
ORIGINAL ARTICLE

Serum Angiopoietin-2 levels as a marker in type 2 diabetes mellitus
complications

Khalid Siddiqui1 & Salini Scaria Joy1 & Shaik Sarfaraz Nawaz1

Received: 5 October 2017 /Accepted: 18 July 2018 /Published online: 2 August 2018
# Research Society for Study of Diabetes in India 2018

Abstract
Angiopoietin-2 (Ang-2) has been reported to be involved in the development of type 2 diabetes (T2D) and accelerates micro and
macro vascular complication. The current study aimed to investigate serum Ang-2 levels in Saudi patients with type 2 diabetes
and its complications. In this observational cross-sectional study, serum was collected from 329 T2D subjects aged 34–79 years.
All subjects were evaluated for fasting blood glucose (FBG), HbA1c, lipid profile, and kidney profile. Serum concentration of
Ang-2 was assayed by ELISA-based method. Mean serum Ang-2 level was significantly higher in female T2D subjects (2881 ±
1550 pg/ml) compared with male T2D subjects (2450 ± 1477 pg/ml). The mean serum Ang-2 levels in female T2D subjects
significantly increased with increase in their age and BMI, while mean serum Ang-2 levels did not significantly increase among
the male with their age and BMI. A significantly higher level of Ang-2 was found in patients with diabetic complications like
neuropathy (3293 ± 1728 pg/ml), retinopathy (2986 ± 1645 pg/ml), and vascular complications (3152 ± 1571 pg/ml). The study
has established comprehensive Ang-2 levels in various subsets of adults with diabetes. While interpreting Ang-2 levels, the
differences in age and sex need to be taken into account. Diabetic patients with higher Ang-2 levels should be monitored closely
and level of serum Ang-2 should be served as a marker to identify patients at high risk of diabetic complications.
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Introduction

Diabetes mellitus (DM) is a growing health concern globally
and International Diabetes Federation (IDF) estimated that
more than 415 million people were affected with diabetes in
2015. It is also estimated that the number of diabetes cases will
increase to 642 million by 2040, putting a huge burden on
health costs globally [1]. People with diabetes have an in-
creased risk of developing microvascular complications that
lead to blindness, renal failure, nerve damage, and limb am-
putation [2].

In our body, growth, development, and repair of the tissues
are controlled by the process called angiogenesis. For the for-
mation of vascular network in the body, the roles of vascular

endothelial growth factor (VEGF) and angiopoietins are well
characterized [3]. Any dysfunction in angiogenesis will cause
serious health disorders [4]. To stimulate or maintain a healthy
vasculature, performance of both VEGF and angiopoietins
must be synergistic [5]. The angiopoietin family comprises
growth factors—Ang 1–4—that act as ligands for the Tie-2
receptor which is a tyrosine kinase receptor [6]. Among them,
Angiopoietin-1 (Ang-1) and Ang-2 have distinctive role in
developing and maintaining circulatory vasculature. The ac-
tion of VEGF is more important during initial stages and
Angiopoietin-tie 2 signaling is important towards the later
stages. VEGF helps in the initiation of vasculogenesis while
Angiopoietin-tie 2 signaling works towards vessel remodeling
and maturity processes. The action of Ang-2 is always an
antagonist to Tie2/Ang-1 signaling and depends on the tissue
conditions and presence of VEGF; it assists vessel growth as
well as vessel regression [7].

Several studies reported the role of different markers in
diabetes and its complications. Recently, studies on bio-
markers (cystatin C, NGAL, transferrin, metalloproteases
etc.) in Saudi diabetic subjects have shown good diagnostic
accuracy in diabetic complications [8–10]. Even though, these
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studies did not consider sexual dimorphism in the levels of
biomarkers and its application in clinical practices is not yet
proven because of the study design. A recent study reported
the sexual dimorphism in diabetic vascular complications as
well as microvascular complications [11]. In view of growing
importance for Ang-2 as prospectivemarker of vascular health
status and diabetic complications, we evaluated the gender
differences in the level of serum Ang-2 in Saudi diabetic adult
and its relevance with the diabetic complications. The study
will establish the levels of Ang-2 in Saudi type 2 diabetic
adults with different complications.

Materials and methods

This is an observational cross-sectional study conducted in the
University Diabetes Center at King Saud University. The
study protocol was approved by the Institutional Review
Board (IRB) and was conducted in accordance with the guide-
lines set by Ethics Committee of the College of Medicine,
King Saud University.

Study subjects

A total of 370 type 2 diabetic patients, who did not have any
other illness, were recruited from general diabetes clinic. We
excluded 6 female subjects who were pregnant at the time of
recruitment. From the remaining 364 subjects, we excluded 35
subjects with > 30 years of diabetes duration. Finally, a total of
329 subjects were selected; 149 males (45.3%) and 180 fe-
males (54.7%), aged between 34 and 79 years.

Diagnosis of type 2 diabetic patients was based on the
American Diabetes Association (ADA) criteria or reported
to be taking treatment for diabetes [12]. The intact hepatic
function was evaluated by aspartate aminotransferase (AST)
or alanine aminotransferase (ALT). Patients with microvascu-
lar and macrovascular complications were included in this
study. Diabetic nephropathy (DN) was evaluated by glomer-
ular filtration rate < 90 mL/min/1.73m2. The diabetic neurop-
athy (DN) was evaluated by assessing upper and lower ex-
tremities of nerve conduction velocity. The presence of at least
one definite microaneurysm in any field photographed was
considered as the criterion for the diagnosis of diabetic reti-
nopathy (DR) [13]. Macrovascular complications were con-
firmed by a history of previous myocardial infarction, angina,
and coronary or peripheral revascularization. Selected sub-
jects with different complication were controlled by antihy-
pertensive medications such as Angiotensin II receptor antag-
onist, Thiazide diuretic, Angiotensin converting enzyme in-
hibitor (ACEI), Beta blocker, and Calcium Channel blockers
(CCB). The diabetes was controlled either by insulin therapy
or by oral antidiabetic therapy such as Metformin, Sitagliptin,
or Sulfonylurea.

Clinical and demographic data

A research physician interviewed all subjects and clinical data
were collected including age, gender, diabetes duration, sys-
tolic blood pressure (SBP), diastolic blood pressure (DBP),
and smoking. Demographic data such as body mass index
(BMI) were calculated as the quotient of weight (kg) divided
by height squared (m2).

Laboratory measurements

After an overnight fast, 5 ml of venous blood sample were
collected from each subject in a plain tube. Serum was sepa-
rated and stored immediately at − 20 °C for further analysis.
The biochemical assessments including FBG, HbA1c, lipid
profile (triglyceride, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), and total cholesterol (TC)) were
analyzed using routine laboratory procedures (RX Daytona
clinical chemistry analyzer, Randox, UK). eGFR was estimat-
ed using CKD-EPI creatinine equation [14].

Serum Ang-2 was measured using the sandwich enzyme-
linked immunosorbent assay (ELISA) (R&D Systems, UK).
The Ang-2 values were expressed in pg/ml. The minimum
detectable level of Ang-2 was 46.9 pg/ml, and the intra- and
inter-assay coefficients of variation were 5.9 and 8.96%, re-
spectively. The reference values of serum Ang-2 in normal
healthy subjects were 800 ± 200 pg/ml and T2D subjects were
2200 ± 700 pg/ml [15].

Statistical analysis

Data entry and analysis were performed using SPSS version
21, IBM, Chicago, Illinois, USA. Results are represented as
mean ± SD and percentage. Comparison of means between
two groups was carried out using Student’s t test of normality
and equality of variance. For all statistical tests a value of p <
0.05 was considered as statistically significant.

Results

The baseline demographic characteristics and biochemical pa-
rameters of Saudi type 2 diabetic subjects are shown in Table
1. There were no significant differences between male and
female subjects with respect to age, duration of diabetes,
SBP, and diabetic complications. Significantly higher BMI,
TC, and HDL were observed among female diabetic subjects
than males. The glycemic parameters such as mean FBG and
HbA1c were also higher in female subjects. Kidney function
tests such as serum creatinine were higher in males; while
eGFR is higher in females. Diabetic neuropathy was present
in 25.5% (n = 83) and diabetic retinopathy in 44.4% (n = 146)
of subjects; while 18.8% (n = 62) and 14.6% (n = 48) of the
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total subjects had macrovascular complications and diabetic
nephropathy respectively. Serum Ang-2 level was significant-
ly higher in female subjects compared to male diabetic sub-
jects (p = 0.011).

Table 2 presents level of Ang-2 based on different age
groups. In type 2 diabetic subjects, the level of serum Ang-2
significantly increases with increase in their age (p = 0.002).
Similar trend was found in female subjects (p = 0.018), while
there is no significant increase in Ang-2 level in male subjects.
Regardless of gender, when all subjects were considered,
Ang-2 was significantly elevated in overweight and obese
compared to lean (p = 0.017). The differences between the
two groups were more marked in female subjects. When in-
dividual gender groups were considered, significant differ-
ences in Ang-2 levels were seen in female subjects (p =
0.05) (Fig. 1).

Levels of Ang-2 did not differ significantly between sexes
whose age was < 50 years, while Ang-2 was significantly
higher in diabetic females whose age is > 50 years (3046 ±
1574 vs 2583 ± 1561; p = 0.019). No statistically significant
associations were observed between levels of Ang-2 between
sexes whose BMI is < 30 while it was significantly higher

among the obese female subjects. (3045 ± 1635 vs 2547 ±
1690; p = 0.043).

Table 3 shows the level of Ang-2 according to the diabetic
complications. Ang-2 levels were significantly higher among
subjects with diabetic neuropathy (p = 0.001) and diabetic ret-
inopathy (p = 0.002). In addition, Ang-2 remained significant-
ly higher among diabetic subjects with macrovascular compli-
cations when compared to those without (p = 0.008).
However, levels of Ang-2 did not remain significantly differ-
ent between participants with or without diabetic nephropathy.
When compared to males Ang-2 remained higher among fe-
male subjects with microvascular complications but in
macrovascular complications Ang-2 levels were higher in
males.

Discussion

This is a comprehensive report evaluating the levels of Ang-2
in Saudi T2D adults. The diabetic females have comparatively
higher Ang-2 level than diabetic males. Diabetic females have
significantly increased Ang-2 level with increase in their age

Table 1 Demographic
characteristic and biochemical
finding of with type 2 diabetic
subjects

Variables Total n (329) mean ±
SD

Males n (149) mean
± SD

Females n (180) mean
± SD

p

Age (years) 57.7 ± 10.8 58.8 ± 11.7 56.7 ± 9.9 0.090

Duration of diabetes
(years)

17.4 ± 8.4 17.6 ± 9.3 17.1 ± 7.6 0.609

Systolic BP (mmHg) 133.7 ± 16.0 135.0 ± 15.4 132.6 ± 16.5 0.193

Diastolic BP (mmHg) 73.4 ± 9.3 74.9 ± 7.9 72.2 ± 10.2 0.008*

BMI (kg/m2) 32.5 ± 6.0 30.5 ± 5.6 34.2 ± 6.0 0.001*

FBG (mmol/l) 9.0 ± 3.4 8.4 ± 2.9 9.6 ± 3.7 0.002*

HbA1c (%) 8.9 ± 1.8 8.4 ± 1.7 9.2 ± 1.9 0.001*

TC (mmol/l) 4.2 ± 0.9 4.0 ± 0.8 4.3 ± 0.9 0.005*

TG (mmol/l) 1.6 ± 0.8 1.6 ± 0.8 1.6 ± 0.8 0.948

LDL (mmol/l) 2.3 ± 0.7 2.2 ± 0.7 2.4 ± 0.8 0.125

HDL (mmol/l) 1.2 ± 0.3 1.0 ± 0.3 1.2 ± 0.3 0.001*

Creatinine (μmol/l) 71.9 ± 20.9 82.3 ± 18.9 63.6 ± 18.6 0.001*

eGFR (ml/min/1.73 m2) 88.4 ± 21.1 85.3 ± 22.0 90.9 ± 20.1 0.020*

Hypertensive n (%) 245 (74.5%) 111 (78.2%) 134 (77.9%) 0.955

Diabetic neuropathy n
(%)

83 (25.5%) 33 (24.1%) 50 (30.3%) 0.228

Diabetic retinopathy n
(%)

146 (44.4%) 66 (45.2%) 80 (46.2%) 0.853

Diabetic macrovascular
n (%)

62 (18.8%) 26 (18.6%) 36 (22.0%) 0.466

Diabetic nephropathy n
(%)

48 (14.6%) 28 (19.7%) 20 (12.6%) 0.091

Ang-2 (pg/ml) 2687 ± 1530 2450 ± 1477 2881 ± 1550 0.011*

Results are normally distributed, expressed as mean ± standard deviation or as percentage (%), DM diabetes
mellitus, BMI body mass index, BP blood pressure, FBG fasting blood glucose, TC total cholesterol, TG triglyc-
erides, LDL low-density lipoprotein, HDL high-density lipoprotein, eGFR estimated glomerular filtration rate,
Ang-2 Angiopoietin-2. p values were compared by Student’s t test. *p < 0.05 significant
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and BMI. A significantly higher level of Ang-2 was found in
obese females with age group more than 50 years. The study
also evaluates Ang-2 as a marker for the assessment of vascu-
lar health integrity and addresses DM patients at higher risk of
diabetic complications. Since no previous data on reference
levels of Ang-2 in Saudi adult are available, results of the
present study cannot be compared with the other studies from
the region.

Cardiovascular diseases are considered as one of the major
complications of diabetes. There are only few studies reported
on factors affecting cardiovascular diseases in Saudi popula-
tion. In a previous study, diabetes, hypertension, obesity, dys-
lipidemia, smoking habits, and physical inactivity were men-
tioned as the major factors affecting the development of car-
diovascular diseases in Saudi population. In addition, poor
lifestyle habits such as lack of physical inactivity and high
intake of total and saturated fat, and cholesterol are also related
to the development of vascular disease [16]. Ang-2 is a gly-
coprotein exclusively expressed by the endothelial cells. It can
act as an antagonist for Tie-2 and stimulate endothelial cell
proliferation to induce vascular inflammation, accelerating the
generation and development of vascular disease in patients
with diabetes [17, 18].

In this study, we found that the Saudi diabetic females have
comparatively higher Ang-2 level than diabetic males and it
increases with increase in their BMI. To demonstrate the sex-
ual dimorphism in serum concentrations of Ang-2 levels, a
significantly higher level of serum concentrations of Ang-2
levels were observed in obese females compared to obese
male subjects [19]. A previous study also demonstrated a

gender dimorphism for Ang-2 levels, with women showing
higher Ang-2 than men [20]. Differences in the gender on
vascular functions and impact of feminine sex hormones on
the expression of vascular growth factor have also been re-
ported [21–23]. The exact mechanism behind the sexual di-
morphism of Ang-2 has not been elucidated yet, so a detailed
future study is suggested. In previous studies, it was reported
that the Ang-2 expression may elevate by the inhibitory action
of estrogen hormone on angiopoietin-1–Tie-2 receptor [24].

In the current study, we found that serum Ang-2 signifi-
cantly increases with the increase in age for T2D and diabetic
females but not in males and Ang-2 is significantly higher in
diabetic females whose age is > 50 years. The angiogenic
factors like VEGF, angiopoietins, fibroblast growth factor
(bFGF) etc. are released by inflammatory cells having mito-
genic and migratory effects on endothelium [25]. Increased
transcription of angiogenic genes, such as VEGF and Ang-2,
was triggered by a common stimulus for both chronic inflam-
mation and angiogenesis [26]. Interleukin-6 (IL-6) is a proin-
flammatory cytokine, considered as mediator of chronic in-
flammation. The production of IL-6 is controlled by the mac-
rophages produced by adipose tissue and adipocytes. In a
previous study, it was found that postmenopausal women with
the metabolic syndrome showed higher IL-6 as well as Ang-2
[27]. In our study, females above > 50 years were obese, and
they were diabetic also. Hyperglycemia is considered as a
major cause which exerts toxic effects on the endothelium
and leads to inflammation which in turns increases the pro-
duction of Ang-2 [28]. From the above possible reasons, we
believe that females above 50 years are more likely to have
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Fig. 1 Ang-2 levels in type 2 diabetic subjects according to BMI. a Total, bmale, and c female. BMI body mass index, Ang-2 Angiopoietin-2. p values
were compared by ANOVA . *p < 0.05 significant

Table 2 Ang-2 levels in type 2
diabetic subjects according to age Age (years) < 40 40–50 > 50 p

Ang-2 (pg/ml)
mean ± SD

Total (n) 1881 ± 657 (17) 2200 ± 1285 (53) 2839 ± 1582 (259) 0.002*

Male (n) 1768 ± 568 (10) 2081 ± 1170 (23) 2583 ± 1561 (116) 0.105

Female (n) 2041 ± 825 (7) 2292 ± 1379 (30) 3046 ± 1574 (143) 0.018*

Results are normally distributed, expressed as mean ± standard deviation. Ang-2 (Angiopoietin-2). p values were
compared by ANOVA . *p < 0.05 significant
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chronic inflammation than males and the combined action of
both hyperglycemia and inflammation leads to more circulat-
ing serum Ang-2 level.

In Middle Eastern countries, prevalence of obesity is
more likely to be among women than in men. Like Saudi
Arabia, the high-income countries such as Kuwait, UAE,
Bahrain, and Qatar also show > 25 kg/m2 of mean BMI for
both males and females [29]. A pervious study in Saudi
Arabia reported that prevalence of obesity was higher among
Saudi women than men (33.5 vs 24.1%) [30]. In Saudi fe-
males, the average BMI over age 30 years was reported to be
> 30 kg/m2; the prevalence of overweight and obesity in-
creased with age [31]. In our study, we found that Ang-2
level significantly increases with BMI in all T2D and diabet-
ic females. Different evidences suggest that angiogenesis
may be enhanced in human obesity. The evidence from the
experimental study with both human and mice revealed that
increased obesity is associated with Ang-2 mRNA expres-
sion in visceral adipose tissue and insulin resistance is linked
with adipose tissue inflammation [32]. The above findings
speculate that increased levels of angiogenic factors lead to
adiposity and are involved in the pathogenesis of obesity. It
is also demonstrated that Ang-2 is elevated in overweight
and obese compared to lean control subjects, although
Ang-2 was significantly elevated only in female obese sub-
jects compared to lean female subjects. The sexual dimor-
phism was observed in serum concentrations of Ang-2 levels
with significantly higher levels in obese females compared
to obese male subjects. Although several studies reported the
association between Ang-2 in the regulation of angiogenesis,

the exact mechanism of angiogenic factors in both serum and
adipose tissues is not expounded yet [19].

Hyperglycemia promotes toxic effect on vascular endotheli-
um by the production and activation of advanced glycation end
products (AGE) and reactive oxygen species (ROS) which leads
to the development of micro andmacrovascular complications in
diabetes mellitus [33, 34]. In our study, we found that serum
Ang-2 was significantly higher in DR subjects than without ret-
inopathy. Previous studies also confirmed that Ang-2 levels show
a significant difference among retinopathy group and are more
prominent in proliferative group [35].

Various growth factors and cytokines play crucial role in
the development of proliferative diabetic retinopathy (PDR).
The main process involved in the development of retinal an-
giogenesis in diabetic retinopathy is angiogenic switch and
proteolytic processing of the extracellular matrix (ECM). In
PDR, involvement of proteases in ECM remodeling and Ang–
Tie system in vessel remodeling has been reported [36–38]. In
earlier studies, it has been reported that the increased level of
Ang-2 indicates the severity or progression of diabetic reti-
nopathy especially in PDR [39]. A previous clinical study
indicated that the increased level of Ang-2 in diabetic patients
is not because of leakage of blood from ischemic retinal cap-
illaries but due to excessive production of Ang-2 from endo-
thelial cells. This confirms the above statement; upregulation
of stored Ang-2 is found in Weibel-Palade bodies of retinal
endothelial cells [40].

When compared to healthy controls, serum Ang-2 is sig-
nificantly higher in non-diabetic patients with acute and
chronic congestive heart failures, while the level of Ang-1

Table 3 Levels of Ang-2 in type
2 diabetic subjects with and
without diabetic complications
(n = 329)

Ang-2 (pg/ml) levels according to the state of diabetic complications

Diabetic
complications

Total Ang-2 (pg/ml)
mean ± SD (n (%))

p Male Ang-2 (pg/ml)
mean ± SD (n (%))

Female Ang-2 (pg/ml)
mean ± SD (n (%))

Neuropathy Yes 3293 ± 1728
(83 (25.2%))

0.001* 3006 ± 1620
(33 (22.1%))

3482 ± 1782
(50 (27.8%))

No 2481 ± 1403
(246 (74.8%))

2290 ± 1400
(116 (77.9%))

2650 ± 1389
(130 (72.2%))

Retinopathy Yes 2986 ± 1645
(146 (44.4%))

0.002* 2980 ± 1762
(66 (44.3%))

2991 ± 1554
(80 (44.4%))

No 2449 ± 1393
(183 (55.6%))

2034 ± 1043
(83 (55.7%))

2794 ± 1550
(100 (55.6%))

Nephropathy Yes 3059 ± 2005
(48 (14.6%))

0.072 2969 ± 2121
(28 (18.8%))

3181 ± 1884
(20 (11.1%))

No 2624 ± 1431
(281 (85.4%))

2334 ± 1274
(121 (81.2%))

2844 ± 1506
(160 (88.9%))

Macrovascular Yes 3152 ± 1571
(62 (18.8%))

0.008* 3192 ± 1650
(26 (17.5%))

3124 ± 1534
(36 (20%))

No 2578 ± 1503
(267 (81.2%))

2291 ± 1394
(123 (82.5%))

2821 ± 1554
(144 (80%))

Results are normally distributed, expressed as mean ± standard deviation. Ang-2 (Angiopoietin-2). p values were
compared by Student’s t test. *p < 0.05 significant

Int J Diabetes Dev Ctries (April–June 2019) 39(2):387–393 391



level remains same in both groups and comparison with
chronic and acute cases reported that Ang-2 level was found
to be elevated in non-diabetic patients with acute coronary
syndrome [5, 41]. Without considering the presence and ab-
sence of CVD, Ang-2 level seems to be elevated in diabetic
patients; while no differences were found in the level of Ang-2
in diabetic patients with and without CVD. A reduction of
Ang-2 levels only in diabetics without CVD reveals the al-
tered relationship of Ang-2 with glycemic control in the pres-
ence of CVD [42, 43]. In the present study, the Ang-2 levels
were elevated in DM patients with vascular complications.
These findings are in agreement with a previous cross-
sectional study, among diabetic patients showing the elevated
level of circulating Ang-2 and were also associated with var-
ious cardio-metabolic parameters [44].

Moreover, in our study, we found a significant increase in
Ang-2 level in diabetic patients with diabetic neuropathy. A
previous study also reported that the polyneuropathy and in-
sulin therapy were associated with higher Ang-2 levels. But
even after controlling the presence of macrovascular compli-
cations, no differences were found between the levels of Ang-
2 in subjects with and without diabetic polyneuropathy [44].
To our knowledge, the role of Ang-2 level in diabetic neurop-
athy is not yet reported anywhere. To clarify our results, future
well-designed prospective studies on pathophysiological role
of Ang-2 on diabetic neuropathy are needed. A well-defined
role of Ang-2 in kidney diseases is already described in pre-
vious studies. The increased level of Ang-2 may lead to kid-
ney damage [45]. A positive correlation with Ang-2 and pro-
teinuria in kidney diseases was reported earlier [46]. In com-
parison with healthy controls, the diabetic patients with
normoalbuminuria have significantly higher levels of both
serum and urine Ang-2 and increased level of Ang-2 is related
to the severity of diabetic nephropathy [47]. In our study,
serum Ang-2 level was higher in DN group even though there
is no significant difference among the patients with and with-
out DN. This may be due to fact that majority of subjects in
this study population were having eGFR > 90 ml/min/1.73 m2

and the sample size for DN group was very small. Another
possible reason may be glycemic control which is considered
as a primary determinant of reductions in serum Ang-2 [42].

In conclusion, present study establishes the levels of serum
Ang-2 level in Saudi adult population with T2D in different
subsets of age, gender, BMI, and diabetic complications. Our
study shows that levels of Ang-2 are higher among female
diabetic subjects. It also reveals that in female T2D subjects,
Ang-2 levels rise with their age and BMI. A significantly
higher level of Ang-2 was found in obese females with age
group more than 50 years. Ang-2 levels are significantly
higher in patients with diabetic neuropathy, retinopathy and
diabetic vascular complications. Higher Ang-2 levels may
serve as a marker to identify patients at high risk of vascular
complications.
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