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OBJECTIVE—To examine, for the first time, the association between a novel inflammatory
cytokine, angiopoietin-like protein (ANGPTL) 2, and the development of type 2 diabetes

(T2DM).

RESEARCH DESIGN AND METHODS —A (otal of 2,164 community-dwelling Japa-

nese individuals aged 40 to 79 years without diabetes were followed up for 7 years. Serum
ANGPTL2 levels were divided into quartile categories at baseline: <2.15, 2.16-2.71, 2.72—
3.40, and =3.41 ng/mL. During follow-up, 221 participants developed T2DM.

RESULTS —In multivariate analyses, after adjusting for comprehensive risk factors and high-
sensitivity C-reactive protein (hs-CRP) levels, the risk of developing T2DM was significantly
higher in the highest ANGPTL2 quartile than in the lowest quartile (hazard ratio, 1.80; 95% ClI,
1.14-2.85; P =0.01).

CONCLUSIONS —Flevated serum ANGPTL2 levels were positively associated with the de-
velopment of T2DM in a general population, independent of other risk factors including hs-CRP
levels.
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diabetes (T2DM) has not been investi-
gated to date. The objective of this study
was to examine this issue in a cohort of
the general Japanese population, taking

which are structurally similar to
angiopoietins, are characterized by
a coiled-coil domain in the N-terminus

A ngiopoietin-like proteins (ANGPTLs),

and a fibrinogen-like domain in the C-
terminus. Seven ANGPTLs have been
identified to date (1-3); one of them,
ANGPTL2, has been shown to be ex-
pressed abundantly in adipose tissues
and to be a key mediator linking obesity
to adipose tissue inflammation and sys-
temic insulin resistance in mice (4,5). In
humans, ANGPTL2 is also closely related
to adiposity and inflammation (4). How-
ever, the association of serum ANGPTL2
levels with the risk of developing type 2

into account a comprehensive range of
confounders.

RESEARCH DESIGN AND
METHODS

Study population and follow-up
survey

In 2002, a baseline survey for this study
was performed in the town of Hisayama,
Japan. A detailed description of this sur-
vey was published previously (6). Briefly,
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of the total of 3,896 residents aged 40 to
79 years, 3,000 consented to participate
in the survey (participation rate, 77.0%).
Among them, 178 participants were not
administered a 75-g oral glucose toler-
ance test (OGTT): 100 refused the test,
46 had already eaten breakfast, and the
other 32 were receiving insulin therapy
for diabetes. Consequently, 2,822 partic-
ipants completed the OGTT. After further
excluding 485 participants who had
newly diagnosed or known diabetes and
8 for whom there was no measurement of
ANGPTL2, the remaining 2,329 (953
men and 1,376 women) were enrolled
in the baseline examination.

The baseline participants were fol-
lowed up prospectively, from 2002 to
2009, by yearly health examinations during
which an OGTT was administered. Of the
baseline participants, 2,164 (865 men and
1,299 women) who underwent reexamina-
tions during the follow-up period were fi-
nally selected for this study (follow-up rate,
92.9%; mean follow-up period, 6.0 years).
These participants completed the follow-up
examinations an average of 4.9 times, and
among them, 861 (39.8% of the follow-
up population) underwent all 7 annual
OGTTs. During the follow-up, T2DM oc-
curred in 221 participants (115 men and
106 women).

Clinical evaluation and laboratory
measurements

In the baseline and follow-up examina-
tions, the study participants underwent the
OGTT after an overnight fast of at least
12 h. Diabetes was defined by the 2003
American Diabetes Association criteria (7).
Serum ANGPTL2 concentrations were
measured with the human ANGPTL2
sandwich enzyme-linked immunosorbent
assay using two mouse monoclonal anti-
bodies that were confirmed to recognize
only ANGPTL2 and not to react with other
ANGPTLs or angiopoietins (4).

Statistical analysis
ANGPTL2 levels were divided into quartile
categories: =2.15, 2.16-2.71, 2.72-3.40,

98 DiaBETES CARE, VOLUME 36, JANUARY 2013

care.diabetesjournals.org


mailto:doi@intmed2.med.kyushu-u.ac.jp
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/

Doi and Associates

Table 1—Adjusted incidences and HRs of type 2 diabetes according to ANGPTL2 levels, 2002-2009

ANGPTL2 levels (ng/mL)

P for trend
<2.15 2.16-2.71 2.72-3.40 =341 (across Continuous P for trend
(n=541) (n=541) (n=541) (n=541) categories) log scale* (continuous)

No. of events/

person-years 29/3,343 51/3,285 52/3,296 89/3,108
Age- and sex-adjusted

incidence 9.1 15.7 15.5 28.7
Model 1+ HR (95% CI) 1 (reference) 1.79 (1.13-2.84) 1.77 (1.19-2.80) 3.14 (2.04-4.84) <0.001 1.51 (1.31-1.74) <0.001
Model 2§ HR (95% CI) 1 (reference) 1.53 (0.97-2.43) 1.26(0.79-2.02) 1.88 (1.20-2.96) 0.02 1.24 (1.07-1.45) 0.004
Model 3|| HR (95% CI) 1 (reference) 1.51 (0.95-2.40) 1.25(0.78-2.00) 1.80 (1.14-2.85) 0.03 1.22 (1.05-1.43) 0.009

*HR per 1-SD increase of log-transformed ANGPTL2. fPer 1,000 person-years. :Model 1: adjusted for age and sex. §Model 2: adjusted for age, sex, family history of
diabetes, fasting insulin, high-molecular-weight adiponectin, BMI, triglycerides, HDL-cholesterol, hypertension, alcohol intake, smoking habits, and regular exercise.

[IModel 3: model 2 plus hs-CRP.

and =3.41 ng/mL. The incidence of T2DM
was calculated by the person-year method
and adjusted for age and sex by the direct
method using 10-year age groupings. The
adjusted hazard ratios (HRs) and their 95%
ClIs were calculated using the Cox propor-
tional hazards model.

RESULTS — At baseline, the mean age of
participants was 58.6 years, and the pro-
portion of men was 40.9%. The age- and
sex-adjusted incidences of T2DM increased
significantly with elevating quartiles of
ANGPTL2 concentrations, and the risk
was significantly higher in the second,
third, and fourth quartiles than in the first
quartile (Table 1, model 1). In the multi-
variate analysis, this association remained
substantially unchanged even after adjust-
ment for age, sex, family history of diabe-
tes, fasting insulin, high-molecular-weight
adiponectin, BMI, triglycerides, HDL cho-
lesterol, hypertension, alcohol intake,
smoking habits, and regular exercise
(model 2). As shown in model 3, after
further adjustment for high-sensitivity
C-reactive protein (hs-CRP) values, the
risk of developing T2DM was significantly
higher in the highest ANGPTL2 quartile
than in the lowest quartile (HR, 1.80;
95% CI, 1.14-2.85; P = 0.01). These find-
ings remained substantially unchanged
when waist circumference was used in-
stead of BMI in the adjusted models.

CONCLUSIONS—In a prospective
study of a cohort of the general Japanese
population, we clearly demonstrated that
the risk for the development of T2DM
increased with increasing serum ANGPTL2
levels. This association remained robust
even after controlling for other confound-
ing factors, including hs-CRP levels.

To our knowledge, this is the first
report to indicate that serum ANGPTL2
levels are an independent risk factor for
developing T2DM in a general popula-
tion. The concept that heightened inflam-
mation is important in the pathogenesis
of T2DM (8) is supported by the evidence
that inflammation in islets, adipose tissue,
liver, and muscle may provoke insulin re-
sistance and B-cell dysfunction (9,10)
and may therefore antedate the diagnosis
of T2DM. Prospective observational stud-
ies have demonstrated that several non-
specific indicators of inflammation were
found to be predictive of incident T2DM
(11-14). Among them, C-reactive protein
is a nonspecific inflammatory marker and
the most commonly measured circulating
marker for subclinical inflammation
(13,15). The standardized assays for its
measurement are widely available (13,15).
In this study, the association between
serum baseline ANGPTL2 levels and
incident T2DM was found to be indepen-
dent of the hs-CRP levels. Nevertheless,
further studies would be required to reveal
whether the association is truly indepen-
dent of other established inflammatory
markers.

This analysis clearly showed that el-
evated serum ANGPTL2 levels were in-
dependently associated with incident
T2DM. Further studies are needed to
reveal the role of ANGPTL?2 in inflamma-
tion in human adipose tissue and the
development of T2DM.
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