of atherosclerosis [10]. 

Despite having plasma lipids within the normal range, people with 

atherogenic lipoprotein profile can be at increased CVD risk.

Atherosclerosis is characterized by chronic inflammation affecting 

the arterial intima [11]. Therefore certain cytokines and chemokines 

can be considered markers of CVD risk as well [12]. For instance, 

C reactive protein (CRP) is a marker of the inflammatory state 

associated with diabetes and CVD prediction [13]. CRP is synthesized 

mostly by the liver upon stimulation by tumor necrosis factor alpha 

(TNF-) and interleukin 6 (IL-6) [14]. CRP increases the endothelial 

cells production of adhesion and chemoattractant molecules, such as 

soluble intercellular adhesion molecule-1 (ICAM-1) [15] and monocyte 

chemotactic protein-1 (MCP-1) respectively [16]. These molecules 

are involved in the development of atherosclerosis [17]. In contrast, 

the adipokine adiponectin is associated with insulin sensitivity and 

reduced risk for atherosclerosis [18].

The prevalence of Type 2 diabetes (T2D) in Hispanics compared 

to non Hispanic whites was 11.6% and 6.9% respectively according 

to the National Health and Nutrition Examination Survey (NHANES) 

2003-2004 data [19]. T2D is linked with a 2 to 4-fold higher risk of 

CVD, as well as an increased risk of mortality by up to 3-fold [20]. 

Taking into account the high proportion of Latinos with diabetes and 

the higher CVD risk inherent to this disease, further characterization 

of this population is warranted. T2D is associated with dyslipidemia 

[21] (specifically high triglycerides and low HDL-C levels), with the

risk of endothelial dysfunction and with chronic inflammation
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Abstract

The purpose of this study was to determine whether low plasma HDL and high C reactive protein (CRP) concentrations 
would further increase cardiovascular disease (CVD) risk in Latinos with poorly controlled type-2 diabetes, already at 
high risk for CVD.  Subjects (n = 68) were grouped into High-HDL ( or 1.03 or 1.3 mmol/L) or Low-HDL (<1.03 or 
1.3 mmol/L) for men and women, respectively. Following classifi cation, risk factors for CVD including apolipoproteins, 
lipoprotein size and subfraction distribution were assesed. Similarly, participants were divided according to their CRP 
levels ( or < 3mg/L) and key infl ammatory markers as well as leptin and adiponectin were analyzed. The Low-HDL 

group had higher concentrations of the atherogenic particles, large and medium VLDL and the smaller LDL subfractions 

compared to the High-HDL group (p<0.001). Consistently, VLDL diameter was larger and LDL diameter smaller in 

the Low HDL group (p<0.001). The High-CRP group had larger waist circumference (p<0.001) and body mass index 

(p<0.001) than the Low-CRP group.  Leptin was also higher in the High- CRP group (p< 0.01). These data suggest that 

Latinos with type-2 diabetes having either Low-HDL or High-CRP concentrations are at a higher risk for atherosclerosis 

and CVD than their counterparts who have High-HDL or Low-CRP.  
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[22]. All these factors play a role in the increased atherosclerosis 

development in T2D patients. Characterizing the risk factors for CVD 

in Latinos diagnosed with T2D can assist with the development of 

more appropriate interventions.

We hypothesized that those Latinos with higher HDL-C or lower 

CRP would have lower risk for CVD and atherosclerosis. Thus the 

aims of this study were two-fold: 1) to determine whether plasma low 

HDL-C levels would be associated with a more atherogenic lipoprotein 

particle profile and therefore increased risk for atherosclerosis in 

Latinos with T2D and 2) to evaluate whether a higher inflammatory 

status, specifically high CRP levels, would further increase the risk 

factors for CVD in this Latino population.

Materials and Methods

This study was approved by the Institutional Review Boards of the 

University of Connecticut, Hartford Hospital, and the Hispanic Health 

Council. Baseline characteristics of anthropometrics, plasma lipids, 

diet and apolipoproteins were analyzed in 130 Latinos (96 women 

and 34 men) diagnosed with T2D at the time of enrollment in the 

Diabetes among Latinos Best Practices Trial (DIALBEST). This subgroup 

of 130 subjects was selected based on the order of enrollment and 

they were used for gender comparisons and traditional CVD risks 

factors analyses. DIALBEST, described elsewhere [23], is a parallel 

randomized longitudinal study with a peer counseling intervention 

to improve the management of T2D in this Latino population. The 

inclusion criteria consisted of: Latinos older than 21, diagnosed 

with T2D, residents of Hartford, CT, participants of “Amigos en 

Salud” program (“Friends in Health”) at Hartford Hospital and with 

a glycosylated hemoglobin (HbA1c)  7%. All participants signed an 

informed consent before enrollment. The study was conducted in 

the Hartford area and all survey data collection and fasting blood 

draws took place at the participants’ household by bilingual trained 

personnel.

Anthropometrics and blood pressure

Waist circumference (WC) was measured to the nearest 0.1 cm at 

the midpoint between the lowest rib and the iliac crest using a flexible 
tape over one layer of light clothes. Body weight was measured 
to the closest 0.1 kg on a calibrated digital scale with participants 
wearing light clothes. Height was measured to the closest 0.1 cm on 
a portable stadiometer/scale. Body mass index (BMI) was calculated 
by dividing weight in kg by the height in cm squared.  Blood pressure 
was measured on the left arm (unless contraindicated) using a 

manual sphygmomanometer, with the study participant in a sitting 
position following 5 min rest. All anthropometric and blood pressure 
measurements were collected in triplicate.

Diet, Physical Activity (PA) and medications

Bilingual trained personnel interviewed the participants to 
complete one 24-h dietary recall. This type of dietary assessment 

consists in reporting the intake of solids and liquids on the previous 
day. The dietary intake was analyzed using the Nutritional Data 
System for Research (NDSR) 5.0 (Minneapolis, MN). The diet data was 
entered by personnel with knowledge both in Spanish and nutrition. 

Physical activity (PA) was assessed using a self reported PA 
frequency questionnaire. The specific question from the questionnaire 
used to evaluate PA in the present study was whether they perform 

PA for at least 30 minutes on 5 or more days per week. 

Participants completed an extensive survey including open and 

close format questions. In our study, the hypoglycemic drugs and 

insulin data was obtained from two closed ended question: Are you 

currently taking diabetic pills? Or are you currently using insulin? 

The data for lipid-lowering medications was collected during 

the interview. Bilingual interviewers obtained medications lists 

by copying names and doses of drug directly from the bottles of 

medications in the home of participants.

Plasma Glucose and Glycosylated Hemoglobin (Hba1c)

Fasting blood was collected from the antecubital vein into 

EDTA and sodium fluoride-containing evacuated tubes. Plasma 

was separated by centrifugation at 2200 x g for 30 min. at 4°C and 

immediately transported with refrigeration by authorized personnel 

to the University of Connecticut to be stored at -80°C until analyzed. 

Fasting plasma glucose was measured on an automated lactate/

glucose analyzer (2300 STAT, YSI, Yellow Springs, OH). HbA1C was 

assessed at the participants’ household from capillary blood using 

a disposable point-of-care Metrika A1cNow device (Metrika Inc, 

Sunnyvale, CA) following manufacturer’s instructions. This kit is 

certified by the National Glycohemoglobin Standardization Program 

(NSGP)[24]. 

Plasma lipids

Aprotinin (0.5mL/100mL), sodium azide (0.1mL/100mL) and 

phenylmethylsulfonyl fluoride (0.1mL/100mL) were added to preserve 

the plasma. Plasma total cholesterol, LDL-C, HDL-C and triglycerides 

(TG) were measured by enzymatic methods [ 2 5 ]. The plasma HDL-C 

assay is based on the analysis of the cholesterol from the supernatant 

after apo B containing lipoproteins precipitation. LDL-C was 

calculated by the Friedewald equation [26].

Lipoprotein particle size and number

Nuclear magnetic resonance (NMR) analysis was performed on 

a 400-MHz NMR analyzer (Bruker BioSpin, MA, USA) as previously 

described [27]. Br iefly, lipoprotein subclasses of different sizes 

produce a distinct lipid methyl signal the amplitude of which is 

directly proportional to lipoprotein particle concentration. NMR 

simultaneously quantifies 30 lipoprotein subclasses that are 

empirically grouped into nine smaller subclasses based on particle 

diameters: large VLDL (60 nm), medium VLDL (27–35 nm), small 

VLDL (23–27 nm), intermediate-density lipoprotein (IDL), large LDL 

(21.2–23 nm), medium LDL (19.8–21.2), small LDL (18–19.8 nm), large 

HDL (8.8–13 nm), medium HDL (8.2–8.8 nm) and small HDL (7.3–8.2 

nm). Weighted average lipoprotein particle sizes were calculated 

based on the diameter of each lipoprotein subclass multiplied by its 

respective relative concentration [27]. 

Apolipoprotein s

Apolipoprotein (Apo) AI, Apo B, Apo CII, Apo CIII and Apo E were 

measured by duplicate using xMAP® technology on the Luminex® 
IS 200 system. The technique uses fluorescently labeled microsphere 
beads with antibodies to each individual apolipoprotein [28]. 

IL-6,  TNF-, CRP, adiponectin, leptin, insulin, sicam-1 and 
MCP-1

IL-6, TNF-, CRP, adiponectin, leptin, insulin, sICAM-1 and MCP-
1 were measured in duplicate using xMAP® technology on the 
Luminex® IS 200 system with antibodies to the each biomarker. The 
sensitivities for this assay were 1.6, 50.9, 85.4 and 0.14 pg/mL for 

IL-6, insulin, leptin, MCP-1 and TNF- respectively. Finally, for CRP, 
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sICAM-1 and adiponectin the sensitivities were 6, 9 and 56 pg/mL 

respectively. 

Statistical analyses

Data are shown as mean ± SD. Independent student’s t test 

was used when the data was normally distributed such as for 

HDL-C comparisons of dependent variables (lipoprotein particles 

number and size). When data was not normally distributed a non 

parametric test for independent samples was used. Thus, Mann-

Whitney test was used for gender comparisons of continuous 

variables (anthropometrics, plasma lipids, apolipoproteins and diet) 

and for CRP comparisons of dependent variables (leptin, IL-6, etc). 

Chi square was used for comparisons of categorical variables (gender 

and PA or CRP high or low and gender). Data were analyzed using the 

Statistical Program for the Social Sciences 15.0 (SPSS) for Windows 

(SPSS, Inc., Evanston, IL). Results were considered significant with 

Parameter Women ( n= 96) Men ( n = 34)

Age (years) 55.9 ± 11.3 56.3 ± 11.0

Height (m) 1.55 ± 0.7 1.66 ± 0.6*

Weight (kg) 82.60 ± 21.0 91.6 ± 23.0*

BMI (kg/m2) 34.3 ± 8.1 33.0 ± 7.4

WC (cm) 106.8 ± 16.0 109.7 ± 17.4

Self-reported physically active (%): 30 min of PA ≥ 5 times x week     32.3 61.8*

Systolic (mm Hg) 120.8 ± 15.4 120.9 ± 15.3

Diastolic (mm Hg) 68.3 ± 10.2 78.8 ± 9.6

Glucose (mmol/L) 10.9 ± 4.9 10.4 ± 4.0

HbA1C (%) 9.9 ±1.9 9.3 ±1.5

TC (mmol/L) 4.8 ± 1.2* 4.3 ± 1.1

LDL-C (mmol/L) 2.7 ± 1.1 2.3 ± 0.9

HDL-C (mmol/L) 1.3 ± 0.4* 1.2 ± 0.5

TG (mmol/L) 1.8  ± 1.0 1.8 ± 1.5

Apo B² (mg/L) 1517.4 ± 1188.2 1556.4  ±1024.0

Apo A-I² (mg/L) 1799.7 ±330.4 1687.7 ± 446.6

Apo A-II² (mg/L) 223.8  ± 89.3 230.8  ± 99.6

Apo C-II² (mg/L) 111.4 ± 50.8 116.7  ± 61.2

Apo C-III² (mg/L) 331.1  ± 202.8 356.1  ± 235.1

Apo E² (mg/L) 92.9  ±60.7 94.6 ±52.1

Statins (% of people prescribed) 55.2 52.9

Exogenous insulin (% of people prescribed) 54.3 41.2

Hypoglycemic drugs (% of people prescribed) 89.6 93.3

1Values are mean ± SD 
*signifi cantly different at P < 0.05 
**2n=49 women and n=19 men.

Table 1: Anthropometrics, physical activity, blood pressure, plasma glucose, HbA1C, plasma lipids and apolipoproteins of Latinos with T2DM1.

1Values are mean ± SD

*indicates signifi cantly different (P < 0.05)

Table 2: Dietary intake of Latinos diagnosed with T2DM obtained from a single 24-Hs recall1.

Parameter Women ( n= 93) Men ( n = 33)

Total energy (Kcal/d) 1462.3  ± 797.1 1600.5   ± 751.0

Total fat (g/d) 45.4 ± 31.0 54.6 ± 36.4

Total fat (% Energy)  28.2 ± 11.3 29.1 ± 12.7

Saturated fat (g/d) 15.0 ± 10 17.9 ± 15

Monounsaturated fat (g/d) 16.2 ± 11.2 20.5 ±15.0

Polyunsaturated fat (g/d) 10.4 ±10.4 11.3 ± 8.0

Trans Fatty Acids (g/d) 2.7 ± 2.9 2.5 ± 2.8

Omega-3 Fatty Acids (g/d) 1.0 ± 1.0 1.4 ± 1.4

Dietary Cholesterol (mg/d) 159.8 ± 146.9 261.0 ± 256.5

Total Carbohydrate (% Energy) 55.9 ± 15.1 52.4 ± 15.4

Total Carbohydrate (g/d) 207.1  ± 133.5 199.2  ± 89.9

Refi ned grains (servings/d) 2.0  ± 2.4 3.1  ± 2.9*

Glycemic Index (glucose) 61.6± 8.5 65.0± 6.8*

Glycemic Load (glucose) 119.1 ± 86.7 120.1 ± 52.6

Total fi ber (g/d) 14.1 ± 13.3 12.8 ± 8.6

Soluble fi ber (g/d) 3.7 ± 3.3 3.6 ± 3.2

Insoluble fi ber (g/d) 10.3 ± 11.2 8.5 ± 5.7

Total Protein (g/d) 59.1 ± 39.0 78.0 ± 56.7

Protein (% Energy) 16.6 ± 7.1 18.6 ± 7.0

Animal protein(g/d) 37.2 ± 29.8 57.1 ± 53.7
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Parameter High-HDL ( n= 32) Low-HDL ( n = 36)

Women (%) 45.8 54.2

Men (%) 58.8 41.2

Self-reported physically active (%): 30 min of PA ≥ 5 times x week 42.2 37.9

Alcohol (g/d) 0.04 ± 0.17 0.03 ± 0.09

Total Cholesterol (mmol/L) 4.89 ± 1.2 4.50  ± 1.2

Total triglycerides (mmol/L) 1.46 ± 0.9 2.03  ± 1.2*

VLDL diameter  (nm) 50.4 ± 12.0 51.4  ± 8.1

Total VLDL particles (mmol/L) 69.4  ± 49.4 97.0  ± 48.2*

Large VLDL  (mmol/L) 3.5  ± 4.7 7.4  ± 8.3*

Medium VLDL (mmol/L) 27.5  ± 21.5 47.1  ± 30.8*

Small VLDL (mmol/L) 38.4 ± 30.7 42.5 ± 21.0

IDL (mmol/L) 73.2 ± 74.9 56.3 ± 44.9

Total LDL (mmol/L) 2.62 ± 1.0 2.63  ± 1.2

LDL diameter (nm) 21.2  ± 1.0** 20.1  ± 0.7

Total LDL particles (mmol/L) 1150.3  ± 507.4* 1294.4  ± 416.7

Large LDL  (mmol/L) 404.8  ± 197.6** 202.8  ± 145.7

Medium Small LDL  (mmol/L) 137.6 ±104.4** 204.8  ± 90.9

Very Small LDL (mmol/L) 672.3 ± 527.0** 1035.2  ± 439.3

Total HDL-C (mmol/L) 1.46 ±  0.5** 0.99  ± 0.2

HDL diameter (nm) 9.2  ± 0.6** 8.7  ± 0.3

Total HDL particles (μmmol/L) 32.7  ± 6.2* 28.7  ± 5.1

Large HDL (μmmol/L) 8.6  ± 5.1** 3.9  ± 2.1

Medium HDL (μmmol/L) 6.2  ± 5.7 4.7  ± 4.6

Small HDL (μmmol/L) 17.9  ± 6.5 20.2  ± 6.6

Statins (% of people prescribed) 51.6 57.8

1Values are mean ± SD Values
*Signifi cantly different at P < 0.05
**Signifi cantly different at P < 0.001

Table 3: Total triglycerides, number and sizes of VLDL, IDL, LDL and HDL particles in Latinos diagnosed with T2DM according to plasma HDL-C levels: Low-HDL(<1.03 or 
<1.3 mmol/L for men and women respectively) or High-HDL (>1.03 or >1.3 mmol/L for men and women respectively)1.

1Values are mean ± SD Values
*Signifi cantly different at P < 0.05

**Signifi cantly different at P < 0.001

Table 4: Waist circumference (WC), weight, BMI, Apos, adiponectin, leptin, insulin, cytokines and chemokines in Latinos (men and women) diagnosed with T2DM according 
to CRP levels: High-CRP (> 3mg/L) or Low (< 3mg/L).

Parameter High-CRP1 ( n= 29) Low-CRP1 ( n = 35)

Women (%) 49.0 51.0

Men (%) 26.7 73.3

Self-reported physically active (%): 30 min of PA ≥ 5 times x week 26.1 73.9*

WC (cm) 114.6  ± 14.4** 101.5  ± 15.4

Weight (kg) 93.7 ± 23.0 78.3   ± 23.0

BMI (kg/m2) 37.6  ± 8.8** 30.5  ± 6.8

Adiponectin (mg/L) 3.9 ± 2.9 3.8  ± 3.0

Leptin (mg/L) 3.7 ± 2.0** 2.7 ± 2.6

Insulin (pg/mL) 134.2 ± 81.1 138.9 ± 162.8

CRP ( mg/L) 8.3 ± 6.4** 1.5  ± 0.9

TNF-α (μg/L) 5.4 ± 5.1 4.9 ± 2.9

IL-6 (pg/mL) 8.3  ±10.4 6.1 ± 5.2

MCP-1 (μg/L) 195.4 ± 79.1 166.1 ± 83.0

sICAM (μg/L) 259.0 ± 125.3* 201.6  ± 125

Statins (% of people prescribed) 48.3 57.1

Exogenous insulin (% of people prescribed) 48.3 55.9

Hypoglycemic drugs (% of people prescribed) 96.4 94.3
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a two-tailed p-value < 0.05. Pearson correlation coefficients were
used to determine the association between CRP and leptin and WC. 
For Pearson correlations, CRP was analyzed as the natural logarithm. 

Results

Anthropometrics , PA, plasma glucose and HbA1c are presented in 

(Table 1) Age, blood pressure, BMI, WC, plasma glucose and HbA1c 

were not different between men and women. Body weight was lower 

in women (82.6 ±21 kg) compared to men (91.6 ±23 kg) (p<0.05). 

However, all participants were obese based on their large BMI. A 

higher percentage of  men (63.0%) reported that  they perform PA for 

at least 30 minutes on 5 or more days a week as compared to  32.5% 

of women (p<0.05). High plasma glucose and Hb1Ac levels indicated 

poor glycemic control.

Plasma lipids, apolipoproteins and medication use are shown in 

Table 1

Women had higher plasma total cholesterol than men (4.8±1.2 

vs. 4.3±1.1 mmol/L, respectively; p<0.05) and higher plasma 

HDL-C (1.3±0.4 vs. 1.2±0.5 mmol/L, respectively; p<0.05). There 

were no differences between genders for plasma TG or for any of 

the apolipoproteins. Both women and men had high levels of Apo 

B (1515.4±1188.2 and 1556.4±1024.0 mg/L respectively) and high 

levels of Apo CIII (331.1±202.8 and 356.1±235.1 mg/L, respectively). 

There were no significant differences between women and men 

regarding statins prescription, hypoglycemic drugs or exogenous 

insulin use. 

Diet analysis: Total energy, macronutrients, total fiber (soluble 

and insoluble), total sugar, glycemic index and glycemic load, total 

cholesterol, saturated fat, TRANS fat, polyunsaturated fatty acids 

(PUFA) and monounsaturated fatty acids (MUFA) were analyzed 

(Table 2). There were no differences between men and women in 

macronutrient intake. Regarding food groups men consumed more 

refined grains servings per day (3.1±2.9) than women (2.0±2.4) 

(p<0.05). Consistently the glycemic index (glucose) was significantly 

higher in men (65.0±6.8) than women (61.6±8.5) (p<0.05). The 

glycemic load was high in both genders (119.1± 86.7 and 120.1 ± 

52.6 respectively). Additionally both women (14.1 ± 13.3 g/d) and 

men (12.8 ± 8.6 g/d) had low intakes of dietary fiber. 

The data analyses for lipoprotein particle size and number, 

apolipoproteins and cytokines were performed in a smaller 

subsample of the baseline DIALBEST trial. The rationale for the 

selection criteria was the order of enrollment, thus the first 68 

participants enrolled in DIALBEST were included. There were no 

differences in the anthropometric or plasma lipid characteristics of 

these 68 participants with the rest of the subsample in our study 

(data not shown).

Participants (n=68) were divided according to their plasma 

HDL-C levels into Low-HDL (<1.03 or <1.3 mmol/L for men and 

women, respectively) and High-HDL (1.03 or 1.3 mmol/L for men 

and women respectively) and the number and size of lipoproteins 

were analyzed (Table 3).  The Low-HDL group had higher TG, more 

total VLDL particles as well as large and medium VLDL than the High-

HDL group (p<0.05). Consistently, the Low-HDL group had smaller 

LDL diameter (p<0.001), higher concentrations of small LDL (P < 

0.0001) and lower number of the large LDL particles (p<0.001) than 

the High-HDL group. As expected, the Low-HDL group had a smaller 

HDL diameter than the High HDL group (p<0.001) as well as a lower 

number of the large and more protective HDL particles (p<0.001). 

Finally, by definition the Low-HDL group had a lower number of total 

HDL particles (p<0.05) and total HDL-C (p<0.00001) than the High-

HDL group. Interestingly, plasma LDL-C concentrations were not 

different between HDL groups emphasizing that low HDL-C is highly 

associated with atherogenic lipoproteins independent of plasma 

LDL-C. There were not differences on the percentage of people 

prescribed with statins between HDL groups.

Plasma cytokines: subjects (n=68) were divided by their chronic 

inflammatory status according to CRP levels: High-CRP ( 3mg/L) or 

Low-CRP (< 3mg/L). Latinos from the High-CRP group had larger WC 

(p<0.001) and higher BMI (p<0.001) than those in the Low-CRP group 

(Table 4). In addition, a positive correlation was found between WC 

and CRP levels (r = 0.49, p<0.05; Figure 1). These data support the 

association of adipose tissue with chronic low grade inflammation. 

Interestingly, only approximately ¼ of the men compared to ½ of 

the women were grouped in the High-CRP group. The percentage 

of people who reported to be more physically active was lower in 

the High-CRP group (26.1%) compared to the Low-CRP group (73.9%, 

p<0.05). Latinos in the High-CRP group had higher leptin levels 

Figure 1: Waist circumference positively correlates with plasma CRP in Latinos 

diagnosed with type 2 diabetes (r = 0.49, p < 0.05).

Figure 2: Plasma leptin positively correlates with plasma CRP in Latinos 
diagnosed with type 2 diabetes (r = 0.73, p < 0.05).
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(3.7±2.0 mg/L) than those in the Low-CRP group (2.7±2.6, p<0.001). 

In addition, there was a strong positive correlation between plasma 

leptin and CRP levels (r = 0.73, p<0.05; Figure 2). sICAM levels were 

significantly higher in the High-CRP group (259.0 ± 125.3 g/L) 

compared to the Low-CRP group (201.6±125 g/L, p<0.05). Lastly, 

by definition CRP levels were significantly higher in the High-CRP 

group (p<0.001). There were no differences on statin prescription, 

hypoglycemic drugs or exogenous insulin use between the High and 

Low CRP groups.

Discussion

In this study we have demonstrated that in Latinos diagnosed with 

type 2 diabetes, high HDL-C as well as lower concentrations of CRP 

appear to be somewhat protective in this population already at risk 

for CVD. Low concentrations of HDL-C as well as high concentrations 

of CRP were accompanied by other markers of increased CVD risk in 

this already challenged population. However these two conditions 

appear to be independent of each other because low HDL-C and high 

CRP or vice versa were not significantly correlated in this population. 

Participants with low HDL-C had higher concentrations of atherogenic 

lipoproteins and smaller HDL particles associated with less efficient 

reverse cholesterol transport. Meanwhile those with high CRP had 

more fat accumulated in the trunk area and higher concentrations 

of leptin and sICAM, a marker of atherosclerosis. These data suggest 

that both HDL-C at lower concentrations than the recommendations 

as well as high CRP are key markers of more advanced complications 

in subjects with type-2 diabetes. 

Gender comparisons for traditional CVD risks factors: 

anthropometrics, plasma lipids, apolipoproteins and dietary intake 

analysis

The cutoff point value by the NCEP ATP III to determine central 

adiposity is 88 cm and 102 cm for women and men respectively [29]. 

Mean waist circumference (WC) for women was 106.3 ±16.0 cm and 

109.7 ±17.4 cm for men, respectively. These data along with the 

BMI indicate that this Latino population is obese and that they have 

excessive central adiposity. The WC was not different between men 

and women. However, women were further off the 88 cm compared 

to the 102 cm for men suggesting a higher accumulation of trunk 

fat. Obese people tend to overestimate their PA when self reported 

data are used [30]. In agreement with their obesity rate, this Latino 

group might be more sedentary than what they have reported. 

The data indicate that men are more physically active that women, 

this is consistent with previous PA patterns reported in Latinos 

[31]. Approximately 62.3% of the participants were prescribed with 

medications to control blood pressure, such as beta blockers or 

angiotensin converting enzyme (ACE) inhibitors at enrollment. This 

might explain why the blood pressure fell within the normal range. 

The levels of plasma glucose from our study were slightly higher than 

those found in Hispanics with T2D [ADOPT study (8.5±1.7mmol/L) 

[32]; NHANES III (5.03±0.04mmol/L)  [33]. Along with the high 

HbA1c levels reported in our subjects, these data indicate poor T2D 

control in this Latino group. Women have higher HDL-C than men 

by definition and our data confirmed that fact. However, women 

with an HDL-C of 1.3± 0.4mg/dL were barely above the NCEP ATP 

III cutoff point for normal HDL-C ( 1.3mg/dL). Meanwhile men with 

1.2±0.5mg/dL were far above the normal cutoff point ( 1.03mg/

dL). This fact, in combination with the slightly higher plasma total 

cholesterol indicates that women might be at higher risk for CVD 

than men in these group of Latino participants.

We also analyzed dietary intake of study participants. The 
low number of  calories  suggests underreport from most of the 
participants, which is consistent with reported dietary assessment 
from obese people [34]. The macronutrient composition and 
cholesterol intake of this Latino population was in agreement with 
The United States Department of Agriculture (USDA). However, this 
population had low fiber intake, with moderate glycemic index and 
high glycemic load. Furthermore, trans fatty acid intake in this T2D 
group was higher than the 1% recommended by USDA. Neither the 
amount of dietary carbohydrate nor the glycemic load were different 
between men and women. 

Apolipoproteins are exchangeable between lipoproteins particles, 
except for apo B which remains in VLD-LDL particles [35]. There were 
no differences in the apolipoproteins between genders. The Apo AI, 
Apo B, Apo CII, Apo CIII and Apo E values reported in this study are 
consistent with those found in obese subjects in our laboratory [36]. 
The high levels of Apo B in this T2D group suggest the presence of 
small LDL particles consistent with a more atherogenic lipid profile or 
Pattern B as was confirmed by the high number of small LDL particles. 
Thus although LDL-C concentrations were within the normal range, 
there was a high number of small LDL particles. Apo CIII can impair 
VLDL lipolysis, through the inhibition of Apo CII and as a result the 
inhibition of lipoprotein lipase [37]. The high Apo CIII levels in these 
Latinos are related to a deregulation of TG metabolism.

In addition to the more pronounced dyslipidemias, women were 
less physically active and had higher central adiposity than men 
suggesting that in this population of diabetic individuals, women 
might be at a higher CVD risk. 

Plasma lipids in latinos diagnosed with T2D

The plasma lipids profile in T2D is characterized by low plasma 
HDL-C and very high triglycerides [38]. Plasma triglycerides reported in 
our study were slightly higher than the desirable 1.7mmol/L according 
to ATPIII guidelines [29]. However, the reported plasma HDL-C was 
within the normal range. Other studies in Latinos diagnosed with 
T2D reported lower HDL-C concentrations than those observed in 
the current study (1.1 ±0.1 and 1.2 ±0.04 mmol/L, respectively) 
[32,39]. One of the possible reasons for these differences could be 
that at least half of the participants in our study were prescribed 
with statins. Besides lowering LDL-C through the inhibition of 
hydroxymethylglutaryl coenzyme A reductase (rate limiting enzyme 
for cholesterol synthesis), statins may also affect plasma triglycerides 
and HDL [40]. Still the increases in HDL-C by statins are modest 
(4-12%) [41]. Even though the mean plasma lipids were apparently 

normal, when we divided the subjects into Low or High HDL-C levels, 
approximately half of them presented the type of dyslipidemia 
associated with T2D. Overall, in this subsample of Latino that seems 

to have plasma lipids within the normal range, there are individuals 
that might require a different therapeutic approach. 

Low HDL-C level is associated with a more atherogenic 
lipoprotein profile

Larger HDL has longer plasma half life and is more effective in 
reverse cholesterol transport [2]. The Low-HDL group had smaller 
HDL diameter and fewer number of the large HDL molecules. These 

data is consistent with HDL characteristics reported in diabetic 
subjects [21]. Thus, Latinos in the Low-HDL group might have 
impaired reverse cholesterol transport which places them at a higher 
CVD risk. Large VLDL carries more cholesterol esters than small VLDL. 
The secretion rate of larger VLDL is dependent on TG availability. As 
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expected by the higher TG levels, the Low-HDL group had more of the 
large and medium VLDL than the High-HDL group. After lipoprotein 
lipase action, large VLDL particles become small LDL particles [42]. 
Indeed, the Low-HDL group had smaller LDL particles.  Small dense 
LDL particles have been associated with higher risk of developing 
CVD [43]. Small LDL is considered more atherogenic because its 
decreased affinity to bind to the LDL receptor and its susceptibility 
to oxidative modification [27]. This modification increases the 
propensity for small LDL transport into the sub endothelial space and 
binding to the arterial proteoglycans [9]. Therefore, it is necessary 
to take into account the abnormalities in lipoprotein particles size 
in this subset of Latinos with T2D when evaluating CVD risk and 
potential treatments.

Surprisingly, there were no differences on the percentage of 
people prescribed with statins within High or Low-HDL groups. This 
could be explained because the main target of statins is lowering 
LDL-C [29] although a modest effect has been shown in HDL-C. In this 
specific group of Latinos with low HDL-C and high TG, treating only 
LDL-C levels might disregard significant excess risk for CVD. On the 
other hand, fibrates positively impact triglyceride metabolism and as 
a result HDL-C [44]. Fibrates are a peroxisomal proliferator activator 
receptors alpha (PPAR-) agonist that have good results at improving 
the dyslipidemia characteristic of T2D and the atherogenic lipoproteins 
particle size [45]. Interestingly, only 5% of the participants in this 
study were prescribed with fibrates, (data not shown) as compared to 
55% prescribed with statins. Thus, fibrates therapy might be helpful 
for Latinos with T2D with this atherogenic lipoprotein profile. The 
efficacy of using statins and fibrates combined is still not clear and 
it may depend of the different types of drugs or combinations used. 
Some studies reported that combination therapy has been effective 
at improving LDL size in people with T2D [46]. However, some recent 
randomized trials showed no further improvements in CVD risk by 
using the combined therapy over monotherapy [47,48]. Furthermore, 
combined therapy may increase the risk of myopathy.

Overall these data suggest that low HDL-C in this diabetic 
population is associated with higher concentrations of large and 
medium VLDL, smaller LDL and smaller less functional HDL. This is 
consistent with an atherogenic lipoprotein profile or pattern B. A 
change in life style, including weight management and better control 
of their disease may be beneficial to these Latino subjects with Low 
HDL-C to ameliorate their CVD risk. 

High inflammatory status increases CVD risk in latinos 
diagnosed with T2D

Low grade inflammation is a common feature in T2D subjects 
[22]. CRP is a well establish marker for CVD risk and inflammation 
[49]. CRP facilitates LDL uptake by macrophages and contributes 
to endothelial dysfunction [50]. CRP is produced mostly by the 
liver upon stimulation of IL-6 and TNF- [14]. Indeed, although not 
significant, there were higher levels of these cytokines in the High- 
CRP group. This study may have lacked statistical power to detect 
these differences. CRP increases the endothelial cells production 
of sICAM-1 [15] and MCP-1[16]. These molecules are involved in 
the development of atherosclerosis [17].  sICAM and MCP1 levels 
in the High-CRP group were consistent with those found in obese 
subjects in our Laboratory [51]. In our study Latinos in the High-CRP 
group had higher sICAM levels than the Low CRP. sICAM mediates 
the adhesion of mononuclear cells to the endothelium to enter in 
the sub endothelial space [52]. Overall, those with High CRP levels 
are at higher CVD risk as shown by increased levels on markers of 
atherosclerosis, such as sICAM.

Central obesity is one of the features associated with CRP, 
consistently in our study CRP levels positively correlates with WC. As 
expected those in the High-CRP group had higher WC and were more 
obese. Physical activity has been associated with reduction in CRP in 
patients with type 2 diabetes independent of weight loss [53]. Latinos 
in the Low-CRP group reported to be more physically active than 
those in the High-CRP group. Moreover being more physically active 
might prevent further body fat accumulation, which is associated 
with higher inflammatory status. Only ¼ of the men as compared to 
½ of the women were clustered in the High-CRP group. Coincidently, 
women had higher WC than men. Overall, central adiposity was 
closely linked to high CRP levels in these subjects.

Obese people tend to have high plasma leptin levels [54]. 
Indeed, Latinos in the high CRP group, which were also more obese, 
had higher leptin levels. Additionally in our study, plasma leptin 
positively correlated with plasma CRP levels. Our data suggest 
that this population could be leptin resistant. In vitro and in vivo 
experiments support the hypothesis that CRP can induce leptin 
resistance by binding to leptin and impairing its signaling [55]. 
Adiponectin was within the low range probably preventing the 
protective action of this adypokine. Adiponectin is associated with 
insulin sensitivity and with reduced risk for atherosclerosis [18]. 
Low adiponectin may impact plasma HDL-C, since adiponectin has 
been inversely correlated with HDL-apoA1 catabolism [56]. Plasma 
insulin was within the normal ranges and there were no differences in 
plasma insulin between groups. This could have been due to the high 
standard deviation because they were receiving exogenous insulin. 
Our assay did not differentiate between endogenous and exogenous 
insulin. Even though not significant, a higher number of Latinos from 
the Low-CRP group have been prescribed with statins and were using 
exogenous insulin. The pleiotropic effects of statins [57] and the 
anti-inflammatory effect of insulin [58] might have contributed to the 
differences in inflammatory status. In summary, the low adiponectin 
levels for all the Latinos might prevent the otherwise CVD protection 
from this adypokine. The high leptin levels in the High-CRP group 
suggest a derangement in energy balance metabolism as confirmed 

by the higher WC and higher number of obese individuals. 

Conclusions

Results from this study indicate that individuals with T2D and 
healthy HDL concentrations appear to be more protected against 
CVD risk as indicated by the lower number of atherogenic particles 
including large and medium VLDL as well as small LDL. In addition, 
LDL size in the high-HDL group is more representative of pattern A, 
associated with decreased risk for CVD. Similarly, individuals  having 

lower concentrations of CRP have a BMI that can be considered 
borderline overweight (30.5 kg/m2) compared to the high-CRP group 
(37.6kg/m2), which is in the upper range of obese. Further, leptin 
values in the low CRP group are not associated with leptin resistance. 
Although both low HDL and high CRP have been identified as factors 
associated with increased risk for CVD, data from this study clearly 

demonstrates that T2D subjects with normal HDL and CRP values 
might be more protected against atherosclerosis and heart disease.
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