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Background
Clinical and epidemiological studies 

have established that low high-density 
lipoprotein cholesterol (HDL-C) levels 
or hypoalphalipoproteinemia (HA) is a 
cardiovascular risk factor [1]. HDL-C 
concentrations are influenced by several 
modifiable and non-modifiable metabolic 
or environmental factors that include 
diet and regular aerobic exercise [2-4]. 

Hypoalphalipoproteinemia (HDL-C<40 mg/
dL) is a frequent dyslipidemia in the Mexican 
population and its prevalence (64.7%) is 
among the highest reported worldwide [5,6]. 
A study in an urban population suggested 
that this high prevalence could be related 
to the coexistence of hypertriglyceridemia 
(HTG), insulin resistance (IR), overweight, 
and smoking [7]. On the other hand, it has 
been proposed that, compared to body weight 
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Abstract

Background: High-density lipoprotein cholesterol (HDL-C) concentrations are determined by 
environmental and metabolic factors, but systemic inflammation markers had been less studied.

Aim: To evaluate the independent association of systemic inflammation markers to HDL-C 
concentration, considering the relative contribution of envioromental, and metabolic factors, in a 
well-characterized Mexican-Mestizo population.

Methods: We used logistic regression and linear regression analysis to assess the effect of 
inflammatory (high sensitivity C-reactive protein (hs-CRP), adiponectin, tumor necrosis factor 
alpha, interleukins 6, 10, 15, and 1β), environmental (diet and physical activity) and metabolic 
factors (triglyceride (TG) levels, insulin resistance, abdominal visceral fat) on HDL-C concentrations, 
in 907 adults (46.5% female, aged 52 ± 9 years), without diabetes, TG ≤ 600 mg/dL, and hs-CRP ≤ 
3 mg/L.

Results: We found hypoalphalipoproteinemia (HA: HDL-C ≤ 50 mg/dL in women and ≤ 40 mg/
dL in men) in 44.8% of women and 48.8% of men. Carbohydrate intake (standardized coefficient 
β: -0.109 and -0.142), TG (-0.280 and -0.418), and interleukin-1β (-0.156 and -0.159) were inversely 
and independently associated to HDL-C levels, whereas adiponectin had a positive effect on the 
lipoprotein concentrations (0.196 and 0.169) for women and men, respectively (p<0.05 for all). 
Conjointly, these variables explained 33% of the variance in HDL-C levels. 

Conclusion: The study confirms the strong association of TG and carbohydrate intake with HDL-C 
levels. In addition, the results highlight the relevance of inflammatory processes in HA, which is 
one of the most prevalent cardiovascular risk factors in the Mexican population.
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excess, abdominal visceral fat (AVF) could have a stronger 
association with adverse effects of obesity, including HA 
[8]. A modulating reciprocal link between HDL and 
inflammation has been described [9-13], suggesting 
that several inflammatory could be associated with 
HDL-C plasma levels. However, to our knowledge, no 
study has analyzed the relative contribution of systemic 
inflammation markers to HDL-C in multivariate 
models, considering enviromental and metabolic 
factors. Thus, the aim of the present study was to analyze 
the effect of inflammation markers (high sensitivity 
C-reactive protein (hs-CRP), adiponectin, tumor 
necrosis factor alpha (TNF-alpha), and interleukins 
(IL) 6,10,15 and 1β), as well as diet, physical activity, 
smoking, alcohol consumption, HTG, IR, and AVF on 
HDL-C concentrations and HA prevalence in a well-
characterized sample of Mexican-Mestizo population.

Materials and Methods
The Genetics of Atherosclerotic Disease study (GEA, 

for its Spanish initials) was designed at the National 
Institute of Cardiology Ignacio Chávez, Mexico City, 
to assess the genetic bases of coronary artery disease 
(CAD) and the association of traditional and emerging 
risk factors with atherosclerosis in the adult Mexican 
population. The GEA study includes a convenience 
sample of 1200 patients with premature CAD and a 
control group of 1500 individuals aged 30-75 years 
without personal or familial history of CAD, residing 
in Mexico City. The control group includes subjects 
who attend the blood bank at our institution and are 
not relatives of patients, as well as subjects invited 
through written materials. The Bioethics Committee 
of the National Institute of Cardiology Ignacio Chávez 
approved this study in accordance with the principles 
of the Declaration of Helsinki. Participating subjects 
signed an informed consent.

All participants answered standardized questionnaires 
providing information on demographics, familial and 
personal background history on cardiovascular risk 
factors, dietary habits, and physical activity, as well 
as alcohol, tobacco and medication use. For the aims 
of the present study, we selected subjects of the GEA 
study control group with TG ≤ 600 mg/dL, no history 
of diabetes mellitus (DM: defined as fasting plasma 
glucose ≥ 126 mg/dL, prior medical diagnosis, or 
antidiabetic treatment use), and no signs of low-grade 
systemic inflammation (hs-CRP ≤ 3 mg/L).

Anthropometric measures and blood pressure

Weight and height were recorded using a calibrated 

scale and wall stadiometer. The body mass index (BMI) 
was calculated as weight (kg)/height (m2). Blood 
pressure was recorded in triplicate using a Welch Allyn 
digital sphygmomanometer, after at least five minutes 
of rest in a sitting position. The average of the last two 
recordings was used for analysis.

Diet and physical activity

The subject’s habitual dietary intake was assessed 
using a food frequency survey [14]. The questionnaire 
included a list of 116 food items and specifications on 
portion sizes. Fat, protein, and carbohydrate intake 
was estimated using the previously validated program 
“System evaluation of nutritional habits and food 
intake” (SNUT) [15]. Physical activity was assessed 
using a questionnaire that provides information on 
frequency, duration and intensity of physical activity at 
work, during sport at leisure time, and during leisure 
time excluding sport [16]. The sum of activity during 
all three periods was recorded as total physical activity

Laboratory tests

After 10-h fasting and 20 min in sitting position, 
venous blood was collected in assay tubes without 
anticoagulant and in tubes with K2-EDTA (1.8 mg/
mL). Glucose, total cholesterol, triglyceride, and 
HDL-C levels were determined using direct standard 
enzymatic colorimetric (Roche/Hitachi, Germany) 
assays in a Hitachi 902 auto-analyzer (Hitachi LTD, 
Tokyo, Japan). Low density lipoprotein cholesterol 
(LDL-C) was estimated using the De Long formula. The 
reproducibility and precision of these determinations 
were assessed by the Center for Disease Control and 
Prevention Lipids Standardization Program (LSP-
CDC, Atlanta, GA, USA). Hs-CRP was quantified 
by immunonephelometry assay in a BN ProSpec 
automated analyzer (Dade Behring Marburg GmbH, 
Germany). Adiponectin was determined by ELISA 
(R and D systems, Minneapolis USA, Quantine Kit). 
Interleukins (IL-1β, IL-6, IL-10, IL-15, and TNF-
alpha) were quantified using a high sensitivity Bio-Plex 
system (Bio-Rad Inc, Hercules, CA, USA). Insulin 
was quantified by radioimmunoassay (Millipore RIA, 
St Charles, MO, USA) and insulin resistance was 
estimated using the homeostasis model assessment 
(HOMA-IR = insulin (UI/mL) × glucose (mmol/L) / 
22.5) [17].

Computed tomography (CT) study

Abdominal total fat (ATF) and AVF areas were 
derived from measurements obtained by computed 
tomography. The abdominal subcutaneous fat (ASF) 
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area was estimated as the difference between ATF 
and AVF, according to the method described by Kvist 
et al. [18]. Abdominal CT scans were taken at the 
L4-L5 intervertebral space level, with a 64-channel 
multidetector tomograph (Somatom Sensation, 
Siemens, Forchheim, Germany) and interpreted by an 
expert radiologist.

Definitions

Percentiles for HOMA-IR, AVF, IL-1β, adiponectin, 
and sport physical activity were established in a 
subsample of the GEA control group (127 men and 169 
women) without DM, and without cardiometabolic 
risk factors, namely BMI<30 kg/m2, blood pressure 
<140/90 mmHg, fasting glucose <100 mg/dL, HDL-C 
>40 mg/dL in men and >50 mg/dL in women, and 
triglyceride levels <150 mg/dL. High HOMA-IR 
(>3.58 in women and >3.12 in men), AVF (>127 cm2 in 
women and >152.7 cm2 in men), and IL-1β (>0.19 pg/
mL in women and >0.27 pg/mL in men) were defined 
as levels ≥ 75th percentile (p75). Low adiponectin (≤ 
8.67 μg/mL in women and ≤ 5.30 μg/mL in men) and 
sport physical activity (<1.75 in women and <2.25 in 
men) were defined as levels ≤ 25th percentile (p25).

Statistical analysis

Measurements are presented as mean ± standard 

deviation (S.D.), median (interquartile range) or 
prevalence. Comparisons were made by t, U Mann–
Whitney or Chi-squared test, as appropriate. To assess 
the independence of associated variables with HA, 
we used logistic regression analysis. Additionally, to 
determine the relative contribution of each independent 
variable, we performed stepwise linear regression analysis 
including HDL-C as dependent variable, and IL-1β, 
adiponectin, HOMA-IR, triglycerides, abdominal 
visceral fat, carbohydrate intake, sport physical activity, 
smoking, and age as independent variables. Variables 
with skewed distribution were log-transformed. p values 
<0.05 were considered statistically significant. Analysis 
was performed using the statistical package SPSS v15.0 
(SPSS Chicago, II, USA).

Results
The present study included 907 subjects (46.5% 

female, aged 52 ± 9 years). The HA prevalence was 
46.9% (44.8% in women and 48.8% in men; p=ns). 
Compared to subjects without HA, those with HA 
showed an adverse metabolic profile, characterized by 
high total and abdominal adiposity, as well as high 
levels of TG and HOMA-IR (Table 1). Regarding 
inflammation markers, subjects with HA had higher 
levels of hs-CRP, IL-15, and IL-1β, but significantly 
lower values of adiponectin (Table 2). After adjusting 

Table 1. Clinical characteristics of GEA-study control subjects stratified by HA

Total population
n = 907

HA (-)
n = 481

HA (+)
n = 425

p*

Men (%) 53.4 51.6 55.5 ns
Age (years) 52.3 ± 9.3 53.3 ± 9.3 51.2 ± 9.2 0.001
SBP (mmHg) 115.6 ± 16.4 115.8 ± 16.3 115.4 ± 16.6 ns
DBP (mmHg) 72.0 ± 9.4 71.8 ± 9.4 72.1 ± 9.3 ns
BMI (kg/m2) 27.6 ± 3.8 26.9 ± 3.9 28.4 ± 3.6 <0.0001
Waist (cm) 92.9 ± 11.1 90.8 ± 11.1 95.4 ± 10.5 <0.0001
TAF(cm2) 413(329-502) 393(304-491) 428(359-524) <0.0001
AVF (cm2) 139(101-181) 122(89-172) 152(120-191) <0.0001
ASF (cm2) 267(199-330) 259(193-326) 275(210-335) <0.05
TC (mg/dL) 192.3 ± 35.0 199.3 ± 34.0 184.2 ± 34.5 <0.0001
LDL-C (mg/dL) 118.0 ± 30.3 120.5 ± 30.5 115.2 ± 29.9 <0.01
HDL-C (mg/dL) 46.9 ± 13.7 56.2 ± 11.5 36.4 ± 6.6 <0.0001
TG (mg/dL) 144(106-196) 122(92-158) 178(131-236) <0.0001
Glucose (mg/dL) 89.5 ± 8.8 88.8 ± 8.8 90.2 ± 8.8 <0.05
Insulin (µU/mL) 16.0(11.5-22.0) 14.1(10.4-20.1) 18.2(13.5-24.6) <0.0001
HOMA-IR 3.4(2.5-5.0) 3.0(2.2-4.4) 3.9(2.9-5.5) <0.0001
GEA: Genetics of Atherosclerotic Disease study, HA: Hypoalphalipoproteinemia (HDL-C ≤ 50 mg/dL in women or HDL-C ≤ 40 mg/
dL in men). Data are expressed as mean ± S.D. or median (interquartile range). SBP: systolic blood pressure, DBP: diastolic blood 
pressure, BMI: body mass index, TAF: total abdominal fat, AVF: abdominal visceral fat, ASF: abdominal subcutaneous fat, TC: total 
cholesterol, LDL-C: low density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, TG: triglycerides, HOMA-IR: 
homeostasis model assessment of insulin resistance.
* t-Student or Mann-Whitney U test according to variable distribution.
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54.5%, p<0.05) were found in men, whereas prevalence 
of IL-1β>p75 was higher in women (49.2% vs. 37.7%, 
p < 0.05). 

Gender specific logistic regression analyses were 
used to assess whether HA was associated with 
environmental and/or metabolic factors (Figure 1). 
Hypertriglyceridemia, IL-1β>p75, adiponectin < p25, 
and physical activity during sport <p25 increased the 
risk of HA for men and women. Abdominal visceral fat 
>p75 in women (Figure 1A) and carbohydrate intake 
>55% in men (Figure 1B) were also associated with HA. 
Linear stepwise regression analysis was used to estimate 
the magnitude of each variable’s effect (Table 4). This 
analysis showed that TG, inflammation markers, and 
carbohydrate intake were the major determinants of 
HDL-C levels for men and women, whereas age and 
abdominal visceral fat were significantly associated to 
HDL-C only in women. Of note, Table 4 shows that 
compared to women, TG had a higher impact on HA 
in men, whereas inflammation was associated stronger 
with this dyslipidemia in women. Conjointly, these 

inflammatory marker values for age, BMI, and 
HOMA-IR, only mean values (CI95%) of IL-1β 
(HA(-): 0.24(0.07-0.11) vs. HA(+): 0.52(0.34-0.70), 
p = 0.03) and adiponectin (HA(-): 11.8[11.2-12.5] vs. 
HA(+): 8.6[7.9-9.3], p <0.0001) remained statistically 
significant.

Regarding environmental factors (Table 3), we found 
that compared to subjects without HA, those with 
HA had significantly higher intake of carbohydrates, 
including simple (21.9 ± 6.8% vs. 23.5 ± 7.0%, 
p<0.0001) and complex (30.8 ± 7.7% vs. 31.8 ± 
7.1%, p = 0.06). On the other hand, protein and fat 
intake was significantly lower in the HA group; lower 
saturated (10.0 ± 2.2% vs. 9.6 ± 2.2%, p < 0.01) and 
monounsaturated (14.7 ± 3.5% vs. 13.5 ± 3.0%, p < 
0.0001) fat intake was noteworthy in this group. Total 
physical activity at work, sport, and leisure time, as well 
as alcohol consumption, were lower in the HA group.

When HA subjects were compared by sex, higher 
prevalences of HTG (72.5% vs. 55.0%, p < 0.0001), IR 
(62.4% vs. 52.4%, p<0.05), and AVF>p75 (64.9% vs. 

Table 2. Inflammatory markers in GEA-study control subjects stratified by HA

Total population
n = 907

HA (-)
n = 481

HA (+)
n = 425

p*

hs-CRP (mg/L) 1.0(0.6-1.7) 1.0(0.6-1.7) 1.2(0.8-1.7) 0.001
TNFα (pg/mL) 0.56(0.03-1.80) 0.56(0.04-1.59) 0.56(0.02-2.03) n.s.
IL-15 (pg/mL) 1.51(0.50-2.86) 1.29(0.33-2.39) 1.93(0.76-3.49) <0.0001
IL-1β (pg/mL) 0.17(0.09-0.29) 0.14(0.05-0.25) 0.20(0.13-0.33) <0.0001
IL-6 (pg/mL) 0.86(0.40-1.67) 0.81(0.39-1.57) 0.97(0.41-1.87) n.s.
IL-10 (pg/mL) 0.46(0.26-0.98) 0.47(0.29-0.95) 0.45(0.23-1.09) n.s.
Adiponectin (µg/mL) 8.3(5.2-13.17) 10.1(6.4-15.4) 6.5(4.3-10.0) <0.0001
GEA: Genetics of Atherosclerotic Disease study, HA: Hypoalphalipoproteinemia (HDL-C ≤ 50 mg/dL in women or HDL-C ≤ 40 mg/
dL in men). Data are expressed as median (interquartile range), hs-CRP: high sensitivity C-reactive protein, TNF: tumor necrosis 
factor alpha, IL: interleukin. *Mann-Whitney U test.

Table 3. Diet, physical activity, smoking, and alcohol use in GEA-study control subjects, stratified by HA

Total population
n = 907

HA(-)
n = 481

HA(+)
n = 425

p*

Total kcal 2325 ± 699 2299 ± 704 2347 ± 689 n.s.
Protein (%) 13.9 ± 2.3 14.2 ± 2.4 13.6 ± 2.2 <0.0001
CHO (%) 53.8 ± 6.9 52.6 ± 6.9 55.1 ± 6.6 <0.0001
Fat (%) 32.3 ± 5.9 33.2 ± 6.1 31.3 ± 5.6 <0.0001
Work PA 2.8 ± 0.6 2.8 ± 0.6 2.8 ± 0.6 n.s.
Sports PA 2.4 ± 0.7 2.5 ± 0.7 2.3 ± 0.7 <0.0001
Leisure PA 2.7 ± 0.6 2.8 ± 0.6 2.7 ± 0.6 <0.05
Total PA 7.9 ± 1.2 8.1 ± 1.2 7.8 ± 1.2 0.001
Smoking (%) 23.2 21.4 25.4 n.s.
Alcohol (%) 77.1 79.8 74.1 <0.05
GEA: Genetics of Atherosclerotic Disease study. Data are expressed as mean ± S.D., or frequencies for categorical variables. HA: 
Hypoalphalipoproteinemia (HDL-C ≤ 50 mg/dL in women or HDL-C ≤ 40 mg/dL in men). PA: physical activity. CHO: carbohydrate 
intake
* t-Student or chi-square test according to variable category. 
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Table 4. Linear regression analysis of variables associated to HDL-C by gender

β standardized β partial R2 P

Women
Ln TG (mg/dl) -10.1 -0.280 0.188 <0.0001
Ln Adipo (µg/ml) 4.4 0.196 0.064 <0.0001
Ln IL-1β (pg/ml) -1.7 -0.156 0.027 0.001
Age (years) 0.3 0.206 0.022 <0.0001
Ln AVF (cm2) -4.8 -0.138 0.015 <0.01
Carbohydrates (%) -0.23 -0.109 0.011 <0.05

Men
Ln TG (mg/dl) -9.2 -0.418 0.267 <0.0001
Ln Adipo (µg/ml) 2.8 0.169 0.031 <0.0001
Ln IL-1β (pg/ml) -1.5 -0.159 0.018 <0.0001
Carbohydrates (%) -0.22 -0.142 0.019 0.001
TG: triglycerides, Adipo: adiponectin, IL-1β: interleukin 1β, AVF: abdominal visceral fat.

Research ArticleInflammasome activation markers are independently associated with hypoalphalipoproteinemia in a Mexican-
Mestizo population

Figure 1: Multivariate analysis of variables associated with HA: Hypoalphalipoproteinemia (HDL-C ≤ 50 mg/dL in women or HDL-C ≤ 
40 mg/dL in men). HTG: fasting triglycerides ≥ 150mg/dL, CHO´s: Dietary carbohydrates. Percentile 75 (p75) values of IL-1β, HOMA-
IR and AVF, correspond to: 0.19 pg/mL, 0.27 pg/mL, 3.66, 3.38 and 122 cm2, 151.5 cm2, for women and men, respectively. Percentile 
25 (p25) of adiponectin (ADIPO) and sport physical activity [PA], correspond to 8.0 µg/mL, 5.3 µg/mL and 1.75, 2.25, for women and 
men, respectively.
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variables explained 33% of the total variance in HDL-C 
levels for both genders.

Discussion
The present study analyzed the impact of metabolic 

and environmental factors on HDL-C concentrations 
in a Mexican-Mestizo population without clinical 
evidence of diabetes mellitus or cardiovascular disease. 
The results showed that TG, IL-1β, and carbohydrate 
intake were independently and inversely related to 
HDL-C levels, whereas adiponectin had a direct 
effect on HDL-C in men and women. These variables 
explained 33% of the total HDL-C variance. To 
our knowledge, this is the first study that considers 
biochemical variables, body composition, diet, and 
physical activity, in a multivariate model, to evaluate 
their individual and relative contribution to HDL-C 
levels. The main contribution of the present study is 
documenting that, independently of adiposity and 
insulin resistance, systemic inflammation markers are 
associated with HDL-C. Additionally, results broaden 
current information by analyzing the specific effect of 
abdominal visceral fat on HDL-C. 

Two epidemiological studies, performed in 
representative populations of Mexican adults in whom 
fasting plasmatic lipid and lipoprotein levels were 
quantified, report mean concentrations of HDL-C of 
38 mg/dL [6,7], which are lower than those reported 
in the present study (46.9 ± 13 mg/dL). These results 
may be explained, at least partially, by the selection 
criteria of the studied populations. Compared to 
our sample, which included adults without family 
or personal history of cardiovascular disease and 
no evidence of diabetes or inflammatory processes 
(hs-CRP ≤ 3mg/dL), the previous reports included 
open populations in which the presence of the above 
mentioned cardiovascular risk factors could account for 
lower HDL-C concentrations. The cut-off points on 
HDL-C levels to define HA have not been determined 
consistently or gender specifically. Considering a cut-
off point of 35 mg/dL, Aguilar-Salinas et al. [7] found 
HA in 48.4% of the urban population studied (58.8% 
in men and 40.8% in women). Barquera et al. [6] used 
a cut-off point of 40 mg/dL and reported HA in 64.7% 
of men and 61.4% in women. The present study found 
that age adjusted HDL-C mean concentration shows 
significant differences (p < 0.0001) between men (42.4 
± 0.6 mg/dL) and women (52.4 ± 0.6 mg/dL); which 
suggests that a single cut-off point use for both genders 
may lead to an incorrect estimation of the prevalence 
of HA. Accordingly, we used the proposed American 

Diabetes Association cut-off point (40 mg/dL in men 
and 50 mg/dL in women) [19]. We found low HDL-C 
levels in 48.8% and 44.8% of men and women, 
respectively. These results confirm a high prevalence of 
low HDL-C levels in the adult Mexican population, 
even in subjects without important associated 
cardiovascular risk factors. 

Regarding the modifiable factors associated to HA, it 
has been suggested that high simple carbohydrate and 
limited fat intake, scarce physical activity, and smoking 
contribute to the low levels of HDL-C found in our 
population [6,7]. However, these previous studies did 
not analyze the effect of physical activity, diet and VAF 
on HDL-C concentrations. The present study shows 
that unlike smoking, carbohydrate and saturated fat 
intake and physical activity are associated to HDL-C 
levels in univariate models (Table 2). Additionally, 
logistic regression analysis showed that scarce physical 
activity (<p25) in men and women, and high total 
carbohydrate intake (>55%) in men accounted for up 
to twofold increases in the risk for HA (Figure 1). On 
the other hand, the multivariate linear regression model 
showed that total carbohydrate intake is inversely and 
independently associated to HDL-C levels (Table 3), 
suggesting the important participation of this dietary 
component in the modulation of HDL-C levels in our 
population. It has been suggested that this association 
is related to the effect of carbohydrates on the secretion 
of triglyceride-rich lipoproteins (very low-density 
lipoproteins VLDL) [7].

Aguilar-Salinas et al. report that hypertriglyceridemia 
and insulin resistance are found together with low 
HDL-C levels in 60% of cases [7]. Results of the 
present study confirm this finding and broaden the 
information by showing that, independently of other 
metabolic and environmental factors, TG levels were 
the strongest variable associated to HDL-C levels, 
explaining 19% and 27% of its variance in women and 
men, respectively. The inverse relationship of TG and 
HDL-C levels has been extensively described [20] and 
it has been posited that IR plays an important role in 
this association. Insulin resistance, mainly associated 
with adiposity excess [20,21], is associated with hepatic 
overproduction of VLDL as well as with an increase 
in cholesteryl ester transfer protein and hepatic lipase 
(HL) activity. This promotes higher HDL renal 
clearance and, hence, decreases circulating HDL-C 
[21]. In contrast to the above-mentioned suggestion, 
results of the present study indicate that IR does not 
seem to participate directly in the HDL-C regulation 
of the studied population. Abdominal visceral fat was 
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inversely and independently associated with HDL-C 
only in women (Table 3 and Figure 1). Furthermore, 
analysis of TG level determinants (the strongest factor 
association with HDL) revealed that AVF, inflammation 
markers (adiponectin and IL-1β), and carbohydrate 
intake, but not HOMA-IR, explained 28% of the TG 
variance (data not shown). These results suggest direct 
participation of dietary composition, excess adiposity 
and inflammation on the HDL-C regulation in 
Mexican population. 

In line with our results, other reports have shown that 
HDL-C levels are positively associated with adiponectin 
[9,22-24] beyond adiposity [23,25] and insulin 
resistance [24,26]. Data supporting these observations 
indicate that there is a significant inverse association 
between adiponectin levels and HL activity, independent 
of insulin and BMI in subjects with or without type 
2 DM [27]. Additionally, another study showed that 
adiponectin increases lipoprotein lipase activity (LPL) 
[28], an enzyme that participates in the chylomicrons 
and VLDL hydrolysis, promoting TG clearance and 
lower TG plasma concentrations. The adiponectin 
effect on HL and LPL may decreases renal clearance 
of HDL. On the other hand, studies in cellular and 
animal models have shown that adiponectin can activate 
the peroxisome proliferator-activated receptor alpha 
(PPAR-alpha), leading to increase in apolipoprotein A-I 
hepatic production. In macrophages and hepatocytes, 
adiponectin activates the liver X nuclear receptor and 
stimulates expression of the ATP-binding cassette 
transporter (ABCA1) [29], which favor cholesterol 
efflux and HDL synthesis [30]. Collectively considered, 
these findings suggest that adiponectin increases the 
synthesis and decreases HDL clearance, which suppoarts 
the findings reported in epidemiological studies [6,7], as 
well as in the present study. 

Besides promoting cholesterol efflux, HDL has anti-
inflammatory and antioxidant properties, exerts anti-
platelet aggregation function, and favors nitric oxide 
production in the vascular endothelium [10]. In regards 
to anti-inflammatory properties, it has been reported 
that HA is frequently observed in autoimmune diseases 
[10]. Interleukin 1β, one of the end products of the 
NLRP3 inflammasome complex (NOD-like receptor, 
pyrin domain containing 3) [31], is mainly produced 
by macrophages, but also by endothelial and smooth 
muscle cells, in response to proinflammatory signals that 
activates inflammasome [12]. Recently, experimental 
findings have shown that HDL can inhibit the synthesis 
of some components of NLRP3 inflammasome and 
thus reduce IL-1β production; although the exact 

mechanisms of this process remains unclear [11,12], 
our findings support for the first time the independent 
and inverse association of IL-1β with HDL-C in an 
epidemiological study. 

This study has several strengths. First, the distribution 
of body fat was measured by computed tomography, 
which is a specific and reliable method to quantify 
abdominal visceral fat (AVF). Thus, it was possible to 
assess the influence of AVF on HDL-C, beyond clinical 
anthropometry. Second, multivariate analysis included 
physical activity, caloric intake, body composition, 
and inflammation markers, which are known to affect 
HDL-C levels and have not been analyzed together in 
previous studies. Among the study limitations, it should 
be mentioned that because this is a cross-sectional 
design we could not infer causality from the results. 
Moreover, it was not possible to measure multimeric 
forms of adiponectin, which are critical determinants 
of IR. Nevertheless, because circulating levels of 
multimeric adiponectin have been reported to show 
a strong correlation with total adiponectin circulating 
levels (r=0.95, p<0.0001) [32], the associations 
observed here would be expected to be similar. Finally, 
although insulin resistance was estimated using the 
homeostasis model assessment, which is a surrogate 
marker of IR, it is a better suited for large population 
studies. Moreover, this algoritm does correlate with 
results of the euglycemic clamp technique, the gold 
standard for assessing IR [33].

Conclusion
Results of the present study show that in addition 

to carbohydrate intake and TG, inflammation markers 
such as IL-1β and adiponectin, were independently 
associated to HDL-C levels in Mexican-Mestizo 
subjects. Although causality in these findings must 
be confirmed by prospective studies, our results are 
significant since they draw attention, for the first time, 
to the importance of inflammatory processes in HA, 
which is one of the most prevalent cardiovascular risk 
factor in Mexican population.
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Executive summary

Background: High-density lipoprotein cholesterol (HDL-C) concentrations are determined by environmental and metabolic 
factors, but systemic inflammation markers had been less studied.

Aim: To evaluate the independent association of systemic inflammation markers to HDL-C concentration, considering the relative 
contribution of envioromental, and metabolic factors, in a well-characterized Mexican-Mestizo population.

Methods: We used logistic regression and linear regression analysis to assess the effect of inflammatory (high sensitivity C-reactive 
protein (hs-CRP), adiponectin, tumor necrosis factor alpha, interleukins 6, 10, 15, and 1β), environmental (diet and physical activity) 
and metabolic factors (triglyceride (TG) levels, insulin resistance, abdominal visceral fat) on HDL-C concentrations, in 907 adults 
(46.5% female, aged 52 ± 9 years), without diabetes, TG ≤ 600 mg/dL, and hs-CRP ≤ 3 mg/L.

Results: We found hypoalphalipoproteinemia (HA: HDL-C ≤ 50 mg/dL in women and ≤ 40 mg/dL in men) in 44.8% of women 
and 48.8% of men. Carbohydrate intake (standardized coefficient β: -0.109 and -0.142), TG (-0.280 and -0.418), and interleukin-1β 
(-0.156 and -0.159) were inversely and independently associated to HDL-C levels, whereas adiponectin had a positive effect on the 
lipoprotein concentrations (0.196 and 0.169) for women and men, respectively (p<0.05 for all). Conjointly, these variables explained 
33% of the variance in HDL-C levels. 

Conclusion: The study confirms the strong association of TG and carbohydrate intake with HDL-C levels. In addition, the results 
highlight the relevance of inflammatory processes in HA, which is one of the most prevalent cardiovascular risk factors in the 
Mexican population.
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