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ABSTRACT

The aim of this cross-sectional study was to evaluate the use and application of the atherogenic index of plasma (AIP) in the pre-
diction of cardiovascular risk factors including mixed hyperlipidemia, hypertension, hyperuricemia, and metabolic syndrome in a
population of young Mexican adults. Values were obtained for metabolic parameters, such as glucose, triglycerides, cholesterol
(total, high-density, low-density, and very low density), systolic and diastolic blood pressure, and uric acid. Through univariate
and multivariate analysis, parametric comparisons were applied and receiver operating characteristic curves were plotted. Logistic
regression analysis was used to assess the risk of hyperuricemia, hypertension, mixed hyperlipidemia, and metabolic syndrome
from a high AIP. Metabolic parameters and AIP had a significant correlation, with higher rates observed with increased AIP. As a
set, metabolic parameters increased with an AIP >0.21 (A Wilks =0.58, F(14,344) =7.7, P< 0.0001). The area under the
curve was statistically significant for prediction of hyperuricemia (0.6), mixed hyperlipidemia (0.9), hypertension (0.8), and meta-
bolic syndrome (0.95). In conclusion, in a sample of young Mexican adults, AIP was strongly associated with cardiovascular risk

factors and could serve as a useful marker for the prediction of metabolic alterations related to cardiovascular disease.
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he atherogenic index of plasma (AIP) is the loga-

rithmically transformed ratio of triglycerides and

high-density lipoprotein cholesterol (HDL-C). This

index has been studied as a biomarker of the smaller
and denser low-density lipoprotein (LDL) molecule' and car-
diovascular risk.”> AIP corrected the normative distribution
that showed a correlation with smaller LDL particles and an
increase in fractional esterification rate." It was later shown
to be consistent with the phenotype of LDL-C and HDL-C
particles. Hypoalphalipoproteinemia and hypertriglyceride-
mia induce an increase in the percentage of small HDL-C
particles, as well as small and dense LDL-C particles, which
indicates that the simultaneous use of triglycerides and
HDL-C in the AIP reflects the complex interactions of the
lipoprotein metabolism as a whole and may be useful in the
prediction of plasma atherogenicity.‘%’4 In this study, we eval-
uated the utility of AIP as a predictor of cardiovascular risk
mixed hyperlipidemia, hypertension,

factors such as

hyperuricemia, and metabolic syndrome in a population of
young Mexican adults.

METHODS

A cross-sectional study was carried out in the department
of biochemistry of the School of Medicine of the Benemérita
Universidad Auténoma de Puebla in Mexico. Apparently
healthy young Mexican adults were enrolled from July 2011
to May 2018. The inclusion criteria were half-blood
Hispanic-Americans by birth; an age of 18 to 22 years; no
family history of chronic and metabolic diseases for first-gen-
eration relatives; no previous history of hospitalization for
the previous year or diagnosis of chronic diseases; and no
present or recent (6-month) use of pharmacological treat-
ments. Exclusion criteria included having fasting times <12
h, a diagnosis of a metabolic disorder within the previous
year, smoking, and hemolyzed or lipemic blood samples.
Enrollment in the study was voluntary.
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Anthropometric measures and body composition parame-
ters (weight, height, waist circumference) were taken by a
certified anthropometrist in compliance with International
Society for the Advancement of Kinanthropometry standards
of measurement. Clinical assessment was done by a certified
physician, who also measured blood pressure and obtained a
peripheral blood sample by venipuncture. Glucose, triglycer-
ides, cholesterol (total, HDL, LDL, and very low-density
lipoprotein [VLDL]), and uric acid were measured by a
VITROS DT60 II analyzer (Ortho-Clinical Diagnostics,
Raritan, NJ).

Hyperuricemia was defined as uric acid levels >6 mg/dL
for women and >7 mg/dL for men. An elevated blood pres-
sure level was defined as a systolic blood pressure >140 mm
Hg and diastolic blood pressure >90 mm Hg. Mixed hyper-
lipidemia was characterized as the presence of triglycerides
>150 mg/dL and hypercholesterolemia (total cholesterol
>200 mg/dL) in the same subject. Based on Adult
Treatment Panel III criteria, metabolic syndrome was diag-
nosed if at least three of five criteria were met: waist circum-
ference (modified parameter according to standards for
Hispanic people) >85 c¢m in women and >90 cm in men;
serum fasting glucose >100 mg/dL; triglycerides >150 mg/
dL; HDL-C <40 mg/dL for men or <50 mg/dL for women;
blood pressure >130/85 mm Hg.

AIP was calculated as logl0 (triglyceridessr HDL-C) and,
according to previous studies, classified into three groups:
low risk (<0.11), intermediate risk (0.11-0.21), and
increased risk (>0.21).

This study was approved and renewed every year by the
ethics and research committee of the School of Medicine of
the Benemérita Universidad Auténoma de Puebla, with the
registration number 279, since 2011.

Variables were presented as mean + standard deviation. A
normality test was carried out using the Kolmogorov-
Smirnov statistic. One-way analysis of variance determined
parametric comparisons for univariate changes of metabolic
parameters, and multivariate analysis of variance was used to
observe multivariate changes by the same parameters. A
Pearson correlation coefficient was obtained for bivariate cor-
relations. Nonparametric comparisons were performed by
%* test for independent categorical variables. Receiver operat-
ing characteristic curves were plotted, and the area under the
curves and their confidence intervals were obtained for pre-
diction of different cardiovascular risk factors with AIP; sen-
specificity,

predictive value, and likelihood ratio were also calculated.

sitivity, positive predictive value, negative
Multivariate logistic regression analysis was performed to
evaluate the risk of hyperuricemia, hypertension, mixed
hyperlipidemia, and metabolic syndrome due to elevated
AIP. Different regression models were created in which AIP
>0.21 was used as the independent variable and hyperurice-
mia, hypertension, mixed hyperlipidemia, and metabolic syn-
drome were used as dependent variables. All models were

adjusted for age, body mass index, and sex. Statistical
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significance was set at 2 < 0.05. All analyses were performed
with SPSS version 21 for Windows (IBM Corp., Armonk,
NY), and figures were plotted with GraphPad Prism scien-
tific graphing software, version 6.01 for Windows
(GraphPad Software, La Jolla, CA).

RESULTS

The total number of enrolled participants was 1004.
Men comprised 37% of the population, and the mean age
was 18.9 +2 years. Participants had average values of stand-
ard body composition (waist circumference, hip circumfer-
ence, body mass index, and fat mass percentage). Averages
for metabolic parameters were also within the normal range.

Body composition parameters differed for sex, being
higher in men (all 2<0.01), with the exception of fat mass
percentage, which was higher in women (27.1% vs. 17.1%,
P <0.0001). Metabolic parameters did not differ by sex,
except for VLDL-C, which was higher in men (24.9+11.9
vs. 21.9+9.8, P<0.0001), and HDL-C and uric acid. The
AIP value was 0.02+0.01 for men and —0.03+0.01 for
women (P < 0.0001).

Individuals were categorized according to cardiovascular
and atherogenic risk assessed by AIP into low risk (70%),
intermediate risk (13%), and increased risk (17%). Clinical
variables and metabolic parameters were compared for each
risk group by one-way analysis of variance (7able 1). There
were no significant differences for age between groups,
whereas somatometric variables and metabolic parameters
increased with higher values of AIP.

The prevalence of obesity was higher in patients with
AIP >0.21 (16.8%) and lower in those with an AIP of 0.11
to 0.21 (12.4%) and <0.11 (4.4%) (P < 0.0001), Similarly,
a trend of a higher prevalence of increased waist circumfer-
ence (>85 cm in women and >90 cm in men), or abdom-
inal adiposity, was observed in subjects with AIP >0.21
(21.8%) compared with those with an AIP of 0.11 to 0.21
(19.5%) and <0.11 (16.1%), although there was no statisti-
cally significant difference (P?=0.2)

Total cholesterol, LDL-C, uric acid, and systolic blood
pressure values had the most significant differences between
low and increased risk groups and also had the greatest cor-
relation with AIP; the rest of the parameters also had signifi-
cant correlations (Figure 1). Triglycerides, HDL-C, and
VLDL-C were increased in all three groups. Since triglycer-
ides and HDL-C are used to calculate AIP and VLDL-C is
calculated  from  triglycerides, the correlation  was
deemed invalid.

A subanalysis was performed for sex in each risk group.
In the low risk group (AIP <0.11), values of uric acid
(6.1+1.1 vs. 49x1.1, P<0.0001), systolic blood pressure
(120.5+8 vs. 109.4+11.6, P< 0.0001), and diastolic blood
pressure (72.5+9.5 vs. 68.52£9.7, P=0.03) were higher in
men than in women. In the intermediate risk group (AIP
0.11-0.21), glucose (95.7 £16.1 vs. 87.9x12.3, P=0.002),
uric acid (6.8+1.3 vs. 5.1 £1.14, P<0.0001), and systolic
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Table 1. Age, body composition, blood pressure, and metabolic parameters of Mexicans aged 18 to 22 years divided according to

the AIP?
Total Low risk Intermediate risk Increased risk

Variable (n =1004) (n =700) (n=137) (n=167) P
Women, n (%) 639 (63%) 471 (67%) 86 (63%) 82 (49%)

Men, n (%) 385 (37%) 229 (33%) 51 (37%) 85 (51%)

Age (years) 18.9+2 18.8+1.9 19137 19+17 0.4
Weight (kg) 64.3+13.6 61.6+122° 67.1+13.8" 72.3+15.8 <0.0001
Height (m) 1.64+£0.08 1.63+0.08° 1.64+0.07° 1.66+0.09 <0.0001
Waist circumference (cm) 81.4+11.2 80.3+10.1° 86+10.5 86.9+11.7 <0.0001
Hip circumference (cm) 98 +8.6 96.7 £8.1° 101+8.7 101+94 <0.0001
Body mass index (kg/m?) 23741 22.9+37° 24.8+4.4 25.8+4.5 <0.0001
Fat mass (%) 23271 2371 24.8+4.4 25.8+4.4 0.007
Glucose (mg/dL) 89.3+16.6 88.3+17.4° 90.8+14.3 92141 0.009
Total cholesterol (mg/dL) 164.3+38.8 163.5+32.2" 169.3+28.7° 182.6+42.4 <0.0001
Triglycerides (mg/dL) 117.9+559 92.3+28.6° 140.6 +23.9° 206.7 + 62 <0.0001
HDL-C (mg/dL) 50.1+13.2 545+12.8° 42.6+6.8° 37.7+6.9 <0.0001
LDL-C (mg/dL) 929+247 89.7 £23.8 97.3+20.7 102.3+28.1 <0.0001
VLDL-C (mg/dL) 231+10.8 18.02 +55° 28+ 5" 39.9+11.3 <0.0001
Ureic acid (mg/dL) 55+1.4 53+1.2° 58+1.4° 61+15 <0.0001
Systolic blood pressure (mm Hg) 115.7+13.5 112.3+11.7° 119.1+12.6° 125.2+15.5 <0.0001
Diastolic blood pressure (mm Hg) 709+94 69.5+9.1° 73.3+10.6 74.3+8.7 0.01
Total cholesterol/HDL-C 3.5+1.2 3+0.6° 4+06° 5+1.9 <0.0001
Triglycerides/HDL-C 2617 1.7+05° 3.2+02° 56+21 <0.0001
LDL-C/HDL-C 2+07 1.7+05° 2.3+05° 28+09 <0.0001

aMean + standard deviation. Comparison was made by one-way analysis of variance and post hoc Tukey test for independent samples in the continuous quantitative variables.

bStatistical differences (P < 0.05) vs. increased risk group.

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol.

blood pressure (127 £13 vs. 112.4+7.3, P<0.0001) were
higher in men than in women. In the increased risk group
(AIP >0.21), uric acid (6.8+1.5 vs. 5.4+ 1.3, P<0.0001),
systolic blood pressure (131.5+12.4 vs. 113.9%13.2,
P=0.001), and diastolic blood pressure (76.5+8.2 wvs.
70.1+8.3, P=0.04) were higher in men than in women.
Further subanalyses of correlation between AIP, uric acid,
and blood pressure in men and women showed that AIP cor-
related with values of uric acid (men: r=0.3, P<0.0001;
women: r=0.3, 2<0.0001) and systolic blood pressure
(men: r=0.4, P=0.001; women: r=0.2, P=0.3) in
both sexes.

The effect of increasing values of AIP in metabolic
parameters was analyzed by multivariate analysis of variance.
All metabolic parameters increased with an AIP >0.21 (1 of
Wilks = 0.58, F(14,344) =7.7, P<0.0001), but not when
obesity was present (1 of Wilks=0.95, F(7,172)=1.4,
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P=0.2). Glucose, total cholesterol, uric acid, and LDL-C
were the parameters in which increases were not due
to obesity.

The prevalence of hyperuricemia (58.2%), hypercholes-
terolemia (29.3%), mixed hyperlipidemia (70.5%), hyperten-
sion (66.7%), and metabolic syndrome (92%) were
statistically higher (2 < 0.0001) in individuals with high AIP
(>0.21) (Figure 2). The area under the curve with 95% con-
fidence intervals was 0.62 (0.6-0.7, P < 0.0001) for predic-
tion of hyperuricemia, 0.62 (0.6-0.66, P<0.0001) for
hypercholesterolemia, 0.9 (0.87-0.93, P < 0.0001) for mixed
hyperlipidemia, 0.8 (0.7-0.97, P=0.008) for hypertension,
and 0.95 (0.92-0.98, P < 0.0001) for metabolic syndrome
(Figure 3). The sensitivity of AIP was 0.23 (0.2-0.31) for
hyperuricemia, 0.66 (0.2-0.95) for hypertension, 0.32
(0.25-0.40) for hypercholesterolemia, 0.7 (0.58-0.81) for
mixed hyperlipidemia, and 0.92 (0.81-0.98) for metabolic
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Figure 1. Correlation of atherogenic index of plasma (AIP) with metabolic parameters in young Mexican adults. Row 1: Glucose, total cholesterol, triglycerides.
Row 2: High-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and very low-density lipoprotein cholesterol. Row 3: Uric acid, diastolic blood

pressure, systolic blood pressure.
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Figure 2. Prevalence of (a) hyperuricemia, (b) mixed hyperlipidemia, (c)
hypertension, and (d) metabolic syndrome in the three AIP risk groups.

syndrome. Specificity was 0.85 (0.82-0.87) for hyperurice-
mia, 0.83 (0.77-0.88) for hypertension, 0.86 (0.84-0.88)
for hypercholesterolemia, 0.87 (0.84-0.89) for mixed
hyperlipidemia, and 0.81 (0.85-0.89) for metabolic syn-
drome. The positive predictive value was 0.34 (0.26-0.42)
for hyperuricemia, 0.2 (0.1-0.3) for hypertension, 0.29
(0.23-0.36) for hypercholesterolemia, 0.3 (0.2-0.3) for
mixed hyperlipidemia, and 0.27 (0.21-0.34) for metabolic
syndrome. The negative predictive value was 0.77
(0.73-0.80) for hyperuricemia, 0.99 (0.95-0.99) for hyper-
tension, 0.88 (0.85-0.89) for hypercholesterolemia, 0.97
(0.96-0.98) for mixed hyperlipidemia, and 0.99
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(0.98-0.99) for metabolic syndrome. The likelihood ratio
was 1.6 for hyperuricemia, 3.9 for hypertension, 2.3 for
hypercholesterolemia, 5.4 for mixed hyperlipidemia, and
7.2 for metabolic syndrome. The multivariate logistic
regression analysis is shown in 7uble 2. The results suggest
that an AIP >0.21 is an independent risk factor for the
presence of hyperuricemia, mixed hyperlipidemia, and
metabolic syndrome. Likewise, an AIP >0.21 was associ-
ated with an increased risk for hypercholesterolemia (odds
ratio = 2.9, 95% confidence interval 1.9-4.5, P < 0.0001).

DISCUSSION

In this study, we found that higher values of AIP were
associated with a higher prevalence of obesity and abdominal
adiposity. Similar results were found by Zhu et al who
reported that higher AIP was positively and strongly associ-
ated with obesity.” However, in our study, the prevalence of
obesity or abdominal adiposity was low, which suggests that
alterations in AIP may even precede obesity and abdominal
adiposity. In addition, multivariate analysis indicated that
variations in metabolic parameters were due to increased AIP
and not due to increased body mass index; all the values of
the metabolic parameters were significantly higher with an
AIP >0.21. The presence of obesity only explains the
increase in triglycerides, HDL-C, and VLDL-C. Since the
studied population consisted of young adults, AIP could be a
good predictor of cardiovascular risk even before the appear-
ance of significant clinical manifestations of cardiovascular
diseases or other metabolic disorders, which could lead to
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Figure 3. Receiver operating characteristic curve for prediction of (a) hyper-
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drome by AIP.

greater opportunities to deliver early preventive interventions
to groups at risk.o™®

The smallest LDL particles, which have a role in the
development of atherosclerosis, are not routinely meas-
ured.”'® LDL-C is one of the main laboratory determina-
tions which if abnormally elevated confers a high risk of
cardiovascular disease; these molecules have also been the
main target for pharmacological treatment.'’ Current
international guidelines for the management of cardiovas-
cular risk and mixed hyperlipidemia rely on lipoprotein
indexes, mainly triglyceridess HDL-C, for stratification of
risk and to establish pharmacological treatment objec-
tives.'>1? Atherogenic indexes, including AIP, have been
shown to have a higher predictive value than independent
parameters. The predictive ability of atherogenic indexes
has been attributed to evidence that increased HDL-C is
associated with regression of the atheromatous plaques,
while decreases in LDL-C cause slowdown of plaque pro-
gression. Increased blood pressure levels have been corre-
lated with AIP in other studies. The relationship between
high blood pressure and atherogenesis is common in the
metabolic syndrome.'*

We have shown that an AIP >0.21 was significantly asso-
ciated with hyperuricemia, hypercholesterolemia, mixed
hyperlipidemia, and metabolic syndrome, which are all risk
factors for cardiovascular diseases. These results in conjunc-
tion with the calculated area under the curve allowed us to
validate the use of AIP with a cutoff point of >0.21 as a pre-
dictor of cardiovascular disease risk in young Mexican adults.
This cutoff point has been validated, both in men and

o . 1,15,16
women, in different populations."'’
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Table 2. Adjusted? odds ratios for hyperuricemia, dyslipidemia,
hypertension, and metabolic syndrome

b Standard  Odds ratio
coefficient  error (95% ClI) P
Model for hyperuricemia 0.2 0110 124 (11-15 0.04
Model for mixed 1.7 0.187 5.2 (3.6-7.5 <0.0001
hyperlipidemia
Model for hypertension 0.83 0564 23(0.76-6.90 0.14
Model for metabolic 2.5 0.37  11.9 (6.7-24.5) <0.0001

syndrome

Adjusted for age, body mass index, and sex.

The AIP has also been shown to be useful in a clinical
setting, since it was found to be a superior marker for cardio-
vascular events (i.e., death, atherosclerosis, and stroke) than
other biomarkers such as LDL-C, triglycerides, and non-
HDL cholesterol.'” " Similarly, AIP has been found to be
increased in patients with acute myocardial infarction, mak-
ing it a lower-cost alternative biomarker.°

The AIP correlates with the most frequently employed
clinical anthropometric and metabolic parameters and has
the ability of predicting their alterations in young Mexican
adults. This index was also strongly associated with cardio-
vascular risk factors, being a useful predictor of metabolic
alterations conferring risk for cardiovascular disease.
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