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Background. The main cause of mortality and morbidity in type 2 diabetes mellitus (T2DM) patients is cardiovascular dis-
ease. According to the American Heart Association, at least 65% of the deaths of T2DM patients are due to heart disease and stroke.
Objectives. This study aims to analyse cardiovascular complication risk based on Atherogenic Index of Plasma (AIP) and the influencing 
factors in T2DM patients.
Material and methods. This is an analytical research design with a cross-sectional approach. The population of this study was 
T2DM patients from primary health care in Medan, Indonesia, with a total of 85 people. Subjects were recruited using consecu-
tive sampling with inclusive and exclusive criteria. AIP values were determined using the AIP calculator with the logarithm calcu-
lation (TG/HDL-C). The chi-square test was used for statistical analysis, with a 95% confidence interval and a significant value of  
p < 0.05.
Results. The majority of patients are known to be at high risk with AIP ≥ 0.21. There is a relationship between FBGL and HbA1c with 
AIP (p < 0.05). There is a significant relationship between TC, TG, HDL-C, LDL-C and AIP index (p < 0.05), while there is no relationship 
between LDL-C and AIP (p > 0.05).
Conclusions. A continuous educational effort is critical for improving patients’ understanding in preventing the occurrence of complica-
tions that increase morbidity and mortality.
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Background

The main cause of mortality and morbidity in type 2 dia-
betes mellitus (T2DM) patients is cardiovascular disease. Ac-
cording to the American Heart Association, at least 65% of the 
deaths of T2DM patients are due to heart disease and stroke 
[1]. It is predicted than T2DM patients have a 2–4 times higher 
risk of cardiovascular disease than non-diabetes patients [2]. 
The mechanism of cardiovascular disorders in T2DM cases is 
complex and is related to arteriosclerosis, which is influenced 
by many factors, such as hypertension, hyperglycaemia, dyslipi-
daemia, smoking and obesity [3]. 

Dyslipidaemia is a  common disorder found in T2DM pa-
tients. Patients with good control of diabetes still have a higher 
risk of heart disease [4]. Dyslipidaemia is one of the main risk 
factors of arteriosclerosis and cardiovascular disorders. It is re-
lated to the abnormality of lipid profiles in the plasma. Several 
main lipid fraction disorders are caused by an increase of Total 
Cholesterol (TC), Triglycerides (TG), Low Density Lipoprotein-

-Cholesterol (LDL-C) levels, as well as a decrease of High Density 
Lipoprotein-Cholesterol (HDL-C). Diabetes patients have a prob-
ability of Lipoprotein-Cholesterol (LDL) glycation, which causes 
oxidation of LDL molecules and the formation of arteriosclerosis 
plaque [5, 6].

Atherogenic index of plasma (AIP) is considered as the 
strength index of atherogenicity plasma, and it is positively cor-
related with cardiovascular disease [7]. AIP is also an indicator 
to determine patients’ cardiovascular complications. Moreover, 
it becomes the therapeutic monitoring parameters for cardio-
vascular disorders in diabetes mellitus patients [8]. AIP value is 
an accurate predictor and prognostic factor of acute coronary 
heart disease as confirmed by angiography as the gold standard 
diagnostic test [9]. In addition, AIP is far better compared to the 
other traditional assessment indexes, such as the cardiogenic 
risk ratio and atherogenic coefficient, in analysing CVD incident 
risk. 

Atherogenic index of plasma (AIP) is defined as log basic 
10 (TG/HDL-C). It is used to ease the assessment of the LDL-C 
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measurement, which is the significant predictor of cardiovascu-
lar disease. AIP is positively correlated with the risk of cardio-
vascular disease. Previous studies showed that AIP increased in 
patients with a high risk of coronary arterial disease and is posi-
tively correlated with the HDL esterification fraction, which is 
the dependent marker of atherogenicities [10]. The determina-
tion of coronary artery disease risk based on AIP is categorised 
into low risk with AIP < 0.11, medium risk with AIP 0.11–0.21 
and high risk with AIP > 0.21 [11]. 

Objectives

The objective of this study is to analyse cardiovascular com-
plication risk based on AIP index and the factors influencing it in 
T2DM patients in Medan City. 

Material and methods

Study design and participants

The study is of an analytical design with a cross-sectional ap-
proach. The total population of the study was 85 subject with 
T2DM in Medan, Indonesia. The single sampling formula was 
used to obtain the hypothesis for the proportion of a popula-
tion. Subjects were recruited using consecutive sampling with 
inclusive and exclusive criteria.

The inclusion criteria in this study was T2DM patients who 
were willing to join the study and were able to carry out daily 
activities independently. Whereas the exclusion criteria were 
pregnant patients with T2DM, patients with complications 
(chronic inflammation and impaired consciousness) and pa-
tients with a history of heart disease and vascular abnormalities 
in the family (these were known through anamnesis and pa-
tients with no heart disease intervention/heart catheterisation). 

Measures

The study data was based on primary data. Ethical clearance 
was obtained from the Research Ethics Committees, Faculty of 
Medicine, Universitas Sumatera Utara. All of the T2DM patients 
involved in the study signed an informed consent form. For 
anthropometry evaluation, body weight and height measure-
ments were done, followed by BMI calculation for nutritional 
status determination. Blood pressure (BP) measurement was 
conducted after a  10-minute rest using a  digital BP monitor 
(Omron). Subjects had been fasting for 10 hours prior to venous 
blood collection for Fasting Blood Glucose Level (FBGL) and lipid 
profiles, which were done by using a  fully automatic spectro-
photometer colorimeter, and the HbA1c examination was done 
using the Doronad Affinity + Modified HPLC method. 

AIP was determined using the AIP online Czeh calculator as 
log (TG/HDL-C) for atherogenic risk [12]. The results determined 
the risk of DM patients to suffer from cardiovascular compli-
cations, which was categorised into 3 levels, i.e. low risk (AIP  
< 0.11), intermediate risk (AIP: 0.11–0.21) and increased risk 
(AIP > 0.21). 

Data analysis was done using a  computer with SPSS soft-
ware. The chi square test was used for statistical analysis, with 
a 95% confidence interval. The p-value was considered signifi-
cant if p < 0.05.

Ethical approval

This work received a positive opinion from the Ethics Com-
mittee (N0.80/TGL/KEPK FK USU-RSHAM 2019).

Results 

The number of T2DM patients who had fulfilled the inclu-
sion and exclusion criteria in this study was 85 people (Table 1). 

Table 1. Basic characteristics of type 2 DM patients in Medan
Characteristics Frequency 

(n)
Percentage 
(%)

Gender
male
female

16
67

19.3
80.7

Age group
36–45 years
46–55 years

12
71

14.5
83.5

Duration of illness
< 5 years
6–10 years
11–15 years
˃ 15 years

50
20
11
2

60.2
24.1
13.3
2.4

Diabetes history
father
mother
father and mother
none

15
15
8
45

18.1
18.1
9.6
54.2

Body Mass Index (BMI)
underweight
normal weight
obesity

8
43
34

9.4
50.6
40

Blood pressure (systole)
hypertension
non-hypertension

66
17

79.5
20.5

Physical activity
high
medium
low

19
13
53

22.4
15.3
62.4

AIP
low risk (< 0.11)
intermediate risk (0.11–0.20)
high risk (≥ 0.21)

29
9
47

34.1
10.6
55.3

The majority of patients in the study were female, 67 pa-
tients (80.7%), and most patients were 46–55 years old (83.5%). 
50 people (60.2%) had been suffering from T2DM for less than 
5 years. Based on family history, a  total of 45 people (54.2%) 
did not have diabetes mellitus in their family history. Based on 
the BMI, 43 people (50.6%) were categorised as obese. It was 
also known that 66 people (79.5%) had hypertension. Based on 
physical activity data, the majority of patients (62.4%) had low 
physical activity. Meanwhile, AIP calculation showed that 47 pa-
tients (55.3%) were at high risk of cardiovascular complication. 

Table 2. Glycaemic control, lipid profiles and AIP mean values
Variable Mean ± SD Min–Max
FBGL (mg/dL) 249 ± 109.16 87.00–600.00
HbA1C (%) 9.50 ± 2.63 5.30–15.80
TC (mg/dL) 237.90 ± 60.52 148.00–456.00
TG (mg/dL) 214.70 ± 184.68 52.00–1,223.00
HDL-C (mg/dL) 45.50 ± 11.15 19.00–75.00
LDL-C (mg/dL) 150.30 ± 56.37 39.00–375.00
AIP 0.23 ± 0.34 -0.45–1.45
TD Systole (mm Hg) 153.5 ± 20.1 109–196
TD Diastole (mm Hg) 85 ± 12.1 61–120
BMI (kg/m2) 24.4 ± 4.3 15.2–36.9

FBGL – fasting blood sugar level; HbA1C > 8%; TC – total cholesterol;  
TG – triglycerides; HDL-C – high density lipoprotein-cholesterol; LDL-C  
– low density lipoprotein-cholesterol; AIP – atherogenic index of plasma. 
DM (FBSL ≥ 126 mg/dL), dyslipidaemia (TC > 200 mg/dL, TG > 150 mg/ 
/dL, HDL-C < 40 mg/dL, LDL-C > 130 mg/dL.

Table 2 shows the mean value of FBGL being 249 mg/dl, 
HbA1c is 9.5%, and control lipid for TC, TG HDL-C, LDL-C, LDL-C 
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is 237.90 mg/dL, 214.7 mg/dL, 45.50 mg/dL, 150.30 mg/dL, re-
spectively. The mean AIP value is 0.23, and the mean systole and 
diastolic BP is 153.5 mm Hg and 85 mm Hg, respectively. Finally, 
the BMI average is 24.4 kg/m2. Patients were categorised into 
good, adequate and bad control T2DM from the mean values of 
the glycaemic control and lipid profiles. 

To determine the relationship between risk factors for car-
diovascular complications and AIP values ​​in T2DM patients, an 
analysis was performed using the chi-square test (Table 3).

Discussion

Dyslipidaemia is a  common disorder found in T2DM pa-
tients, as they have the probability of having denser and smaller 
LDL particles. These particles are normally formed from high 
triglycerides levels and high LDL-C and low HDL-C levels – usu-
ally known as triad diabetic dyslipidaemia [5]. A  study in In-
dia showed a comparison of the lipid profiles of diabetics and 
healthy individuals. There is a  negative correlation between 
Fasting Blood Glucose Level (FBGL) and HDL-C and a  positive 
correlation between FBGL and TC, TG and LDL-C [13].

This study shows that a  majority of patients (81 people  
– 95.3%) are suffering from dyslipidaemia, and only 4 of them 
(4.7%) are not. This result is aligned with a previous study that 
reported 282 patients (94%) were found to have dyslipidaemia, 
whereas 6% were not [14–16]. Several patients experienced an 
increase of single lipid fraction; however, most of them experi-
enced an increase of multiple lipid fractions. A study carried out 
in Turkey stated that there is an abnormality in lipid in T2DM 
patients, which is indicated by hypercholesterolemia, an LDL in-
crease and an HDL decrease. An increase of total cholesterol se-
rum, TG and LDL was found to be significant [17]. Dyslipidaemia 

is one of the main risk factors of atherosclerosis, which is the 
cause of macro- and micro-vascular disorders that increase the 
risk of cardiovascular complications in T2DM patients [14, 18]. 
According to the American Heart Association in 2015, at least 
65% of the deaths of DM patients were due to heart disease 
and stroke. Besides this, adults suffering from DM have a 2–4 
times higher risk of suffering from heart disease compared to 
non-diabetics [1, 19, 20]. 

AIP is a strong indicator to predict atherosclerosis risk and 
cardiovascular disease. However, there are other indices used 
to predict CVD, such as the Framingham Heart Score and Ath-
erosclerotic Cardiovascular Disease (ASCVD), recommended by 
the American Diabetes Association Standard of Diabetes Care 
(ADA), which, respectively, each have their own calculation rule. 
AIP is considered as a good and sensitive predictor for athero-
sclerosis and cardiovascular diseases in diabetics [8, 21]. AIP is 
a logarithmic transformation ratio from triglyceride molar con-
centration to HDL-cholesterol. The strong correlation of AIP with 
lipoprotein particle size can explain its high predictive value. AIP 
values ​​increase with increased CVD risk. AIP comprehensively 
reflects the balance between atherogenic and anti-atherogenic 
factors [22]. From various researchers who have carried out 
studies before, AIP has proven to be a reliable marker for pre-
dicting CAD risk. AIP is categorised into low, intermediate and 
high risk of cardiovascular disorders [14]. The result of this study 
showed that 47 patients (55.3%) had a high risk of cardiovascu-
lar complications based on AIP value. This result is aligned with 
the previous studies, where 298 patients (99.3%) were found to 
be at high risk [14].

AIP, the logarithm of the TG molar ratio to HDL-C, was first 
described by Dobiá sová and Frohlich in 2001. AIP has stron-
ger sensitivity that reflects interactions between atherogenic 
and protective lipoproteins; therefore, AIP can be considered 

Table 3. Relationship between risk factors of cardiovascular complication with AIP

Lipid profile AIP category p

low intermediate high

FBGL (mg/dl)
80–99 (good control)
100–125 (adequate control)  
≥ 126 (lack of control)

2 (6.9)
4 (13.8)
23 (79.3)

0 (0)
0 (0)
9 (100)

1 (2.1)
1 (2.1)
45 (95.7)

0.142

HbA1C
< 6.5 (good control)
6.5–8 (adequate control)
≥ 8 (lack of control)

7 (24.1)
3 (10.3)
19 (65.5)

1 (11.1)
2 (22.2)
6 (66.7)

5 (10.6)
12 (25.5)
30 (63.8)

0.360

TC (mg/dl)
< 200 (good control)
200–239 (adequate control)
≥ 240 (lack of control)

17 (58.6)
6 (20.7)
6 (20.7)

2 (22.2)
2 (22.2)
5 (55.6)

8 (17.0)
14 (29.8)
25 (53.2)

0.004

HDL-C (mg/dl)
good control (≥ 45)
bad control (< 45)

25 (86.2)
4 (13.8)

6 (66.7)
3 (33.3)

10 (21.3)
37 (78.7)

0.0001

LDL-C (mg/dl)
< 100 (good control)
100–129 (adequate control)
≥ 130 (lack of control)

4 (13.8)
12 (41.4)
13 (44.8)

0 (0)
4 (44.4)
5 (55.6)

7 (14.9)
10 (21.3)
30 (63.8)

0.242

TG (mg/dl)
150 (good control)
150–199 (adequate control)
200 (lack of control)

29 (100)
0 (0)
0 (0)

4 (44.4)
3 (33.3)
2 (22.2)

2 (4.3)
17 (36.2)
28 (59.6)

0.0001

Blood pressure (systole) 
Normal (< 140 mm Hg)
Hypertension (≥ 140 mm Hg)

5 (83.3)
1 (16.7)

1 (25.0)
3(75.0)

10 (62.5)
6 (37.5)

0.177

Physical Activity
High (≥ 1,500 MET-min/week)
Medium (600–1500 MET-min/week)
Low (< 600 MET-min/week)

6 (20.7)
6 (20.7)
17 (58.6)

1 (11.1)
1 (11.1)
7 (77.8)

12 (25.6)
5 (10.6)
30 (63.8)

0.644
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as an economical and reliable CAD indicator. There are several 
advantages to using AIP in clinical applications. First, after loga-
rithmic transformation, AIP can correct the lack of a normal dis-
tribution. Second, the value of AIP can be obtained by direct 
calculation and does not require additional costs. Third, AIP can 
indirectly function as a substitute for LDL particle size [23]. AIP 
as a new sign of atherogenicity AIP is directly related to the risk 
of atherosclerosis [23]. Hypertriglyceridemia will increase liver 
lipase activity, which increases K-HDL catabolism (K-HDL degra-
dation). AIP has a higher forecasting value for atherosclerosis, 
and several comparative figures for atherogenic markers, when 
divided by K-HDL, will increase the Odds ratio value, which is 
a higher forecast for atherosclerosis [22].

According to AIP research, it is considered a good predictor 
of atherosclerosis and a very sensitive risk predictor of CVD [24]. 
AIP values ​​indicate a substantial agreement with the results of 
coronary angiography and are used to predict acute coronary 
events and prognosis in patients with acute myocardial infarc-
tion. AIP is superior to other traditional assessment indices 
(e.g. the ratio of cardiogenic risk and atherogenic coefficient) 
in assessing the risk for CV events. AIP is also considered to be 
able to predict the risk of T2DM. Risk factors associated with 
increased AIP are closely related to those for CVD and cere-
brovascular disease in patients with T2DM. Compared to risk 
factors associated with CVD and cerebrovascular disease, the 
factors associated with increased AIP are more conducive to 
monitoring and follow-up. AIP is related to the particle size of 
antiatherosclerotic lipoproteins. Thus, this measure reflects the 
balance between protective and atherogenic lipoproteins [24]. 

In addition to AIP, there is a risk calculator, according to the 
American College of Cardiology/American Heart Association 
ASCVD (Risk Estimator Plus), which is generally a useful tool for 
estimating the risk of a 10-year ASCVD [25]. The American Dia-
betes Association Standard of Diabetes Care authorises the use 
of a  risk factor-based approach to decide on the initiation of 
statin therapy. It recommends risk stratification, including three 
variables: age, the presence of previous cardiovascular events 
and the presence or absence of risk factors. Risk factors for ADA 
include: LDL-c above 100 mg/dl, high blood pressure, smok-
ing, being overweight/obese and a  family history of premature  
ASCVD. All patients with definite ASCVD events should receive 
high-intensity statin therapy, regardless of age. In patients be-
tween 40 and 75 years without ASCVD events, but with a pres-
ence of cardiovascular risk factors, high-intensity statin therapy 
is recommended [26]. The risk of early ASCVD may be an impor-
tant confounder and explanation for conflicting results in patients 
with type 2 diabetes mellitus. Accurate assessment of individual 
risk can be valuable in guiding and facilitating the prevention of 
ASCVD. In early 1976, the Framingham Heart Study identified sev-
eral risk factors and developed a risk equation for first coronary 
heart disease. Since then, several tools for CVD risk evaluation 
have been published and have guided the practice [27]. 

This study then analyses the relationship between AIP with 
other risk factors of cardiovascular diseases. Based on the re-
sult, there is a  relationship between FBS and HbA1c with AIP  
(p < 0.05), TC, HDL-C, LDL-C with AIP, and only LDL-C is not corre-
lated with AIP. Meanwhile, previous research showed a positive 
correlation between FBS, TC, TG, LDL-C and AIP and a negative 
correlation between HDL-C and AIP [14]. 

The results of this study show that based on AIP values (AIP 
> 0.21), 47 patients (55.3%) are at high risk of cardiovascular 
complications, whereas the previous study showed 298 people 
(99.3%) were at high risk [14]. AIP is related to waist size, waist-
-hip ratio, BMI, physical activities, age, BP, FBG and insulin resis-
tance index (HOMA – IR), which is the risk factors of morbidity 
and mortality from the disease [3, 21, 28]. AIP is an independent 
predictor and a  determinant of death in patients with acute 
myocardial infarction treated in hospitals [9].

A previous study stated that diabetes patients are at higher 
risk of atherosclerotic plaque with higher AIP [29]. Besides this, 
patients with higher AIP have higher uremic acid. It has been 
identified that there is a  significant correlation between AIP 
and UA, with UA as a risk factor for AIP. A number of research 
studies showed that UA level serum is related to CVD, obesity, 
dyslipidaemia, hypertension and a disturbance of glucose me-
tabolism. High UA serum contributes to several chronic meta-
bolic diseases, including diabetes and coronary heart disease. 
The close relationship between UA and metabolic disease may 
be directly related to the endothelial dysfunction effect, oxida-
tive stress and inflammation or may be indirectly related to sev-
eral risk factors of metabolic syndrome [23, 30]. Several studies 
have shown that patients with type 2 diabetes mellitus and an 
increase of AIP are at higher risk of microalbuminuria, and AIP is 
an early detector of diabetic neuropathy [24]. 

Conclusions

Based on the study results and the discussion, we conclude 
that there is a  relationship between FBS and HbA1c with AIP  
(p < 0.05). There is a  significant relationship between TC, TG, 
HDL-C, LDL-C and AIP index (p < 0.05), while there is no relation-
ship between LDL-C and AIP (p > 0.05). A continuous education-
al effort is very important in increasing patients’ understand-
ing in order to prevent the occurrence of complications which 
increase morbidity and mortality. An educational approach is 
highly recommended to improve patients’ understanding and 
thus encouraging them to be more independent in controlling 
their disease to prevent any complications and have a  better 
quality of life. 
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