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Abstract
Background Diabetic dyslipidemia is a complex multidimensional abnormality. However, earlier studies did not 
focus on the prevalence of various patterns of dyslipidemia. We categorized dyslipidemia into three groups. Single 
dyslipidemia (7 patterns) and mixed dyslipidemia consisted of dual (16 patterns) and triple (4 patterns) combinations 
of different patterns of single dyslipidemia.

Methods This cross-sectional study included 2097 patients with type 2 diabetes (T2D) between 2014 and 2021. We 
measured blood lipid profile parameters and calculated the atherogenic index of plasma (AIP) using log (TG/HDL-C). 
We analyzed dyslipidemia as a categorical variable and expressed results as numbers and percentages. We used Chi-
square or Fisher exact tests to compare categorical variables.

Results A total of 97.81% of patients had at least one lipid abnormality. High AIP (88.0%) was the most common 
pattern, followed by LDL-C ≥ 70mg/dl (80.1%), and low HDL-C (58.0%). 73.87% of patients had mixed dyslipidemia. The 
dual combination of high AIP and LDL-C ≥ 70mg/dl was the most common pattern of mixed dyslipidemia (71.1%). 
Additionally, 24.7% of patients had triple combination dyslipidemia. All dyslipidemia patterns were more common 
among women than men, except for high AIP. In patients with T2D and coronary artery disease (CAD) history, high 
AIP was the most prevalent pattern of dyslipidemia (87.5%), followed by LDL ≥ 70mg/dl (68.6%). Also, the dual 
combination of high AIP and LDL ≥ 70mg/dl was the most common pattern of mixed dyslipidemia in patients with 
T2D and CAD history (60.67%).

Conclusion This study showed that single and mixed (dual and triple combination) dyslipidemia is common among 
patients with T2D. High AIP and LDL-C ≥ 70mg/dl were the most common patterns, either single or combined, in 
patients with or without CAD.
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Introduction
The prevalence of diabetes, especially type 2, has risen 
dramatically in the past decades. This increase is due to 
obesity, poor lifestyle, unhealthy dietary habits, aging, 
and increased life expectancy. The international dia-
betes federation (IDF) estimated the global prevalence 
of diabetes at 8.8% (425million) in 2017 and at 10.5% 
(536.6million people) in 2021, rising to 12.2% (783.2mil-
lion) in 2045[1, 2]. Diabetes caused 6.7million deaths in 
2021, which means; one death every five seconds [3].

Cardiovascular diseases (CVD), including; coronary 
artery disease (CAD), myocardial infarction (MI), stroke, 
and congestive heart failure, are the primary causes of 
death in patients with T2D [4]. The focus on diabetic dys-
lipidemia, especially increased LDL-C, has been mostly 
on the risk of CVD. However, different patterns of dyslip-
idemia have been reported in various cancers, especially 
high TG and low HDL-C in colorectal, prostate, lung, 
breast, and endometrial cancers [5–9]. Also, dyslipidemia 
is associated with microvascular complications of diabe-
tes, including retinopathy and nephropathy [10, 11].

Many studies determined the prevalence of dyslipid-
emia in the general population [12–18] and in patients 
with diabetes, focused on single dyslipidemia, especially 
high LDL-C. [19–29]. LDL-C was calculated using the 
Friedewald formula. Few studies reported the prevalence 
of mixed dyslipidemia in patients with diabetes, includ-
ing dual and triple combinations of high TG, high LDL-
C, or low HDL-C [19, 20, 25, 27, 28]. However, different 
patterns of diabetic dyslipidemia and their effects have 
not been studied well.

Diabetic dyslipidemia usually has been defined as high 
Triglyceride (TG), high low-density lipoprotein choles-
terol (LDL-C), and low high-density lipoprotein choles-
terol (HDL-C). However, less attention has been paid to 
the other dyslipidemia patterns. In the current study, we 
considered single dyslipidemia, including; high TG, high 
LDL-C, low HDL-C, high non-high-density lipoprotein 
cholesterol (non-HDL-C), high atherogenic index of 
plasma (AIP), and mixed dyslipidemia; which we defined 
as the dual and triple combinations of different patterns 
of single dyslipidemia.

Therefore, we conducted a study on 2097 patients with 
T2D in an Iranian population to determine the preva-
lence of different patterns of single or mixed dyslipidemia 
using lipid profile (TG, LDL-C, HDL-C, non-HDL-C, 
AIP).

Material and methods
Study design & data collection
We designed a cross-sectional study and evaluated 
patients with T2D referred to the diabetes clinic of 
Vali-E-Asr hospital affiliated with Tehran University of 
medical sciences between 2014 and 2021. We diagnosed 

diabetes with the American Diabetes Association (ADA) 
Criteria. We obtained the age and duration of diabetes 
using a questionnaire. Well-trained examiners conducted 
anthropometric measurements, including height, weight, 
and waist circumference. Using a stadiometer (rounded 
to the nearest 0.1cm), we measured height in the 
upright position. Using a calibrated balance beam scale, 
we measured weight in the upright position (rounded 
to the nearest 0.1kg). We calculated body mass index 
(BMI) by dividing weight (kg) by height squared (m2). 
We measured waist circumference at the middle point 
between the lower borders of the rib cage and the iliac 
crest (rounded to the nearest 0.1cm) [30]. Well-trained 
nurses measured blood pressure using a calibrated mer-
cury sphygmomanometer. We measured fasting blood 
glucose (FBS), HbA1C, 2-hour postprandial blood glu-
cose (2hpp), creatinine, and blood lipid profile, including 
TG, total cholesterol, LDL-C, and HDL-C. We calculated 
non-HDL-C by reducing HDL-C from total cholesterol 
and AIP using the log (TG/HDL-C) formula.

We included patients with at least one complete blood 
lipid profile (TG, total cholesterol, LDL-C, HDL-C) in 
this study. We calculated the mean values for patients 
with multiple blood lipid profile results. The patients 
mainly were homogenous, middle class, with middle to 
high school education levels. They had access to health 
care facilities and insurance. Also, approximately 95% of 
patients were taking Statins. Imam Khomeini hospital’s 
institutional research ethics committee approved this 
study (Ethics code: IR.TUMS.IKHC.REC.1398.270), and 
we obtained informed consent from all patients.

Variable definitions
We divided dyslipidemia patterns based on NCEP ATP 
III (National Cholesterol Education Program-Adult 
Treatment Panel III) and AHA/ACC (The American 
Heart Association/The American College of Cardiology) 
guidelines into two main groups [31, 32]: (A) Single dys-
lipidemia and (B) mixed dyslipidemia. We defined single 
dyslipidemia as a disorder in a lipid profile component 
that included seven patterns: high TG (≥ 150 and ≥ 200), 
high LDL-C (≥ 70 and ≥ 100), low HDL-C (< 40 in men 
and < 50 in women), high non-HDL-C (≥ 130), and high 
AIP (> 0.24) [33]. Patients with single dyslipidemia may 
have other patterns of dyslipidemia. Mixed dyslipidemia 
consisted of dual and triple combinations. We defined 
dual combination dyslipidemia as a concurrent distur-
bance in two and triple combination dyslipidemia as a 
concurrent disturbance in three different lipid profile 
parameters. Dual and triple combination dyslipidemia 
included 16 and 4 patterns, respectively (Fig.1).

Also, we investigated the prevalence of dyslipidemia in 
patients with T2D and a history of coronary artery dis-
ease (CAD). CAD was defined as stable angina, unstable 
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angina, ST-segment elevation myocardial infarction 
(STEMI), or non-ST segment elevation myocardial 
infarction (NSTEMI).

Data analysis
We analyzed the data using SPSS software version 24 
(SPSS, Inc.). Using the cutoffs stated above, we analyzed 
dyslipidemia as a categorical variable and expressed 
results as numbers and percentages. We used Chi-square 
or Fisher exact tests to compare categorical variables 

and considered a P-value lower than 0.05 statistically 
significant.

Results
Baseline characteristics
A total of 2097 patients were included in this study, con-
sisting of 1235(58.9%) women and 862(41.1%) men. 51.1% 
of patients (1072), including 54.3% of women (671) and 
46.5% of men (401), had hypertension. Mean age, systolic 
blood pressure (SBP), fast blood sugar (FBS), HbA1C, 
2-hour postprandial (2hpp), and creatinine were higher 
among men than women. However, mean body mass 
index (BMI), waist circumference (WC), diastolic blood 
pressure (DBP), and the duration of diabetes were higher 
among women than men (Table1).

Dyslipidemia patterns
Approximately 97.81% of patients (2051) had at least 
one lipid abnormality. 26.61% of patients (558) had iso-
lated dyslipidemia, and 71.2% of patients (1493) had 
mixed dyslipidemia (dual or triple combination). The 
most prevalent pattern of dyslipidemia was high AIP 
(> 0.24) (88.0%). The second most common pattern was 
LDL-C ≥ 70 (80.1%) (Table1).

The most common pattern of mixed dyslipidemia 
was the dual combination of LDL-C ≥ 70 and high AIP 
(71.1%). The dual combination of high AIP and low 
HDL-C was the second most common pattern of mixed 
dyslipidemia (68.5%) (Table2). Also, 24.7% of patients 
(518) had triple combination dyslipidemia. The most fre-
quent pattern of triple combination dyslipidemia was the 
combination of TG ≥ 150, LDL-C ≥ 70, and low HDL-C 
(< 40 in men and < 50 in women) (24.7%) (Table3).

We found that 98.14% of women (1212) and 97.33% of 
men (839) had at least one lipid abnormality. 21.46% of 
women (265) and 33.99% of men (293) had isolated dys-
lipidemia. 76.68% of women (947) and 63.34% of men 
(546) had mixed dyslipidemia (dual or triple combina-
tion). The most common pattern in both genders was 
high AIP (> 0.24); 87.8% in women and 88.3% in men. The 
second most common pattern was LDL-C ≥ 70 and simi-
lar among women (81.9%) and men (77.5%).

The most prevalent pattern of mixed dyslipidemia in 
women and men was the dual combination of LDL-C ≥ 70 
and high AIP (> 0.24); 72.7% in women and 68.7% in 
men. The dual combination of low HDL-C and high AIP 
(> 0.24) was the second most prevalent pattern of mixed 
dyslipidemia in women (64.9%) and men (43.7%).

All patterns of dyslipidemia were more prevalent 
in women than men, except for high AIP (> 0.24). 
Some of these differences were statistically significant 
(P-value < 0.05).

Fig. 1 Different patterns of dyslipidemia in the current study
 TG: triglyceride; LDL: low-density lipoprotein; HDL: high-density lipopro-
tein; non-HDL: non-high-density lipoprotein (Total cholesterol minus HDL-
C); AIP: atherogenic index of plasma (log (TG/HDL-C))
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Table 1 Baseline characteristics of patients
Total Women Men

Age (years) 57.73 ± 10.59 a 56.88 ± 10.01 59.03 ± 
11.29

The duration of diabetes (years) 8.70 ± 7.54 9.02 ± 7.70 8.27 ± 7.31

WC (cm) 96.26 ± 11.71 96.45 ± 12.29 96.01 ± 
10.78

BMI (Kg/m2) 28.55 ± 4.79 29.58 ± 5.01 27.30 ± 4.57

SBP (mmHg) 131.84 ± 20.66 131.68 ± 21.10 132.18 ± 
20.64

DBP (mmHg) 78.86 ± 12.11 78.91 ± 12.83 78.83 ± 
12.22

FBS (mg/dL) 180.30 ± 73.02 179.96 ± 73.63 180.51 ± 
72.00

HbA1C (%) 8.17 ± 1.85 8.13 ± 1.79 8.22 ± 1.93

2hPP (mg/dL) 244.35 ± 100.21 238.24 ± 98.02 252.41 ± 
103.08

Creatinine (mg/dl) 1.01 ± 0.29 0.94 ± 0.26 1.11 ± 0.31

TG ≥150 mg/dl 957(45.6%) b 600(48.6%) 357(41.4%)*

TG ≥200 mg/dl 554(26.4%) 337(27.3%) 217(25.2%)

LDL ≥70 mg/dl 1679(80.1%) 1011(81.9%) 668(77.5%)*

LDL ≥100 mg/dl 877(41.8%) 538(43.6%) 339(39.3%)

HDL (<40 mg/dl M & <50 mg/
dl W)

1217(58.0%) 834(67.5%) 383(44.5%)

non-HDL ≥130 mg/dl 894(42.6%) 553(44.8%) 341(39.6%)*

AIP >0.24 1845(88.0%) 1084(87.8%) 761(88.3%)
aData are mean ± SD in 2097 patients with type 2 diabetes mellitus
bData are number of patients (prevalence %)

*p-value < 0.05

WC:waist circumference; BMI:body mass index; SBP:systolic blood pressure; DBP:diastolic blood pressure; FBS:fast blood sugar; HbA1C: hemoglobin A1C; 2hPP:2-
hour postprandial; TG: triglyceride; LDL: low-density lipoprotein; HDL: high-density lipoprotein; non-HDL: non-high-density lipoprotein (Total cholesterol minus 
HDL-C); AIP: atherogenic index of plasma (log (TG/HDL-C))

Table 2 Patterns of dual combination dyslipidemia in the studied population
Total N(%) Women N(%) Men N(%)

TG ≥ 150mg/dl & LDL ≥ 70mg/dl 803(38.3%) a 510(41.3%) 293(34.0%)*

TG ≥ 150mg/dl & LDL ≥ 100mg/dl 483(23.0%) 314(25.4%) 169(19.6%)*

TG ≥ 150mg/dl & HDL (< 40mg/dl M & < 50mg/
dl W)

631(30.1%) 445(36.1%) 186(21.5%)

TG ≥ 150mg/dl & Non-HDL ≥ 130mg/dl 597(28.5%) 381(30.9%) 216(25.1%)*

TG ≥ 150mg/dl & AIP > 0.24 954(45.5%) 597(48.3%) 357(41.4%)*

TG ≥ 200mg/dl & LDL ≥ 70mg/dl 464(22.1%) 287(23.2%) 177(20.5%)

TG ≥ 200mg/dl & LDL ≥ 100mg/dl 300(14.3%) 190(15.4%) 110(12.8%)

TG ≥ 200mg/dl & HDL (< 40mg/dl M & < 50mg/
dl W)

386(18.4%) 264(21.4%) 122(14.2%)

TG ≥ 200mg/dl & Non-HDL ≥ 130mg/dl 394(18.8%) 241(19.5%) 153(17.7%)

TG ≥ 200mg/dl & AIP > 0.24 554(26.4%) 337(27.3%) 217(25.2%)

HDL(< 40mg/dl M & < 50mg/dl W) & LDL ≥ 70mg/dl 944(45.0%) 669(54.2%) 275(32.0%)

HDL(< 40mg/dl M & < 50mg/dl W) & LDL ≥ 100mg/dl 471(22.5%) 348(28.2%) 123(14.3%)

HDL(< 40mg/dl M & < 50mg/dl W) & AIP > 0.24 1179(56.2%) 802(64.9%) 377(43.7%)

AIP > 0.24 & LDL ≥ 70mg/dl 1490(71.1%) 898(72.7%) 592(68.7%)*

AIP > 0.24 & LDL ≥ 100mg/dl 794(37.9%) 489(39.6%) 305(35.4%)*

AIP > 0.24 & Non-HDL ≥ 130mg/dl 839(40.0%) 518(41.9%) 321(37.2%)*
a. Data are number of patients (prevalence %)

*p-value < 0.05

TG: triglyceride; LDL: low-density lipoprotein; HDL: high-density lipoprotein; non-HDL: non-high-density lipoprotein (Total cholesterol minus HDL-C); AIP: 
atherogenic index of plasma (log (TG/HDL-C)); M. men; W: women
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Dyslipidemia in patients with T2D and CAD history
A total of 328 (15.64%) patients had CAD history, includ-
ing 141 (11.42%) women and 187 (21.7%) men. Among 
this group, high AIP (> 0.24) was the most prevalent pat-
tern of dyslipidemia (87.5%), followed by LDL ≥ 70mg/dl 
(68.6%). Also, the dual combination of high AIP (> 0,24) 
and LDL ≥ 70mg/dl was the most common pattern of 
mixed dyslipidemia (60.67%). If we categorize LDL-C lev-
els based on the American Association of Clinical Endo-
crinologists and American College of Endocrinology 
(AACE/ACE) guidelines [34], LDL-C ≥ 55 was the most 
prevalent pattern of dyslipidemia among patients with 
T2D and CAD history (88.7%) (Table4).

Blood lipid profile without threshold
We also plotted the components of the blood lipid pro-
file in terms of 3 independent axes without selecting a 
threshold (Fig.2). 3-D scatterplots were used to investi-
gate the relationship between TG, LDL-C, HDL-C, and 
LDL-C, non-HDL-C, AIP. We found that the dots were 
clustered together in both graphs. These patterns showed 
that the levels of blood lipid profile components were not 
within the optimal range in most patients with T2D.

Discussion
In this study, 97.81% of patients had at least one lipid 
abnormality. In previous studies, the prevalence of dys-
lipidemia in patients with diabetes has been reported to 
be 95% in Pakistan [19], 90.7% in south-east Nigeria [25], 
90% in Iran [13], 89% in Nigeria [20], and 67.1% in China 
[22]. Also, we calculated AIP for each patient, which has 
been shown to predict cardiovascular risk better than its 
components alone (TG and HDL-C) [35].

The most prevalent pattern of dyslipidemia in the cur-
rent study was high AIP. Other studies focusing on single 
dyslipidemia showed that high LDL-C (≥ 70 or ≥ 100mg/
dl) [19, 24, 26, 29] or low HDL-C (< 40mg/dl in men and 
< 50mg/dl in women) [20, 22, 25] were the most common 
patterns among patients with diabetes. These differences 
may be due to different genetic predispositions, socio-
economic factors, dietary habits, and medications pre-
scribed in different regions.

Earlier studies have shown that low HDL-C is common 
among the Iranian population [12, 14]. In the same way, 
we found that low HDL-C was prevalent in the studied 
population. The prevalence of low HDL-C in this study 
was higher than a study conducted among patients with 

Table 3 Patterns of triple combination dyslipidemia in the studied population
Total N(%) Women N(%) Men N(%)

TG (≥ 150mg/dl) & LDL (≥ 70mg/dl) & HDL
(< 40mg/dl M & < 50mg/dl W)

518(24.7%) a 372(30.1%) 146(16.9%)

TG (≥ 150mg/dl) & LDL (≥ 100mg/dl) & HDL
(< 40mg/dl & M < 50mg/dl W)

289(13.8%) 222(18.0%) 67(7.8%)

TG (≥ 200mg/dl) & LDL (≥ 70mg/dl) & HDL
(< 40mg/dl M & < 50mg/dl W)

320(15.3%) 223(18.1%) 97(11.3%)

TG (≥ 200mg/dl) & LDL (≥ 100mg/dl) & HDL
(< 40mg/dl M & < 50mg/dl W)

192(9.2%) 144(11.7%) 48(5.6%)

a. Data are number of patients (prevalence %)

All p-values are < 0.05

TG: triglyceride; LDL: low-density lipoprotein; HDL: high-density lipoprotein; M: men; W: women

Table 4 The most prevalent patterns of dyslipidemia in patients with type 2 diabetes and CAD history
Total N(%) Women N(%) Men N(%)

(Single)
LDL ≥ 55mg/dl 291(88.7%) a 124(87.9%) 167(89.3%)

LDL ≥ 70mg/dl 225(68.6%) 102(72.3%) 123(65.8%)

AIP > 0.24 287(87.5%) 120(85.1%) 167(89.3%)

(Dual combination)
AIP (> 0.24) & LDL ≥ 55mg/dl 258(78.66%) 107(75.89%) 151(80.75%)

AIP (> 0.24) & LDL ≥ 70mg/dl 199(60.67%) 88(62.41%) 111(59.36%)

AIP (> 0.24) & HDL (< 40mg/dl M & < 50mg/dl W) 169(51.52%) 94(66.67%) 75(40.11%)

(Triple combination)
TG (≥ 150mg/dl) & LDL (≥ 55mg/dl) & HDL (< 40mg/dl M & < 50mg/dl W) 73(22.3%) 44(31.2%) 29(15.5%)

TG (≥ 150mg/dl) & LDL (≥ 70mg/dl) & HDL(< 40mg/dl M & < 50mg/dl W) 59(18.0%) 37(26.2%) 22(11.8%)

TG (≥ 200mg/dl) & LDL (≥ 55mg/dl) & HDL(< 40mg/dl M & < 50mg/dl W) 48(14.6%) 29(20.6%) 19(10.2%)
a. Data are number of patients (prevalence %)

All p-values are < 0.05

CAD: coronary artery disease; TG: triglyceride; LDL: low-density lipoprotein; HDL: high-density lipoprotein; AIP: atherogenic index of plasma (log (TG/HDL-C)); M: 
men; W: women
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diabetes in China (27.6%) [22], while it was less prevalent 
than in studies conducted among patients with diabetes 
in Nigeria (62%) and Nepal (64%) [25, 29].

Previous studies focused on patterns of single dys-
lipidemia, especially high LDL-C, and their associa-
tion with CVD. However, it has been shown that mixed 
dyslipidemia, especially combination of high TG (≥ 150 
or ≥ 200mg/dl) and low HDL-C (< 40mg/dl in men and 
< 50mg/dl in women), is also important in CVD risk 
[36, 37]. Also, the association between dyslipidemia and 
other disorders, including cancers and microvascular 
complications (nephropathy and retinopathy), has been 
reported [10, 11, 38, 39]. Therefore, in addition to CVD, it 
is worthwhile considering different single and mixed dys-
lipidemia patterns in different conditions.

The prevalence of mixed dyslipidemia in the current 
study was 73.87%. We found that the dual combination 
of high AIP (> 0.24) and LDL-C ≥ 70mg/dl was the most 
common pattern of mixed dyslipidemia (71.1%). Earlier 
studies showed that the dual combination of high LDL-C 
(≥ 70 or ≥ 100mg/dl) and low HDL-C (< 40mg/dl in men 
and < 50mg/dl in women) was the most common pattern 
of mixed dyslipidemia among patients with diabetes in 
Pakistan [19], India [28], and United States [40]. Cui et al. 
demonstrated that the dual combination of TG ≥ 150mg/
dl and low HDL-C (< 40mg/dl in men and < 50mg/dl in 
women) was the most common pattern of mixed dyslip-
idemia in patients with diabetes in China [27].

We found that 24.7% of patients had triple combina-
tion dyslipidemia, higher than studies conducted in the 
United States (5.8%) [17] and Pakistan (17%) [19]. The 
combination of TG ≥ 150mg/dl, LDL-C ≥ 70mg/dl, and 
low HDL-C (< 40mg/dl in men and < 50mg/dl in women) 
was the most prevalent pattern of triple combination 
dyslipidemia in the current study (24.7%). Earlier studies 
reported only one pattern of triple combination dyslipid-
emia, which was the triple combination of TG ≥ 150mg/
dl, LDL-C ≥ 100mg/dl, and low HDL-C (< 40mg/dl in 
men and < 50mg/dl in women) with a prevalence of 5.8% 
among the general population in the United States [17] 
and 17.0% among patients with diabetes in Pakistan [19]. 
The prevalence of this pattern in the current study was 
13.8%.

In the current study, all dyslipidemia patterns were 
more common among women than men, except for high 
AIP. Previous studies showed that metabolic disorders, 
including dyslipidemia, increase after menopause in 
women [41]. We found that dyslipidemia was common 
among women and men in patients with T2D. Parikh et 
al. showed that dyslipidemia was more common among 
women than men among patients with diabetes in India 
(97.8% v 85.5%) [28]. In contrast, other studies showed 
that dyslipidemia was more prevalent among men in 
patients with diabetes in Pakistan [19], China [22], and 
Bangladesh [24]. Nakhjavani et al. in Iran reported a 
more atherogenic lipid profile in women [26]. Other 
studies conducted in different regions showed that high 

Fig. 2 Relationship between blood lipid profile components. 3-D Scat-
terplots were used to demonstrate the relationship between (A) TG, LDL, 
HDL, and (B) LDL, non-HDL, AIP.
 The drawn patterns show that the blood lipid levels are not within the 
optimal range
 TG: triglyceride; LDL: low-density lipoprotein; HDL: high-density lipopro-
tein; non-HDL: non-high-density lipoprotein (Total cholesterol minus HDL-
C); AIP: atherogenic index of plasma (log (TG/HDL-C))
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TG [21, 23, 27], high LDL-C [21, 22, 40], or low HDL-C 
[40] were more common among women. Due to the high 
prevalence of dyslipidemia in women and the associa-
tion of dyslipidemia with cancer, particularly breast and 
endometrial cancer [8, 9], more attention is required in 
women, especially after menopause.

In the current study, high AIP (> 0.24) was the most 
common pattern of dyslipidemia among patients with 
T2D and coronary artery disease (CAD) history. One 
study on 514 patients with acute coronary syndrome 
(ACS) in Iran and another survey of 300 proven patients 
with CAD in India showed that the most prevalent pat-
tern of dyslipidemia was high TG [42, 43]. If we catego-
rize LDL-C levels based on the American Association of 
Clinical Endocrinologists and American College of Endo-
crinology (AACE/ACE) guidelines, LDL-C ≥ 55 was the 
most prevalent pattern of dyslipidemia among patients 
with both T2D and CAD history. This difference suggests 
that high AIP (> 0.24) should be considered a significant 
dyslipidemia pattern in patients with T2D and CAD 
history.

In this study, we also considered the levels of the com-
ponents of the lipid profile without choosing a threshold. 
We analyzed the blood lipid levels in terms of 3 indepen-
dent axes. The drawn patterns showed that the blood 
lipid levels in most patients were not optimal and above 
the therapeutic goal. This indicates that despite the mea-
sures and treatments done for patients with T2D, blood 
lipid levels were still high, and more aggressive efforts, 
including combination therapy for dyslipidemia, should 
be considered.

Our limitation was that we did not investigate the prev-
alence of different patterns of dyslipidemia in patients 
with cancer or microvascular complications. The asso-
ciation of high LDL-C, high TG, and low HDL-C with 
CVD, cancers, or microvascular complications has been 
proved. Further studies can investigate the association 
between CVD, cancers, nephropathy, and retinopathy 
with other dyslipidemia patterns (single or mixed) in 
patients with T2D.

Conclusions
The present study described dyslipidemia patterns among 
patients with T2D in an Iranian population. We found 
that a significant number of patients with T2D had single 
or mixed (dual and triple combinations) dyslipidemia. 
Diabetic dyslipidemia usually has been discussed in rela-
tion to cardiovascular diseases. However, the association 
between different patterns of dyslipidemia and cancer or 
microvascular complications should be further investi-
gated. Also, in the current study, high atherogenic index 
of plasma (AIP) and LDL-C ≥ 70 were the most common 
patterns, either single or combined, in patients with or 
without CAD, which suggests that more attention should 

be paid to these patterns in the follow-up of patients with 
T2D.
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