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Abstract
Background: Cardiovascular disease (CVD) is the cause of one third of deaths worldwide and this

will progress because of increasing CVD's risk factors. The most basic task of dealing with the epi-
demic of CVD is primary prevention of risk factors. As Atherogenic Index of Plasma (AIP) is a
strong marker to predict the risk of atherosclerosis and coronary heart disease, we assessed the corre-
lation between AIP and other important factors.

Methods: This cross-sectional study was a part of national non-communicable risk factors surveil-
lance system data that has been established since 2004 in Iran. This was done on 1000 people be-
tween 2008 and 2010. The study was approved by Ethics Committee of Mashhad University of Med-
ical Science. Chi square, Mann-Whitney U, correlation tests were used in this study. Statistical anal-
ysis was performed using SPSS version 11. In all calculations, p <0.05 was considered as statistically
significant level.

Results: The study population consisted of 500 men and 500 women with mean±SD age 41.9±14.2
years. According to the AIP category, 9.8% (98) were in low risk group, 12.7% (127) were in inter-
mediate risk and 77.5% (775) were in increased risk of CVD. AIP was significantly correlated with
waist circumference (r=0.35, p<0.001), BMI (r=0.33, p<0.001) and physical activity (r=-0.09,
p<0.01).

Conclusion: AIP can be used as a regular monitoring index of CVD in every day practice, especial-
ly in persons with other cardiovascular risk factors.
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Introduction
Cardiovascular disease (CVD) is the

cause of one third of deaths worldwide and
this statue will progress because of increas-
ing CVD's risk factors (1). In the United

States the life time risk for incidence of
CVD at age forty is 50% in men and 32%
in women (2). The most basic task of deal-
ing with the epidemic of CVD is primary
prevention of risk factors and understand-
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ing how they interact together.
The most important risk factors for CVD

consist of dyslipidemia, HTN, obesity,
physical inactivity, poor diet and smoking
(1,3-6). Among these, lipid profile of plas-
ma is the major risk factors and predictor
for CVD (7,8).

Dyslipidemia describe as elevated plasma
concentration of lipid (triglyceride (TG)
and total cholesterol (TC) and their blood
transporting lipoproteins; HDL- Cholester-
ol, LDL-Cholesterol, VLDL-Cholesterol)
(9-12). Strong scientific evidence indicates
that there is a strong association between
incidence of CVD and high level of LDL-C
and also low level of HDL-C (12,13);
therefore the LDL-C/HDL-C ratio is often
calculated to estimate cardiovascular risk
(14). On the other hand, high level of TG
has been related with an increased LDL-C
particles and increased cardiovascular risk
(12,15). On that basis, atherogenic
dyslipidemia, defined as high LDL-
C/HDL-C ratio and hyper TG, is associated
with high cardiovascular risk (14,16).

Many clinical studies make effort to in-
troduce a better marker of atherogenic
dyslipidemia that can predict the risk of
CVD to be useful for evaluating response
to treatment instead of the classical ratio
(14). It has been shown that Atherogenic
Index of Plasma (AIP) is a strong marker to
predict the risk of atherosclerosis and coro-
nary heart disease (12,17-22). AIP reflect
the true relationship between protective and
atherogenic lipoprotein and is associated
with the size of pre- and anti- atherogenic
lipoprotein particle (23). AIP is calculated
according to the formula, log(TG/HDL-C)
(8,12,14,17,18,24). It has been suggested
that an AIP value of under 0.11 is associat-
ed with low risk of CVD; the values be-
tween 0.11 to 0.21 and upper than 0.21 are
associated with intermediate and increased
risks, respectively (23,25).

As we know, a large number of cardio-
vascular risk factors are modifiable, and so
far, many efforts have been done but much
more is needed (1). For this purpose it is
necessary to know how these different risk

factors affect each other. Within this con-
text, we assessed the correlation between
AIP, as a major risk factor of CVD, and the
other important factors, like physical activi-
ty, BMI, waist circumference, HTN, FBS
and lipid status. The result of this study can
be applied to return the bleak prognosis of
CVD and also can help policy makers to
implement a population strategy in associa-
tion with a high risk group strategy for
CVD prevention and reduce the burden of
cardiovascular disease in the future dec-
ades.

Methods
Study population
This cross-sectional study was a part of

national non-communicable risk factors
surveillance system data that has been es-
tablished since 2004 in Iran. This study has
been done on 1000 people (500 men and
500 women) between 2008 and 2010, who
were referred to different urban health cen-
ters of Razavi Khorasan Province. Primary
care physicians were trained to complete
the check list. All study participants signed
an informed consent and the study was ap-
proved by Ethics Committee of Mashhad
University of Medical Science.

Blood Sampling
Blood samples were taken from all partic-

ipants after 12-14 hours fasting to deter-
mine the lipid profile and FBS. All samples
were checked in central laboratory of state
health center.

Body Mass Index
Body Mass Index (BMI) was calculated

based on the following formula, weight
(kg) divided by the square of height (m2)
(26). As we know, BMI is associated with
whole body fat mass (27) and to some ex-
tent can reflect the physiological effect of
whole body fat mass, although it has some
limitations (28), it has been used widely
because it is easy to calculate.

Body weight was measured using an ana-
logue scale and participants only had one
uniform layer and height was measured us-
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ing stadiometer. Participants were divided
into four groups according to their BMI:
Underweight (BMI<18.5), Normal (18.5≤
BMI<25), Over weight (25≤BMI<30) and
Obesity (BMI≥30) (26).

Physical Activity
The American Heart Association recom-

mends 30-60 minutes of aerobic exercise 3-
4 times per week to prevent cardiovascular
disease (29). According to this category our
participants were divided into three groups.
In our study, physical activity included ag-
gregation of occupational activity, transport
related activity, and recreational activity
per week, therefore:

Low active person: person with less than
90 minutes of physical activity during a
week.

Active person: person with 90-240
minutes of physical activity during a week.

Highly active person: person with more
than 240 minutes of physical activity dur-
ing a week.

Waist Circumference
BMI indicate total body fat mass whereas

waist circumference is indicator of central
body fat mass and is associated with ab-
dominal obesity (30,31). Evidence demon-
strate that abdominal obesity is a strong
risk factor for cardiovascular disease and
type 2 Diabetes Mellitus (32).

According to the National Institute of
Health guidelines, men with waist circum-
ference more than 102 cm and women with
waist circumference more than 88 cm are at
higher risk of obesity disorders than the

other persons (33). Recent studies show
that these measures are useful for the pur-
pose of predicting the risk of metabolic
disorder (34,35).

Waist circumference was measured using
a flexible tape, in the standing position and
in midway between the lowest rib and the
superior border of iliac crest.

Blood Pressure
We measured participant's blood pressure

in three fold after 5 to 10 minutes rest using
OMRON-M7 brand digital blood pressure
monitors. All monitors were adjusted every
day.

Statistical Analysis
Participant characteristics were described

by percentage, means and standard devia-
tion (SD). Initially, in each participant we
investigate the relation between AIP and
physical activity and at a second stage we
check the relation between AIP and BMI
and also waist circumference, blood pres-
sure, FBS and lipid profile was measured
using correlation tests. In order to compare
two groups or more, we used chi square test
or Mann-Whitney U test. Statistical analy-
sis was performed using the SPSS version
11. In all calculations, p<0.05 was consid-
ered as statistically significant level.

Results
The study population consisted of 500

men and 500 women aged 17-67 years
(mean±SD 41.9±14.20). About 54%
(n=536) of our participants were living in
urban areas. While 432 (43.2%) and 362

Table 1. Descriptive statistics of comparison between two genders by multiple factors
Male Female p

Atherogenic Index of Plasma 0.41±0.23* 0.35±0.24 p=0.001
BMI (kg/m2) 24.2±4.9 25.9±5.30 p<0.001
Systolic Blood Pressure (mmHg) 125±18.2 121.5±21.40 p=0.006
Diastolic Blood Pressure (mmHg) 78.4±12.7 80.3±13.30 p=0.025
Triglyceride (mg/dl) 119±45 119.3±70.20 p=0.947
Total Cholesterol (mg/dl) 186.5±42.40 194.2±48.10 p=0.019
HDL (mg/dl) 45.7±17.90 50.6±15.70 p<0.001
LDL (mg/dl) 118.9±38.40 121.1±46.30 p=0.477
FBS (mg/dl)
Waist circumference(cm)

88.2±24.00
85.9±13.20

89.8±29.70
86.7±14.60

p=0.424
p=0.378

*Mean± SD, ** Not Significant
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(36.2%) were employee and housewives
respectively; only 44 (4.4%) subjects were
unemployed.

In clinical examination, the mean±SD of
AIP was 0.4±0.23 and 0.3±0.24 respective-
ly in men and women, according to the AIP

Fig. 1. Correlation of atherogenic index of plasma with a) Waist Circumferance, b) BMI, c) Total Cholestrol, d) HDL, e)
TG, f) FBS, g) Systolic Blood Pressure, h) Diastolic Blood Pressure.
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category that mentioned before, 9.7%
(n=97) were in low risk group, 12.7%
(n=127) were in intermediate risk and
77.5% (n=775) were in increased risk of
CVD.

Overally, mean±SD BMI was 25.1±5.20;
within underweight (BMI<18.5) and nor-
mal (18.5<BMI<24.9) ranges, men had
taken the dominance, but women had taken
the lead in obese (BMI>30) and very obese
(BMI>35) ranges with much higher ratios.

The mean±SD of waist circumference
was 85.9±13.20 for men and 86.7±14.60
for women. Considering the normal ranges,
it was found that 714 subjects (71.4%) had
normal waist circumference.

While 192 (19.2%) participants reported
having a job that requires vigorous activity,
566 (56.6%) had a job with moderate activ-
ity. In recreational time, 131 (13.1%) re-
ported having a hobby or sport that elevat-
ed their respiration and heart beat for more
than 10 minutes. Besides, 207 (20.7%) had
hobbies with moderate activity. When we
pooled theses three dimensions of activity
and used the AHA categories, it was re-
vealed that 186 (18.8%) were low active,
167 (16.9%) were active and 638 (64.4%)
were highly active. This variable was sig-
nificantly different in two genders
(p<0.001).

As shown in Table 1, more than 76.5% of
both genders had normal blood pressure.
Mean systolic blood pressure had higher
levels in men while mean diastolic blood
pressure had higher levels in women, both
were statistically significant. By evaluating
the past medical history of subjects, it was
revealed that 8% of subjects had a history
of drug prescription for hypertension.

Although having a higher level of HDL is
preferred, women had higher levels of total
cholesterol, and LDL. Thirty four subjects
(4.4%) had previously diagnosed diabetes,
41 (5.3%) had impaired fasting glucose and
rest of them (90.3%) had normal blood
sugar. The mean FBS was 89 mg/dl.

Regarding the waist circumference, a cor-
relation of 0.35 with p<0.001 was found
with AIP, in which no gender differences

was detected (Fig. 1-a).
The atherogenic index and BMI were sig-

nificantly (p<0.001) correlated with a cor-
relation coefficient of 0.33 (Fig. 1-b).

AIP was also significantly correlated with
mean systolic blood pressure (r=0.13,
p<0.001), mean diastolic blood pressure
(r=0.16, p<0.001), HDL (r=-0.72,
p<0.001), LDL (r=0.29, p<0.001), serum
triglycerides (r=0.77, p<0.001), total cho-
lesterol (r=0.27, p<0.001), and fasting
blood sugar (r=0.14, p<0.001) (Fig. 1-c to
h).

AIP was correlated with physical activity
(r=-0.09, p<0.01). When data was analyzed
separately for two genders, a stronger cor-
relation was found in men (r=-0.18,
p<0.001) but the correlation was not statis-
tically significant in women.

In the increased risk AIP category, men
had taken the dominance and the difference
between the two sex was statistically signif-
icant (p<0.001) (Fig. 2).

According to Fig. 3, all of the diabetic
participants and 90% of person with im-
paired fasting glucose were in AIP in-
creased risk category and this association
was statistically significant (p<0.001).

The chi-square test didn’t show signifi-
cant difference in AIP categories according
to BP status (p=0.06).

As Fig. 4 shows, 92% of obese and 82%
of overweight BMI group had increased
risk according to the AIP category and this
association was statistically significant
(p<0.001).

Discussion
In this study, we estimated the cross-

sectional association between AIP and oth-
er risk factors of CVD. Most of participants
were in over weight and obese category,
and this property was dominant in women.
It was observed that participants with high-
er BMI and also waist circumferences had a
higher AIP too. These findings are in
agreement with previous studies that show
strong association between abnormalities of
blood lipoproteins and different habits of
people, such as life style and eating habits
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(8,36).
Furthermore, this study demonstrated that

there is a concordance between increased

BMI and significant increase in value of
HDL-C, LDL-C, TC and TG as well as sys-
tolic blood pressure and diastolic blood

Fig. 2. AIP categories in two genders

Fig. 3. FBS categories and risk estimation based on AIP

Fig. 4. BMI categories and risk estimation based on AIP
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pressure and also FBS. This result is similar
to the results of Karen Kearns et al. and
several cross sectional studies that showed
chronic disease like hypertension, diabetes,
dyslipidemia and osteoarthritis are more
prevalent in obese persons (37-40).

As previous research has shown, regular
physical activity can help to control BMI,
improve lipid profile and decrease the risk
of coronary heart disease, heart attack, high
BP and diabetes (36). This study also
demonstrated an inverse association be-
tween AIP and the level of physical activi-
ty. This association was higher in men than
women. In women, we observed a positive
but not significant correlation between
physical activities and AIP.

Furthermore, we found a significant asso-
ciation between AIP and FBS. In agree-
ment with our study, Tariq M Ali Rajab
showed that diabetic dyslipidemia is char-
acterized by an increased TG level and also
decreased HDL-C value, a main feature of
lipoproteins abnormalities in diabetic pa-
tients (22,41,42). Another studies conclud-
ed that hyperglycemia, abnormal lipid pro-
file and to some extent HTN are all partici-
pated in development of atherosclerosis
(22,25,43). Nevertheless, this study did not
show significant difference in AIP catego-
ries between hypertensive and normoten-
sive groups, which may be due to high
number of normotensive participants.

According to the value of AIP as previ-
ously mentioned, this study showed that
male participants were dominant in in-
creased risk AIP category and so they were
at a higher risk of developing coronary
heart disease. This finding was in agree-
ment with Mudhaffa Sami Khazaál study
(14).

Collective information from various stud-
ies illustrated a strong correlation between
AIP and lipoprotein particle size, therefore
AIP could be considered as an indicator of
atherogenic lipoprotein status (25,44). As
we observed in present study, significant
increase in AIP was detected with increas-
ing TC, TG and LDL-C and decreasing
HDL-C.

It has been reported that AIP plays as
predictive value for atherosclerosis (20,21),
and can be used as an available index of
highest sensitivity for assessing cardiovas-
cular risk factors, and for predicting the
acute coronary events (45). Moreover, in
situations where all atherogenic parameter
are normal, AIP may be the alternative
screening tool (14). Although in this study
most of participants (77.5%) were in the
increased risk AIP category, many of them
didn’t have any risk factor.

This study was a national and provincial
large scale survey that was a marked
strength of it (46). In this study, all subjects
were representative of a limited geograph-
ical region (Iran) and may not reflected the
AIP patterns from the other countries. So
that future large population based multi-
center studies are recommended. Further-
more, our cross sectional study cannot con-
clude on causality or temporal trends. As a
result, it is unclear if longitudinal changes
in BMI, abdomen obesity or physical activ-
ity can result in corresponding changes in
AIP.

Conclusion
Our findings showed that increasing in

AIP is associated with other cardiovascular
risk factors; therefore change in these risk
factors affects the AIP index. Based on the
present study, and according to the epide-
miological transition of disease, life style
change, performing regular exercise and
healthy diet modification is recommended.
In addition, AIP should be used as a regular
monitoring index of CVD in every day
practice, especially in persons with another
cardiovascular risk factors. It is also associ-
ated with other major risk factors of heart
disease and it is sensitive measure that can
be easily calculated especially when other
lipid values are within normal range.
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