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Abstract

The aim of the study was to look at the association of angiopoietin-2 (Ang-2) in Asian Indian subjects with different grades of glucose
intolerance and in those with hypertension and metabolic syndrome (MS). Three groups were recruited from the Chennai Urban Rural
Epidemiology Study, a population-based study in southern India, as follows: group 1, normal glucose tolerance(n = 45); group 2, impaired
glucose tolerance (IGT) (n = 45); and group 3, type 2 diabetes mellitus (T2DM) (n = 40). Angiopoietin-2 was estimated by enzyme-linked
immunosorbent assay. Hypertension was diagnosed based on medical history, drug treatment of hypertension, and/or if the subjects had
systolic blood pressure at least 130 mm Hg and/or diastolic blood pressure at least 85 mm Hg. Metabolic syndrome was defined using
modified National Cholesterol Education Program—Adult Treatment Panel III guidelines. Subjects with T2DM had higher age-adjusted Ang-
2 values (3741 + 1429 pg/mL) compared with subjects with IGT (1907 + 855 pg/mL) and normal glucose tolerance (1462 + 856 pg/mL)
(P for trend < .001). Regression analysis showed that there was a linear increase in mean Ang-2 values with increasing severity of glucose
intolerance, even after adjusting for age, sex, and body mass index. Angiopoietin-2 levels were also elevated in subjects with hypertension
(P =.004) and in subjects with MS even in the absence of fasting hyperglycemia (P = .011). There was also a linear increase in the mean
values of Ang-2 with increase in number of components of MS (P for trend < .001). This study demonstrates that increased levels of Ang-2
are seen in Asian Indian subjects with IGT, T2DM, and hypertension and in subjects with MS even in the absence of fasting hyperglycemia.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction primarily as a functional antagonist of Ang-1/Te-2 by

binding to the receptor and blocking Ang-1-mediated

Angiopoietins are a family of vascular regulatory
molecules that play an important role in vascular stabiliza-
tion and pathologic neovascularization [1,2]. Among the
various members (angiopoietins 1-4), angiopoietin-1
(Ang-1) and angiopoietin-2 (Ang-2) are well characterized.
Angiopoietin-1 by mediating endothelial cell survival exerts
a vessel sealing effect and provides protection against
cardiac allograft arteriosclerosis. In contrast, Ang-2 acts
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endothelial signaling and thus is proinflammatory [3.,4].
Increased plasma levels of Ang-2 have been reported in
subjects with type 2 diabetes mellitus (T2DM) regardless of
presence or absence of clinically overt cardiovascular disease
(CVD) [5]. The vitreous levels of Ang-2 were also reported
to be significantly higher in subjects with proliferative
diabetic retinopathy [6].

Asian Indians are known to have very high rates of
premature coronary artery disease and diabetes [7]. Indeed,
India already has the largest number of people with diabetes
in the world [8,9]. The risk for CVD starts at the stage of
impaired glucose tolerance (IGT) [10,11]. However, to our
knowledge, there are no data on Ang-2 in Asian Indians and
none on Ang-2 levels in subjects with IGT or metabolic
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syndrome (MS). We hypothesized that Ang-2 levels would
be elevated in subjects with newly diagnosed type 2 diabetes
mellitus (NDD) as well as in those with IGT. In addition, we
also looked at whether Ang-2 levels are elevated in subjects
with hypertension and MS.

2. Research design and methods

Study subjects were recruited from the Chennai Urban
Rural Epidemiology Study (CURES), an ongoing epidemi-
ologic study conducted on a representative population (aged
>20 years) of Chennai (formerly Madras), the fourth largest
city in India. The methodology of the study has been
published elsewhere [12]. Briefly, in phase 1 of the urban
component of CURES, 26 001 individuals were recruited
based on a systematic random-sampling technique, which is
described in our Web site www.drmohansdiabetes.com
(under the link ‘“Publications”). Fasting capillary blood
glucose was determined using a One Touch Basic glucose
meter (Life scan; Johnson & Johnson, Milpitas, CA) in all
subjects. Subjects were classified as “known diabetic
subjects” if they stated that they had diabetes and were on
the treatment [13].

In phase III, every 10th subject recruited in phase I (n =
2600) were invited to the center for detailed testing,
including an oral glucose tolerance test in those without
self-reported diabetes; and this had a 90% response rate
(2350/2600 subjects). Those who were confirmed by oral
glucose tolerance test to have 2-hour plasma glucose value of
11.1 mmol/L or more (200 mg/dL) based on World Health
Organization consulting group criteria [14] were labeled as
“newly detected diabetic subjects (NDD),” those with 2-hour

post glucose value of at least 7.8 mmol/L (140 mg/dL) and
less than 11.1 mmol/L (200 mg/dL) [14] as subjects with
IGT, and those with 2-hour post glucose value of less than
7.8 mmol/L (140 mg/dL) as subjects with normal glucose
tolerance (NGT).

The study subjects included for this study (from phase I1I)
were randomly selected from the NGT, IGT, and NDD
subjects and comprised the following groups (Fig. 1): group
1, 45 NGT subjects; group 2, 45 subjects with IGT; and
group 3, 40 subjects with NDD who had not received any
type of treatment.

2.1. Anthropometric measurements

Anthropometric measurements included weight, height,
and waist and were obtained using standardized techniques
as detailed elsewhere [12]. Height was measured with a
tape measure to the nearest centimeter. Weight was
measured with traditional spring balance that was kept on
a firm horizontal surface. Waist was measured using a
nonstretchable fiber measuring tape. The body mass index
(BMI) was calculated as the weight in kilograms divided
by the square of height in meters. Blood pressure was
recorded from the right arm in a sitting position to the
nearest 2 mm Hg with a mercury sphygmomanometer
(Diamond Deluxe BP apparatus, Pune, India). Two read-
ings were taken 5 minutes apart, and the mean of the 2 was
taken as the blood pressure.

2.2. Biochemical parameters

Fasting plasma glucose (glucose oxidase-peroxidase
method), serum cholesterol (cholesterol oxidase-peroxi-
dase-amidopyrine method), serum triglycerides (glycerol
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Fig. 1. Chennai Urban Rural Epidemiology Study: methodology.
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phosphate oxidase-peroxidase-amidopyrine method), and
high-density lipoprotein (HDL) cholesterol (direct method-
polyethylene glycol-pretreated enzymes) were measured
using Hitachi-912 Autoanalyzer (Hitachi, Mannheim,
Germany). The intra- and interassay coefficient of variation
for the biochemical assays ranged between 3.1% and 7.6%.
Low-density lipoprotein cholesterol was calculated using
the Friedewald formula [15]. Glycated hemoglobin (HbA,.)
was estimated by high-pressure liquid chromatography
using the Variant machine (Bio-Rad, Hercules, CA). The
intra- and interassay coefficient of variation of HbA ;. was
less than 10%.

2.3. Angiopoietin-2

Angiopoietin-2 was measured by enzyme-linked immu-
nosorbent assay (R&D Systems, Abingdon, United King-
dom). In brief, monoclonal antibody specific for Ang-2 were
precoated onto a microplate. Standards and samples were
pipetted into the wells, and any Ang-2 present was bound by
the immobilized antibody. After washing away any
unbound substances, an enzyme-linked monoclonal anti-
body specific for Ang-2 was added to the wells. After a
wash to remove any unbound antibody-enzyme reagent, a
substrate solution was added to the wells; and color
developed in proportion to the amount of Ang-2 bound in
the initial step. Absorbance was read at 450 nm. The values
were expressed in picograms per milliliter units. The intra-
and interassay coefficients of variation were less than 5%
and less than 10%, respectively.

2.4. Definitions and diagnostic criteria

2.4.1. Hypercholesterolemia

Serum cholesterol at least 200 mg/dL, hypertriglyceride-
mia (serum triglycerides >150 mg/dL), and low HDL levels
(men: HDL cholesterol <40 mg/dL, women: HDL choles-
terol <50 mg/dL) were diagnosed based on Adult Treatment
Panel III guidelines [16].

Hypertension was diagnosed based on medical history,
drug treatment of hypertension, and/or if the subjects had
systolic blood pressure (SBP) at least 130 mm Hg and/or
diastolic blood pressure (DBP) at least 85 mm Hg [16].

Metabolic syndrome was diagnosed based on modified
Adult Treatment Panel III guidelines [16], that is, if any 3 of
the following abnormalities were present: abdominal obesity
defined as waist circumference at least 90 cm for men and at
least 80 cm for women as per modified Asia Pacific World
Health Organization guidelines [17], high blood pressure
(SBP >130 mm Hg or DBP >85 mm Hg), elevated fasting
glucose (fasting plasma glucose >100 mg/dL or 6.0 mmol/L),
hypertriglyceridemia, or low HDL cholesterol.

2.5. Statistical analysis

Student ¢ test or 1-way analysis of variance (with Tukey
honestly significant difference test) was used to compare
groups for continuous variables, whereas > test or Fisher

exact test as appropriate was used to compare proportions.
Pearson correlation analysis was carried out to determine
the relation of Ang-2 with other risk variables. Multiple
linear regression analysis was used to determine the
association of Ang-2 with glucose intolerance. All analyses
were done using Windows-based SPSS statistical package
(Version 10.0, Chicago, IL), and P values of < .05 were
taken as significant.

3. Results

The clinical and biochemical profiles of the study
subjects are shown in Table 1. Subjects with diabetes and
IGT were older (P < .01) and had significantly higher SBP
and DBP (P < .001) compared with those with NGT.
Diabetic subjects had significantly higher serum cholesterol
levels compared with both NGT (P < .001) and IGT
subjects (P < .01) and higher triglyceride levels compared
with NGT subjects (P < .001).

Subjects with diabetes had higher age-adjusted Ang-2
values (3741 + 1429 pg/mL) compared with IGT (1907 +
855 pg/mL) and NGT subjects (1462 + 856 pg/mL) (P for
trend P < .001) (Fig. 2).

Table 2 presents the Pearson correlation analysis in the
total population that reveals that Ang-2 was significantly
correlated with age (P < .001), BMI (P = .015), SBP (P <
.001) and DBP (P < .001), waist circumference (P < .001),
fasting plasma glucose (P < .001), HbA,. (P < .001), and
serum cholesterol (P = .023).

Table 1

Clinical and biochemical characteristics of study subjects

Parameters NGT (n=45) IGT (n=45) T2DM (n = 40)

Age (y) 31+4 36 £ 6% 45 + 121+

Male n (%) 22 (48.9) 23 (51.1) 20 (50.0)

BMI (kg/m?) 24 +4.8 25+338 25+43

SBP (mm Hg) 109 + 14 121 + 19% 136 +27"¢

DBP (mm Hg) 69+ 11 77 £ 12% 83 + 13t

Waist 843+ 11.7 859 +11.1 88.9+9.6
circumference
(cm)

Fasting plasma 82+7 90+9 144 + 5978
glucose (mg/dL)

HbA . (%) 54404 58+06 7.9 +2.0"8

Total cholesterol 172 + 27 192 = 39* 199 + 387
(mg/dL)

Serum triglycerides 113 £60.1 153 £91.7 183 + 135.8"
(mg/dL)

HDL cholesterol 40+ 7 41 £ 16 39+8
(mg/dL)

LDL cholesterol 109 + 23 119 + 31 123 + 35
(mg/dL)

LDL indicates low-density lipoprotein,
* P < .01 compared with NGT.
TP <.001 compared with NGT.
¥ P < .01 compared with IGT.
¥ P <.001 compared with IGT.
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Fig. 2. Age-adjusted mean levels of Ang-2 in the study subjects. “P for trend
<.001. *P < .001 compared with NGT. *P < .001 compared with IGT

A linear regression analysis was performed, using Ang-2
as the dependent variable and glucose tolerance status as
independent variable, to determine the association of
different grades of glucose intolerance with Ang-2 after
adjustment of age, sex, and BMI. Models were developed in
such a way that only 2 groups at a time were taken up for
analysis, for example, NGT and IGT or IGT and diabetic
subjects. Glucose intolerance was used as the independent
variable, and the group with the more severe glucose
intolerance status (coded as 1) was tested against the less
severe glucose intolerance status group (coded as 0 and used
as reference for the analysis); for example, the NGT was
used as reference for IGT, and IGT for diabetes (Table 3).

In model 1, the analysis was done in subjects with
NGT (coded as 0) and IGT (coded as 1); and this was
used as an independent variable. Even after adjusting for
age, sex, and BMI, IGT showed a significant association
with Ang-2 (unadjusted: 8 = 531.42, P < .001; adjusted:
p=4114, P = .004).

In model 2, a similar analysis of subjects with IGT and
diabetes was done using IGT as 0 and diabetes as 1. Even
after adjusting for age, sex, and BMI, subjects with diabetes

Table 2
Pearson correlation analysis of Ang-2 with other risk variables
Variables Ang-2

r value P value
Age 0.5334 <.001
BMI 0.215 .015
SBP 0.384 <.001
DBP 0.350 <.001
Waist circumference 0.309 <.001
Fasting plasma glucose 0.454 <.001
HbA,. 0.532 <.001
Serum cholesterol 0.202 .023
Serum triglycerides 0.164 .064
HDL cholesterol —0.060 498
LDL cholesterol 0.152 .086

P values in bold are <.01.

Table 3
Linear regression analysis using Ang-2 as dependent variable and varying
degrees of glucose tolerance status as independent variable

Parameters B P value
Model 1

Unadjusted

(NGT =0, IGT=1) 531.42 <.001
Adjusted for age and sex 440.6 .002
Adjusted for age, sex, and BMI 411.4 .004
Model 2

Unadjusted

(IGT=0,DM = 1) 1885.3 <.001
Adjusted for age and sex 1741.7 <.001
Adjusted for age, sex, and BMI 1728.5 <.001

P values in bold are <.001.

showed significant association with Ang-2 (unadjusted: =
1885.3, P <.001; adjusted: p=1728.5, P <.001).

Subjects with hypertension had significantly higher Ang-
2 values (2898 + 1370 pg/mL) compared with subjects
without hypertension (2098 + 1228 pg/mL, P = .004). To
determine whether the association of hypertension with Ang-
2 was independent of hyperglycemia, we excluded all
subjects with hyperglycemia and then looked at Ang-2 levels
in those with and without hypertension. We found that mean
Ang-2 levels were increased in subjects with hypertension
(n=3,1691 + 128 pg/mL) compared with subjects without
hypertension (n = 42, 1445 + 883 pg/mL) but that the
differences did not reach statistical significance probably
because of the small number of subjects with hypertension.

Angiopoietin-2 levels increased with increase in number
of components of MS (no metabolic abnormality, 1238 +
426; 1 metabolic abnormality, 1892 + 1060; 2 metabolic
abnormalities, 2209 + 1207; >3 metabolic abnormalities,
2789 + 1301 pg/mL; P for trend < .001) (Fig. 3).
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Fig. 3. Mean Ang-2 levels in relation to number of metabolic abnormalities.
*P < 001 compared with no abnormality. P < .001 compared with 1
abnormality. ©P for trend < .001.
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Table 4
Mean levels of Ang-2 in those with and without metabolic abnormalities
Metabolic abnormalities Mean Ang-2 P value
(pg/mL)
Elevated fasting Present 3179 + 1206 <.001
plasma glucose Absent 1915 £ 1153
Abdominal obesity Present 2486 + 1334 017
Absent 1932 + 1334
Hypertension Present 2898 + 1370 .004
Absent 2098 + 1228
Hypertriglyceridemia Present 2506 + 1334 134
Absent 2141 + 1263
Low HDL cholesterol Present 2322 + 1348 421
Absent 2121 £ 1167
MS Present 2789 + 1290 <.01
Absent 1975 + 1209
MS without elevated Present 2743 + 1365 011
fasting plasma glucose Absent 2087 + 1228

P values in bold are <.001.

Mean levels of Ang-2 in subjects with and without
various metabolic abnormalities are presented in Table 4.
Angiopoietin-2 was higher in subjects with elevated fasting
plasma glucose (P < .001), abdominal obesity (P = .017),
hypertension (P = .004), and MS (P < .01). We also found
that Ang-2 levels were significantly increased in subjects
with MS without elevated fasting plasma glucose (P =
.011). Although mean Ang-2 levels were higher in subjects
with hypertriglyceridemia and low HDL cholesterol
compared with their counterparts with normal levels of
respective parameters, the differences did not reach
statistical significance.

4. Discussion

The main findings in this study are that Ang-2 values
increase with increasing severity of glucose intolerance,
with T2DM subjects having the highest values followed by
those with IGT and NGT. To our knowledge, there are no
published data on the Ang-2 values in subjects with newly
detected T2DM and in IGT subjects. We also report the
Ang-2 values are increased in those with hypertension and
MS even in the absence of fasting elevated hyperglycemia.

Subjects with diabetes are at high risk of developing
micro- and macrovascular complications that are likely to
mark different, but related, aspects of endothelial damage.
The data presented here point to hyperglycemia as the
dominant generator of the raised growth factor Ang-2
regardless of other pathologic conditions. Intriguingly,
recent observations demonstrate that high glucose increases
transcription of Ang-2 gene in microvascular endothelial
cells [18].

Our data suggest that raised blood glucose could be one of
the primary determinants of circulating Ang-2 levels.
Increased blood glucose in diabetes can exert toxic effects
on the endothelium through a number of mechanisms. The

accelerated formation and accumulation of glycation pro-
ducts associated with raised blood glucose may up-regulate
both Ang-2 transcription and production [19]. Therefore, our
finding of selective elevation of Ang-2 and its relationship
with HbA;. supports these in vitro observations. In the
present study, IGT subjects, who are considered to be at an
increased risk for CVD [20], had higher levels of Ang-2. In
the Chennai Urban Population Study, we reported that
14.7% of subjects with IGT had coronary artery disease
compared with 9.0% in subjects with NGT, indicating that
the higher risk for coronary artery disease is also seen in
subjects with IGT [11]. However, to our knowledge, there
have been no studies that have looked at levels of Ang-2 in
subjects with IGT.

In the present study, among subjects with hypertension,
we found raised levels of Ang-2. This is consistent with
previous studies demonstrating abnormalities in markers of
angiogenesis in hypertension [21-23]. Studies have shown
that levels of circulating angiogenic growth factors from the
angiopoietin family are specific for the endothelium and
have been shown to be associated with CVD risk in subjects
with hypertension [24], diabetes mellitus [25], and heart
failure [26]. The increased Ang-2 levels in hypertension
suggest the possibility of alterations in the whole vessel
remodeling process in hypertension [27].

Glucose intolerance and other metabolic abnormalities
may cluster together, resulting in increased risk for
coronary artery disease [28,29]. We have observed that
subjects with MS had higher levels of Ang-2 compared
with subjects without MS. It was also observed that Ang-2
increased with increase in number of metabolic abnormal-
ities, indicating a dose-response relationship between Ang-
2 and metabolic abnormalities. Moreover, the values were
increased even in those MS subjects without fasting
hyperglycemia, showing that the association with MS is
independent of hyperglycemia.

There are some limitations in this study. We have only
looked at the Ang-2 levels. It would be worthwhile to study
the levels of other angiogenic factors like vascular
endothelial growth factor, Ang-1, and Tie-2. Secondly,
being a cross-sectional study, a cause-and-effect relation
cannot be determined. The strength of the study is that it is
a population-based sample and the phenotypes were
defined well.

In summary, this study demonstrates that increased levels
of Ang-2 are seen in Asian Indian subjects with IGT, T2DM,
and hypertension and in subjects with MS even in the
absence of fasting hyperglycemia.
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