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ABSTRACT Background: Angiopoietin-like 4 (ANGPTL4) is a multifunctional protein involved in lipid regulation, energy 
metabolism, angiogenesis, and inflammation. It is highly expressed in the liver. Diabetic patients have meta-

bolic derangement that may linked to ANGPTL4. The aim of this study was to address the role of ANGPTL4 in cardiovascular 
diseases in type 2 diabetes and confirming its relation with lipid and glucose metabolism.
Methods: Quantitative determination of serum ANGPTL4 in 29 patients with DM, (17 without CVD and 12 with CVD) and 12 
non diabetic healthy controls was done. 
Results: Fasting and postprandial ANGPTL4 was higher in complicated diabetic group. Total cholesterol, triglycerides, LDL-
cholesterol, risk ratio1 and 2, FBG and PPBG were elevated in both complicated and non complicated groups, while HDL-
cholesterol was lower in complicated group. Fasting ANGPTL4 was higher than postprandial ANGPTL4 in complicated 
patients. There was a positive correlation between ANGPTL4 and total cholesterol, LDL-cholesterol and triglycerides in CVD 
patients. 
Conclusions: Elevated ANGPTL4 associated with elevation of cholesterol, triglycerides and LDL-cholesterol and lowering 
HDL-cholesterol could be reflects cardiovascular risk in diabetics or even normals.

Introduction 
Angiopoietin-like proteins (ANGPTLs) are considered as a 
group of proteins which play an important role in energy 
metabolism and they have similarity in their tertiary structure 
with angiopoietins containing two domains, one N-terminal 
coiled-coil domain and one C-terminal fibrinogen-like do-
main (Kersten, 2005).

ANGPTL4 is a member of ANGPTLs and it is known as per-
oxisome proliferator-activated receptor (PPAR) containing 
two ligands, PPARα and PPARα (Kersten, 2000). ANGPTL4 is 
known as fasting-induced adipose factor (FIAF) where it is 
controlled by nutritional state, so it increased (especially in 
liver) by fasting and decreased by fatty meal feeding (Yoon, 
2000); also it is identified as hepatic fibrinogen angiogenic-
related protein (HFARP) (Kim, 2000). The expression of AN-
GPTL4 was in higher concentrations in liver, then in adipose 
tissue, followed by thyroid gland, brain and finally in intestine 
(Kersten, 2009). It is involved in the energy releasing during 
α-oxidation of fatty acids and also involved in the consump-
tion of energy (Yu, 2005).

ANGPTL4 seems to be a hyperlipidemic agent because it 
makes an inhibition to lipoprotein lipase (LPL) by conversion 
of it from an active dimmer form to an inactive one producing 
monomers leading to decreasing lipase activity in adipose tis-
sue (Yoshida, 2002 and Sukonina, 2006). On the other hand, 
the deficiency of ANGPTL4 makes lipid metabolism better 
and may avoid certain cardiovascular problems like athero-
sclerosis (Adachi, 2009). Also it improves glucose tolerance 
by decreasing blood glucose level (Xu, 2005). ANGPTL4 was 
found to be upregulated in the adipose tissue of women and 
men suffering from obesity which indicates and confirms the 
essential role of ANGPTL4 in the metabolism of glucose and 
lipids in obese women and men (Rodríguez-Acebes, 2010).

Type 2 diabetes mellitus (DM) is a chronic condition and con-
sidered as a major cause of mortality and morbidity for its 
micro-vascular (retinopathy, nephropathy and neuropathy) 

and macro-vascular (coronary heart disease, peripheral vas-
cular disease and stroke) complications. It is a multi-factorial 
disease that in its development in addition to genetic pre-
disposition, play role in a number of environmental factors 
such as poor nutrition, lack of physical activity and obesity. 
Among these factors, obesity has more potent relationship 
with type 2 diabetes which may link the ANGPTL4 to diabetic 
complications (Li, 2011).

CVD broadly defined as stroke, coronary artery disease, and 
peripheral vascular disease is the major cause of morbidity 
and mortality in persons with type 2 DM. CVD leads to 65% 
of deaths in diabetic patients. Diabetes creates alterations in 
function of endothelial cells, smooth muscle cells and plate-
lets that lead to vascular dysfunction. Also insulin resistance, 
hyperglycemia and dyslipidemia can lead to arterial athero-
sclerosis in diabetic patients (Beckman, 2002).

This study has been conducted to evaluate fasting and post-
prandial serum ANGPTL4 levels and its relation to lipid pro-
file and cardiovascular complications in type 2 diabetic pa-
tients aiming to address the role of ANGPTL4 as a predictor 
for CVD in type 2 DM.

Subjects and methods
Study Population: This study was conducted on 29 patients 
with DM as well as 12 non diabetic healthy volunteers to 
serve as control. All subjects were informed of the purpose 
of the study and their consent was obtained. DM is diag-
nosed and classified according to the American Diabetes As-
sociation criteria (Expert Committee on the Diagnosis and 
Classification of Diabetes Mellitus, 2003). A detailed history 
and complete clinical examination was done. All patients’ 
demographic and clinical data were collected in the form of 
age, gender, weight and height. Body mass index (BMI) was 
calculated as an index of the weight (in kilograms) divided by 
the square of the height (in meters). Centers for Disease Con-
trol and Prevention (CDC) classify the normal range of BMI 
to be between 18.5–24.9 kg/m2, overweight BMI between 
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25–29.9 kg/m², and the obese BMI > 30 kg/m2. Systolic and 
diastolic blood pressures were recorded as a mean of 3 suc-
cessive measurements. Non diabetic volunteers were judged 
to be in good health according to their medical history and 
physical examination as well as their fasting and postprandial 
blood glucose.

Diabetic patients were classified to 2 groups according to 
the presence of CVD (hypertension, ischemic heart disease 
and cerebrovascular stroke); group D without CVD and group 
DC with CVD as well as group C (control). Diabetic patients 
with CVD were 68.2% hypertensive, 25.8% ischaemic heart 
diseases as well as 6% with cerebrovascular stroke.

Sampling: three blood samples were drawn from the pa-
tients. Overnight fasting sample for lipid profile determina-
tion. 6-8 hours fasting and 2 hours postprandial samples for 
other parameters. All blood samples were allowed to stand 
till clotting; the serum was aspirated and divided into ali-
quots for analysis of different parameters.

Laboratory investigations were performed including; serum 
ANGPTL4 which was measured using a human ANGPTL4 
ELISA kit (Ray Biotech, Inc.) by the method of Robciuc et 
al., 2010 ; fasting and postprandial blood glucose (FBG and 
PPBG) levels were determined by colorimetric method of Pal 
et al., 2008; serum total cholesterol (TC) was measured using 
the method of Allain et al., 1974; serum triglycerides (TG) was 
measured using the method of Ter Welle et al., 1984; serum 
HDL-cholesterol (HDL-C) was measured using the method of 
Burstein et al., 1970 and serum LDL-cholesterol (LDL-C) was 
calculated using the Friedewald formula.

Risk ratio1 (RR1) is obtained by dividing of total cholesterol 
by HDL-cholesterol (TC: HDL-C) and risk ratio2 (RR2) is ob-
tained by dividing of LDL-cholesterol by HDL-cholesterol 
(LDL-C: HDL-C), and these ratios are considered the greatest 
valuable for evaluation of CVD (National Cholesterol Educa-
tion Program, 1994 and Grundy, 1989). 

Statistical analysis
The collected data were tabulated and statistically analyzed 
using GraphPad InStat Version 3 for windows XP and Graph-
Pad Prism 4 (GraphPad Software, Inc.). All data were expressed 
as mean ±SEM. The level of statistical significance was taken 
at P<0.05, comparison of variables among groups of the study 
was made by one-way analysis of variance (ANOVA) followed 

by Tukey-Kramer multiple comparisons test to judge the dif-
ference between various groups. Correlation between serum 
ANGPTL4 and other parameters of the subjects was deter-
mined by Pearson’s Product correlation coefficient (r) to test 
the strength of association between serum ANGPTL4 and 
other variables. Differences were considered statistically sig-
nificant at P<0.05 and highly significant at P<0.01.

Results
Table 1 summarizes the different characters of control and all 
diabetic groups. There was no significant difference between 
diabetic patients and control in age, weight, height and BMI. 
As regard systolic and diastolic blood pressure were of high 
significant difference between control and diabetic patients.

Table 1: Comparison between the control (C) group and 
all diabetic groups in all characters (Mean±SEM). P< 0.05 
significant. a=high significance from control (C) group.

Characters Group 2 and 
3 n=29

Group 1 (C) 
n=12 P value Significance

Age (year) 33 – 72 31 – 75 0.07 N.S.

Weight (Kg) 83.22±2.50 75.50±5.17 0.13 N.S.

Height (cm) 175.06±1.28 176.75±1.08 0.43 N.S.

BMI (Kg/m²) 27.11±0.70 24.22±1.78 0.07 N.S.

Systolic B. P. 
(mmHg) 135.55±1.70 a 121.25±1.75 < 0.0001 H.S.

Diastolic B. 
P. (mmHg) 89.82±1.20 a 82.50±0.75 0.0005 H.S.

Table 2 represents the lab investigations of the diabetic pa-
tients compared to the control. There were a highly significant 
increase in FBG, PPBG, fasting and postprandial ANGPTL4, 
TC, LDL-C, RR1 and RR2 in diabetic patients compared with 
control (P<0.01). TG show significant increase in diabetic pa-
tients compared with control (P<0.01). While HDL-C was not 
significantly differ between the 2 groups (P< 0.05).

Table 3 and figure 1 shows highly significant increase in both 
fasting and postprandial ANGPTL4  beside LDL-C, risk ratio1 
and 2 in CVD  complicated diabetic patients compared to 
non CVD complicated patients (P<0.01). Also TC was signifi-
cantly increased in CVD diabetic patients compared to non 
CVD complicated patients (P<0.01). However FBG, PPBG, 
TG and HDL-C were not significantly differing between the 
2 groups (P< 0.05).

Table 2: Comparison between the control (C) group and all diabetic groups in all parameters (Mean±SEM). P< 0.05 significant. 
a=significance from control (C) group.
Parameters Group 2 and 3 n=29 Group 1 (C) n=12 P value Significance
Fasting blood glucose (mg/dl) 176.03±11.29 a 85±2.05 < 0.0001 H.S
Postprandial blood glucose (mg/dl) 232.27±12.33 a 98.5±2.37 < 0.0001 H.S
Fasting ANGPTL4 (pg/ml) 855.48±159.22 a 445.41±49.04 < 0.0001 H.S
Postprandial ANGPTL4 (pg/ml) 735.86±136.44 a 477.25±81.25 0.0009 H.S
Total Cholesterol (mg/dl) 198.13±6.23 a 151.0±5.73 < 0.0001 H.S
Triglycerides (mg/dl) 129.79±7.84 a 82.00±7.55 0.04 S
HDL-Cholesterol (mg/dl) 49.68±2.60 56.16±4.43 0.33 N.S.
LDL-Cholesterol (mg/dl) 122.41±6.43 a 81.83±6.01 < 0.0001 H.S
Risk Ratio1 4.27±0.26 a 2.87±0.24 0.003 H.S
Risk Ratio2 2.70±0.23 a 1.59±0.19 0.005 H.S

Table 3: Comparison between the non complicated diabetic (D) group and complicated diabetic (DC) group in all parameters 
(Mean±SEM). P< 0.05 significant.  a=significance from (D) group.
Parameters Group 2 (D) n=17 Group 3 (DC) n=12 P value Significance
Fasting blood glucose (mg/dl) 172.06±14.09 181.67±19.24 0.30 N.S
Postprandial blood glucose (mg/dl) 225.94±15.30 241.25±20.97 0.29 N.S
Fasting ANGPTL4 (pg/ml) 387.11±33.53 1519±292.17 a < 0.0001 H.S
Postprandial ANGPTL4 (pg/ml) 390.58±34.08 1225.0±273.90 a < 0.0001 H.S
Total Cholesterol (mg/dl) 187.17±6.52 213.66±10.68 a 0.03 S
Triglycerides (mg/dl) 127.53±12.20 133.0±8.33 0.73 N.S
HDL-Cholesterol (mg/dl) 53.64±3.56 44.08±3.28 0.07 N.S
LDL-Cholesterol (mg/dl) 107.94±6.59 142.91±10.01 a 0.005 H.S
Risk Ratio1 3.69±0.27 5.10±0.41 a 0.006 H.S
Risk Ratio2 2.17±0.22 3.46±0.37 a 0.003 H.S
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Figure 1: Fasting and postprandial serum ANGPTL4 in diabetic 
patients with and without CVD (Mean±SEM). P<0.05 significant.

Table 4: Correlation between fasting and postprandial 
serum ANGPTL4 and lab data in diabetic patients with and 
without CVD complication. Significant at P<0.05 and highly 
significant at P<0.01.

Variables
Fasting serum 
ANGPTL4

Postprandial serum 
ANGPTL4

P R Sig. P R Sig.
Group D
TC 0.03 0.50 S 0.04 0.49 S
LDL-C 0.01 0.58 S 0.04 0.49 S
HDL 0.51 -0.17 NS 0.36 0.23 NS
TG 0.47 0.18 NS 0.51 -0.16 NS
RR1 0.04 0.49 S 0.48 0.18 NS
RR2 0.03 0.52 S 0.24 0.29 NS
FBG 0.82 -0.05 NS 0.59 0.13 NS
PPBG 0.45 -0.19 NS 0.52 -0.16 NS
Group DC
TC 0.009 0.71 HS 0.01 0.69 S
LDL-C 0.047 0.58 S 0.04 0.58 S
HDL 0.54 0.19 NS 0.41 0.25 NS
TG 0.007 0.72 HS 0.03 0.61 S
RR1 0.41 0.25 NS 0.89 0.04 NS
RR2 0.43 0.24 NS 0.94 0.02 NS
FBG 0.83 -0.06 NS 0.82 -0.07 NS
PPBG 0.64 -0.14 NS 0.77 -0.09 NS

Fasting ANGPTL4 was positively correlated with both TC and 
LDL-C in CVD complicated diabetic patients as well as non 
complicated (table 4 and figure 2). There was positive corre-
lation with TG in CVD complicated diabetic patients only. No 
correlation was found between ANGPTL4 and HDL in both 
groups, but it positively correlated with both risk ratio1 and 2 
in diabetic patients without CVD complication.

Also, postprandial ANGPTL4 was positively correlated with 
TC and LDL-C in diabetic patients with and without CVD 
complication (table 4 and figure 3). There was positive cor-
relation with TG in CVD complicated diabetic patients only. 
There was no significance for fasting and postprandial AN-
GPTL4 with FBG and PPBG (figure 4).

Figure 2: Correlation between fasting serum ANGPTL4 and 
other parameters in diabetic groups with and without CVD. 
P< 0.05 significant. The correlation was positive with A=TC, 
B=LDL-C, C=RR1, D=RR2 in D group and with E=TC, F=LDL-
C, G=TG in DC group.

Figure 3: Correlation between postprandial serum ANGPTL4 
and other parameters in diabetic groups with and without 
CVD. P< 0.05 significant. The correlation was positive with 
A=TC, B=LDL-C in D group and with C=TC, D=LDL-C, E=TG 
in DC group.

Figure 4: Correlation between fasting and postprandial serum 
ANGPTL4 and FBG and PPBG in diabetic groups with and 
without CVD. P< 0.05 significant. There was no correlation. 

Discussion 
Over the past decade research has shown, adipose tissue has 
an important endocrine function beside its role for the stor-
age and release of fatty acids (Batra, 2012). In addition, AN-
GPTL4 has role in lipid metabolism as been confirmed by an 
increased plasma TG by intravenous injection of ANGPTL4 
into the mice (Yoshida, 2002).

Our study measured serum ANGPTL4, one of the ade-
pokines, to define its role in CVD in diabetic patients. The 
results show its highly significant increase in diabetic patients 
compared to control. ANGPTL4 inhibit lipoprotein metabo-
lism via their ability to inhibit the activity of LPL. LPL activity 
in a given tissue is the rate limiting step for the uptake of 
triglyceride-derived fatty acids. Imbalances in the partition-
ing of fatty acids have major metabolic consequences as DM 
(Miida, 2010). Also our results revealed a highly significantly 
increase in ANGPTL4 in diabetic patients with CVD com-
pared with diabetic without CVD.

Plasma TG concentrations are determined by the balance 
between production of the triglyceride-rich lipoproteins 
VLDL and chylomicrons in liver and intestine, and their LPL-
mediated clearance in peripheral tissues. ANGPTL4 impair 
TG clearance by inhibiting LPL (Mattijssen, 2012). Our results 
are in line with Stejskal et al, 2008 which reported a posi-
tive correlation between TG levels and ANGPTL4 in a study 
of patients with metabolic syndrome. They also reported a 
negative correlation between HDL and ANGPTL4.

However these results contradict Smart-Halajko, 2010 and 
Robciuc, 2010 results which show that circulating ANGPTL4 
levels did not correlate with plasma TG levels. And they ex-
plain the results by Nilsson et al., 2009 data which reported 
that the inactivation of LPL by ANGPTL4 was significantly 
weakened in the presence of TG-rich lipoproteins and con-
cluded that circulating ANGPTL4 may have less of an effect 
on LPL activity than tissue-bound ANGPTL4.

The mean values of serum ANGPTL4 in diabetic CVD group 
in fasting were higher than those in postprandial which 
confirm the data of Li, 2006 that ANGPTL4 plays important 
roles in both fed and fasted states however its major role 
in fasting to regulate the tissue-specific delivery of lipopro-
tein-derived fatty acids. ANGPTL4 is thus an endocrine or 
autocrine/paracarine inhibitor of LPL depending on its sites 
of expression.

The present study also shows significant increase in TC and 
LDL in diabetic patients with CVD compared with those with-
out CVD which confirm the role of screening as well as treat-
ment of atherogenic dyslipidemia (Santoso, 2006). This data 
was in line with Lichtenstein et al., 2007 and such elevation is 
due to hepatic lipase inhibition by ANGPTL4 which encour-
age liver to increase its levels of cholesterol. 

Also TG in complicated group show higher levels than other 
groups either by the inhibition of ANGPTL4 to LPL (Desai, 
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2007). HDL-C values in complicated group are lower than 
those of non complicated and control group, in turn the low 
HDL-C and higher TG levels can be used as a good indicator 
for various CVD (Grundy, 2005 and Rana, 2007).

Conclusions
Serum ANGPTL4 was increased during prolonged fasting 

which associated with corresponding elevation of TC, TG, 
LDL-C, RR1 and RR2 in type 2 diabetic patients with and with-
out CVD complications rather than normal persons. Briefly, 
measurement of fasting serum ANGPTL4 beside lipid profile 
may be used as good predictors for detection of early CVD 
in normal persons and type2 diabetic patients without CVD 
complications.
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