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OBJECTIVEdEmerging data implicate activation of the complement cascade in the patho-
genesis of type 2 diabetes. The objective of the current study was to evaluate the relationships
between components of the complement system, metabolic risk factors, and family history of
type 2 diabetes in healthy South Asians.

RESEARCH DESIGN AND METHODSdWe recruited 119 healthy, first-degree rela-
tives of South Asian subjects with type 2 diabetes (SARs) and 119 age- and sex-matched, healthy
South Asian control subjects (SACs). Fasting blood samples were taken for measurement of
complement factors and standard metabolic risk factors.

RESULTSdSARs were characterized by significantly higher properdin (mean concentration
12.6 [95% CI 12.2–13.1] mg/L vs. SACs 10.1 [9.7–10.5] mg/L, P , 0.0001), factor B (187.4
[180.1–195.0] mg/L vs. SACs 165.0 [158.0–172.2] mg/L, P, 0.0001), and SC5b-9 (92.0 [86.1–
98.3] ng/mL vs. SACs 75.3 [71.9–78.9] ng/mL, P , 0.0001) and increased homeostasis model
assessment of insulin resistance (2.86 [2.61–3.13] vs. SACs 2.31 [2.05–2.61], P = 0.007).
C-reactive protein did not differ between SARs and SACs (P = 0.17). In subgroup analysis of
25 SARs and 25 SACs with normal oral glucose tolerance tests, properdin, factor B, and SC5b-9
remained significantly elevated in SARs.

CONCLUSIONSdIncreased properdin and complement activation are associated with a
family history of type 2 diabetes in South Asians independent of insulin resistance, and predate
the development of impaired fasting glucose and impaired glucose tolerance. Properdin and
SC5b-9 may be novel biomarkers for future risk of type 2 diabetes in this high-risk population
and warrant further investigation.
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C linical studies indicate that elevated
plasma C3 is associated with type 2
diabetes, and C3 levels correlate with

metabolic risk factors, includingmeasures of
obesity, insulin resistance, and dyslipidemia
(1,2). A functional role for the complement
system in the pathogenesis of insulin resis-
tance and type 2 diabetes is supported by a
variety of in vitro and in vivo studies sug-
gesting pleiotropic effects of complement
components on adipocyte, endothelial,
and inflammatory cell function (3).

South Asians living in the U.K. are at
particularly high risk for development of
type 2 diabetes, which is partly attributed
to increased insulin resistance and asso-
ciated risk factor clustering (4,5). We and
others have shown that C3 is elevated in
healthy South Asian subjects compared
with healthy Caucasian counterparts
(6,7). In addition, Siezenga et al. (7) dem-
onstrated increased SC5b-9 (a marker of
complement activation) in healthy South
Asians compared with Caucasians. These

data therefore suggest that complement
activationmay contribute to the increased
risk for type 2 diabetes in South Asians.

The first-degree relatives of patients
with type 2 diabetes are at increased risk
for the development of both type 2 dia-
betes and cardiovascular disease, and this
is associated with clustering of insulin
resistance and othermetabolic risk factors
(8,9). The relationship between comple-
ment activation and family history of type
2 diabetes in South Asians is unknown.
The aim of the current study was, there-
fore, to evaluate the relationships between
components of the complement system,
metabolic risk factors, and family history
of type 2 diabetes in healthy South Asians.

RESEARCH DESIGN AND
METHODS

Subjects
First-degree relatives (n = 119; mother,
father, or sibling) of South Asian subjects
with confirmed type 2 diabetes (SARs)
were enrolled into the study through the
Diabetes Unit at the Leeds General Infir-
mary (St. James’s University Hospital,
Leeds, U.K.) and the Bradford Royal In-
firmary (Bradford, U.K.) as well as directly
fromwithin the community through local
mosques, temples, and community cen-
ters. Only one relative for each patient
with type 2 diabetes was recruited. A fur-
ther 119 unrelated South Asian control
subjects (SACs) who were free from a per-
sonal or family history of type 2 diabetes
were recruited from the same local com-
munity networks. All participants were
18 years or older, of South Asian origin
(India, Pakistan, or Bangladesh, with their
four grandparents originating from one of
these countries), and free from a personal
history of diabetes (fasting plasma glucose
,7.0 mmol/L and no antidiabetes ther-
apy), malignancy, chronic inflammatory
condition, or recent infection. Subjects
with mixed parentage were excluded
from the study. All subjects gave written
informed consent according to a protocol
approved by The United Leeds Teaching
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Hospitals Trust and Bradford Hospitals
Trust research ethics committees.

Anthropometric and clinical
risk factors
BMI was calculated from weight in kilo-
grams divided by the square of height in
meters. Waist-to-hip ratio (WHR) was cal-
culated by taking the measurement (to the
nearest 0.5 cm) at minimum abdominal
girth divided by the measurement at max-
imal protrusion of the hips. Systolic and
diastolic blood pressures were calculated
from the mean of three separate readings
measured to the nearest 2 mmHg with
subjects in the sitting position after a
15-min period of rest. Subjects were classi-
fied as nonsmokers, ex-smokers, or current
smokers.

Blood sampling
After a 10-h overnight fast, 50 mL of
blood was taken from an antecubital vein
without stasis using a 19-gauge needle.
Blood was taken into lithium heparin on
ice for assay of insulin; 0.109 mol/L triso-
diumcitrate on ice for assay ofC3,C-reactive
protein (CRP), factor B, properdin, and
factor H; and EDTA on ice for measure-
ment of C3adesArg, SC5b-9, and Bb frag-
ment. Samples were centrifuged at 2,560 g
at 48C for 30 min, and 0.5 mL aliquots of
plasmawere snap frozen in liquid nitrogen
for storage at 2808C until assay. Blood
was also collected into lithium fluoride
for plasma glucose estimation, lithiumhep-
arin for lipid fraction analysis, and EDTA
for glycosylated hemoglobin (HbA1c). A
subgroup of participants (n = 33 controls;
n = 48 relatives) also underwent a standard
oral glucose tolerance test (OGTT).

Analysis of standard biochemical
risk factors
Standard biochemical risk factors were
analyzed by the Department of Chemical
Pathology at the Leeds General Infirmary.
Measurements of plasma glucose (by a
glucose oxidase method), cholesterol, and
triglyceride were made with a Hitachi
747 autoanalyzer (Boehringer Mannheim).
HDL was measured by a Hitachi 717
autoanalyzer (Boehringer Mannheim) after
removal of chylomicrons, LDL, and VLDL
by precipitation with phosphotungstic
acid and magnesium chloride. LDL was
calculated by the Friedewald equation.
HbA1c was measured by a Glycomat auto-
analyzer (Ciba Corning). Subjects were
classified into those with and without the
metabolic syndrome (MetS), in accordance
with the International Diabetes Federation

definition, using ethnicity-specific cut
points for waist circumference ($90 cm
in males and$80 cm in females) (10). In-
sulin resistance was estimated by use of
the homeostasis model assessment of in-
sulin resistance (HOMA-IR). Impaired
fasting glucose (IFG) and impaired glucose
tolerance (IGT) were classified according
to World Health Organization criteria.

Analysis of inflammatory factors
In-house enzyme-linked immunosorbent
assays (ELISAs) were established using
commercially available antibodies for the
measurement ofCRP (DAKO),C3 (DAKO),
factor B (Quidel), properdin (Antibody-
Shop), and factor H (Quidel). Commer-
cially available ELISA kits were used for
themeasurement of fragment Bb (Quidel),
C3adesArg (Quidel), SC5b-9 (Quidel),
and fasting insulin (BioSource). The inter-
assay coefficients of variation were,10%
and the intra-assay coefficients of variation
were ,5% for each ELISA.

Statistical analysis
C3, factor H, waist circumference, and
LDL were normally distributed; all other
variables were log10 transformed to achieve
normal distribution. Differences in nor-
mally distributed variables between
groups were assessed by Student t test
or one-way ANOVA, and data were

presented as mean or geometric mean
and 95% CIs. Differences in categorical
data between groups were assessed by x2

test. Partial correlation coefficients be-
tween complement components and
other cardiovascular risk factors were de-
termined after adjustment for age and sex.
Linear regression analysis was carried out
to identify independent predictors of indi-
vidual complement components, and gen-
eral linear model analysis was carried out to
determine whether differences in comple-
ment components between relatives and
control subjects were independent of cova-
riates. Logistic regression analysis was used
to identify factors independently associated
with family history of diabetes. Statistical sig-
nificance was taken as P, 0.05. All statisti-
cal analyses were performed using PASW
Statistics 18 for Windows (SPSS Inc.).

RESULTS

Characteristics of SARs and SACs
The characteristics of healthy South Asian
subjects with and without a family history
of type 2 diabetes are presented in Table 1.
The SARs and SACs were closely matched
for age, sex, and current smoking and had
similar BMI, WHR, waist circumference,
fasting glucose, IFG, HbA1c, and history
of hypertension. Total cholesterol, LDL,
triglycerides, insulin, and HOMA-IR

Table 1dClinical and biochemical characteristics of SARs and SACs

SACs SARs P

n 119 119
Age (years) 36.6 (34.5–38.8) 36.1 (34.1–38.1) 0.74
Female:male 87:32 87:32 1.00
Current smokers 11 (0.09) 10 (0.08) 0.82
BMI (kg/m2) 26.2 (25.3–27.1) 27.0 (26.2–27.8) 0.22
Waist circumference (cm) 92.3 (89.9–94.8) 92.4 (90.0–94.8) 0.94
WHR 0.88 (0.87–0.90) 0.88 (0.87–0.90) 0.92
Systolic blood pressure (mmHg) 119 (116–122) 121 (118–124) 0.46
Diastolic blood pressure (mmHg) 79 (77–81) 78 (76–80) 0.54
Hypertension 10 (0.08) 10 (0.08) 1.0
Cholesterol (mmol/L) 4.47 (4.30–4.65) 4.79 (4.61–4.98) 0.017
HDL (mmol/L) 1.22 (1.18–1.27) 1.22 (1.17–1.26) 0.87
LDL (mmol/L) 2.78 (2.64–2.92) 3.04 (2.89–3.20) 0.015
Triglyceride (mmol/L) 1.08 (0.97–1.19) 1.25 (1.12–1.39) 0.045
Glucose (mmol/L) 4.85 (4.76–4.95) 4.91 (4.81–5.01) 0.42
IFG 3 (0.025) 7 (0.06) 0.20
HbA1c (%) 5.56 (5.49–5.63) 5.56 (5.50–5.63) 0.99
Insulin (mIU/mL) 10.7 (9.6–12.0) 13.1 (12.1–14.2) 0.006
HOMA-IR 2.31 (2.05–2.61) 2.86 (2.61–3.13) 0.007
MetS 42 (0.35) 42 (0.35) 1.0
CRP (mg/L) 1.07 (0.84–1.35) 1.34 (1.07–1.67) 0.17
Fibrinogen (g/L) 2.33 (2.25–2.41) 2.45 (2.35–2.55) 0.07

Data presented as mean or geometric mean (95% CIs) or number (frequency).
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were significantly higher in the relatives
compared with control subjects, although
there was no difference in the prevalence
of the MetS between relatives and control
subjects (Table 1). The acute phase reac-
tants CRP and fibrinogen were not signif-
icantly different between relatives and
control subjects (Table 1). There were no
significant differences in drug therapies
between the two groups (data not shown).
In the subgroup of 33 SACs and 48 SARs
who underwent OGTT, 5 SACs and 1 SAR
had IGT (P = 0.027).

Relationships between complement
components and family history of
type 2 diabetes in healthy South
Asians
The alternative complement components
factor B and properdin and the terminal
complement activation component SC5b-
9 were significantly higher in SARs com-
pared with SACs, as shown in Fig. 1. In
contrast, no significant differences in C3
(SACs 1.23 [95% CI 1.19–1.28] g/L vs.
SARs 1.26 [1.21–1.31] g/L, P = 0.40), Bb
(SACs 0.73 [0.70–0.76] mg/mL vs. SARs
0.70 [0.67–0.73] mg/mL, P = 0.17),
C3adesArg (SACs 121.9 [111.4–133.3]
ng/mL vs. SARs 109.3 [101.3–117.9]
ng/mL, P = 0.071), or factor H (SACs
214.8 [205.9–223.7] mg/mL vs. SARs
219.9 [210.0–229.7] mg/mL, P = 0.46)
were identified.

In logistic regression analysis, the
factors independently associated with
a family history of type 2 diabetes were
properdin (odds ratio [OR] for one SD
increase in log10properdin 5.26 [95% CI
3.02–9.14], P, 0.0001), SC5b-9 (OR for
one SD increase in log10SC5b-9 2.39
[1.55–3.68], P, 0.0001), factor B (OR for
one SD increase in log10factorB 1.75 [1.06–
2.89], P = 0.030), HOMA-IR (OR for one
SD increase in log10HOMA-IR 1.59

[1.04–2.45], P = 0.034), C3adesArg (OR
for one SD increase in log10C3adesArg
0.62 [0.40–0.88], P = 0.041), and C3
(OR for one SD increase in C3 0.50
[0.25–0.99], P = 0.047).

To exclude the potential impact of
IFG and IGT, we evaluated a subgroup of
25 SACs and SARs with normal glucose
tolerance on OGTT. The characteristics of
this subgroup of SACs and SARs are pre-
sented in Supplementary Table 1 and were
similar to the characteristics of the whole
study population. In this subgroup, pro-
perdin, SC5b-9, and factor B were signif-
icantly higher in SARs compared with
SACs, whereas C3, C3adesArg, Bb, and
factor H were not significantly different
between the groups, as shown in Table 2.

Relationships between complement
components and metabolic risk
factors in South Asians
The age- and sex-adjusted correlations
between complement components are
presented in Table 3. C3, factor B, proper-
din, and factor H were all significantly
correlated with each other in SARs and
SACs. For the complement activation
markers, C3adesArg was only significantly
correlated with SC5b-9 in both SARs and
SACs. Factor Bb was significantly inver-
sely correlated with C3 in SARs only,
and SC5b-9 was significantly inversely
correlated with properdin, factor H, C3,
and factor B only in SACs. Complement
components were correlated with a variety
of cardiometabolic risk factors, as shown
in Supplementary Table 2.

In linear regression analyses adjusting
for age and sex, independent predictors of
properdin in SACs were C3, factor B, and
HOMA-IR (accounting for 15.9, 3.9, and
3.0% of the variance, respectively), and in
SARs were BMI, HOMA-IR, cholesterol,
and CRP (14.8, 5.1, 3.9, and 3.3% of the

variance, respectively). Independent pre-
dictors of SC5b-9 in SACs were C3
and C3adesArg (7.5 and 5.2% of the
variance, respectively), and in SARs
were C3adesArg and triglyceride (8.8
and 3.0% of the variance, respectively).
Independent predictors of factor B in
SACs were factor H, CRP, and cholesterol
(39.7, 10.5, and 4.1% of the variance,
respectively), and in SARs were CRP and
factor H (26.4 and 8.3% of the variance,
respectively). Age and sex were the only
determinants of Bb in SACs (5.4% of the
variance), and in SARs, HOMA-IR was the
only independent determinant of Bb
(10.9% of the variance). Independent
predictors of C3 in SACs were factor H,
CRP, cholesterol, HOMA-IR, and proper-
din (45.5, 6.0, 4.0, 2.3, and 1.6% of the
variance, respectively), and in SARs were
factor H, triglyceride, and CRP (25.1,
12.4, and 4.2% of variance, respectively).
Independent determinants of C3adesArg
in SACs were hypertension, SC5b-9, and
CRP (10.3, 3.7, and 3.3% of the variance,
respectively). In SARs, independent deter-
minants were SC5b-9 and CRP (9.0 and
4.3% of variance, respectively). Indepen-
dent determinants of factor H in SACs
were C3, factor B, and BMI (44.1, 10.9,
and 1.8% of the variance, respectively),
and in SARs were factor B, C3, and
CRP (25.5, 9.2, and 3.6% of variance,
respectively).

We evaluated the relationships be-
tween inflammatory factors, HOMA-IR,
and MetS, as an indicator of risk factor
clustering. As shown in Supplementary
Table 3, there were no significant differ-
ences in complement factors between
SACs with MetS compared with SACs
without MetS. Properdin and C3 were
the only complement factors that were
significantly higher in SARs with MetS
compared with SARs without MetS.

BA C

Figure 1dFactor B, properdin, and SC5b-9 in SARs of patients with type 2 diabetes and SACs. Factor B (A), properdin (B), and SC5b-9 (C) were
significantly higher in SARs compared with SACs. P , 0.0001 for each comparison.
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CONCLUSIONSdInsulin resistance
is prevalent in South Asians and contrib-
utes to increased risk for type 2 diabetes.
A role for complement-mediated inflam-
mation is supported by increased C3 and
SC5b-9 in South Asians compared with
Caucasians (6,7), and may suggest a ge-
netic predisposition. In the current study,
SARs had significantly higher insulin and
HOMA-IR and displayed dyslipidemia
compared with SACs, consistent with
previous studies in Caucasians (9,11).
SARs and SACs were well matched for
age, sex, measures of adiposity, smoking,
and prescribed drugs, suggesting these
factors are unlikely to account for ob-
served differences.

The associations between elevated
properdin, factor B, and SC5b-9 and family
history of type 2 diabetes, independent of
insulin resistance, represent the key novel
findings of the current study. Properdin,
factor B, and SC5b-9 were also signifi-
cantly higher in SARs in a matched sub-
group with normal glucose tolerance on

OGTT, suggesting these complement fac-
tors are elevated preceding the develop-
ment of IFG and IGT. Factor B, properdin,
and SC5b-9 may therefore be specifically
related to the processes underpinning de-
velopment of type 2 diabetes rather than
reflecting more generalized inflammatory
and metabolic processes.

The results of the current study are
consistent with those of Peake et al. (12),
who found elevated factor B, but similar
Bb, in Caucasian relatives of patients with
type 2 diabetes. Factor B is essential for al-
ternative C3 convertase formation (C3bBb)
(13) and is an acute phase reactant synthe-
sized by liver and adipose tissue (14). Ele-
vated levels in SARs could reflect generalized
inflammation; however, this is not sup-
ported by the similarity in CRP, fibrino-
gen, and C3 between SARs and SACs,
consistent with results in Caucasians
(15). Plasma factor B is elevated in obesity
and decreases with weight loss, suggesting
adipose tissue contributes significantly to
the plasma pool. However, given the

similarity in adiposity between SARs and
SACs, it seems unlikely that adiposity per
se accounts for the increased factor B in
SARs.

Properdin stabilizes the alternative
C3 convertase (C3bBbP) and anchors it to
activating surfaces, leading to enhanced
C3 cleavage (16), suggesting that elevated
properdin and factor B in SARs contribute
to complement activation and the ob-
served increase in SC5b-9. Plasma proper-
din mainly arises from secretion by bone
marrow–derived cells, particularly cells of
the myeloid lineage (17). A proportion of
plasma properdin may also be derived
from vascular endothelial cells, which syn-
thesize and secrete properdin especially in
response to turbulent flow (18). Increased
properdin in SARs may therefore reflect
ongoing in vivo activation of inflamma-
tory and endothelial cells, leading to en-
hanced complement activation through
stabilization of alternative C3 convertases.
Complement activation ultimately leads to
the formation of both the surface-bound
C5b-9 and soluble SC5b-9 complexes,
and increased SC5b-9 reflects ongoing in
vivo complement activation. C3adesArg
did not differ between SARs and SACs in
the current study, inconsistent with previ-
ous studies (3). Since C3adesArg is closely
associated with obesity, the similarity be-
tween SARs and SACs with respect to
measures of adiposity may account for
the lack of association. Furthermore, pre-
vious studies have suggested that C3ade-
sArg is readily redistributed between
intravascular and extravascular compart-
ments andmay bemisleading as ameasure
of complement activation (12), whereas
SC5b-9 has a longer half-life in vivo and
is therefore considered to be a more reli-
able measure of in vivo complement ac-
tivation (19).

SC5b-9 could theoretically arise via
activation of any of the three complement
activation pathways or through impaired
inhibition of complement activation. The
alternative pathway is essential for ampli-
fication of complement activation through
the classical and mannose-binding lectin
pathways, with the majority of SC5b-9
generated via alternative pathway ampli-
fication, as demonstrated by a .80% re-
duction in SC5b-9 by antifactor D and
antiproperdin antibodies (20,21). There-
fore, elevated properdin and factor B in
SARs is consistentwith amajor contribution
of alternative pathway amplification to the
increased SC5b-9 in SARs. Factor H, the
major fluid-phase inhibitor of alternative
C3 convertases, did not differ between

Table 2dComplement components in a subgroup of SARs and SACs with normal
glucose tolerance

SACs (n = 25) SARs (n = 25) P

Properdin (mg/L) 8.6 (8.0–9.3) 12.11 (11.1–13.2) ,0.0001
SC5b-9 (ng/mL) 82.0 (74.8–90.0) 101.2 (92.2–111.2) 0.003
Factor B (mg/L) 145.2 (133.9–157.5) 187.1 (174.8–200.4) ,0.0001
Bb (mg/mL) 0.74 (0.68–0.81) 0.69 (0.64–0.75) 0.25
C3 (g/L) 1.20 (1.09–1.30) 1.26 (1.17–1.36) 0.36
C3adesArg (ng/mL) 105.2 (89.7–123.3) 103.0 (82.4–128.8) 0.88
Factor H (mg/mL) 209.8 (194.5–225.0) 211.5 (191.0–232.1) 0.89
Data presented as mean or geometric mean (95% CIs).

Table 3dAge- and sex-adjusted correlation coefficients between complement components
in SARs of subjects with type 2 diabetes and healthy SACs

Properdin Factor H C3 C3adesArg Factor B Bb

Controls
SC5b-9 20.271* 20.237* 20.284* 0.220* 20.247* 20.140
Properdin d 0.356† 0.403† 20.032 0.376† 20.050
FH d 0.671† 0.041 0.633† 20.070
C3 d 0.069 0.519† 20.051
C3adesArg d 0.160 0.081
FB d 20.050

Relatives
SC5b-9 20.066 0.131 0.015 0.315† 0.083 0.085
Properdin d 0.309† 0.315† 20.036 0.279* 0.018
FH d 0.495† 0.069 0.516† 20.146
C3 d 0.043 0.414† 20.194*
C3adesArg d 0.008 0.050
FB d 20.146

*P , 0.05. †P , 0.001.
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relatives and control subjects, suggesting
impaired alternative pathway inhibition
does not contribute significantly to in-
creased SC5b-9. CD55 and CD59 are
membrane-bound inhibitors of C3/C5
convertases and C5b-9 insertion into cell
membranes, respectively, are decreased
on peripheral blood leukocytes of patients
with type 2 diabetes (22) and in retinal
vessels of patients with diabetic retinopa-
thy (23), and decrease in response to ele-
vated glucose in vitro (24). These studies
suggest that reduced CD55 and CD59
may arise as a consequence of hyperglyce-
mia and lead to complement-induced vas-
cular complications. In the current study
we did not measure CD55 and CD59,
therefore we cannot exclude that differen-
ces in the membrane-bound inhibitors of
complement activation predate develop-
ment of type 2 diabetes and contribute to
increased SC5b-9.

Although the site(s) giving rise to in-
creased factor B, properdin, and SC5b-9
in the current study is unknown, animal
and in vitro studies suggest functional
roles for complement activation in adipo-
cyte triglyceride synthesis and glucose
uptake, macrophage infiltration into ad-
ipose tissue, insulin resistance, systemic
inflammation, and development and pro-
gression of atherosclerosis (25,26). Obe-
sity and obesogenic lifestyle factors, such
as diet and exercise, contribute to meta-
bolic and inflammatory abnormalities
and oxidative stress leading to insulin re-
sistance and types 2 diabetes. Although
SARs and SACs were similar with respect
to indirect measures of adiposity, the obe-
sity measures used in the current study do
not adequately differentiate between vis-
ceral and subcutaneous fat or potential
interindividual differences in proinflam-
matory phenotype, including macro-
phage infiltration into adipose tissue and
ectopic fat deposition in liver and skeletal
muscle. Although speculative, it is possi-
ble that SARs are characterized by an ad-
verse adipose tissue phenotype, ectopic
fat deposition, and systemic inflamma-
tion, leading to increased factor B and
properdin secretion, complement activa-
tion on activated leukocyte and endothe-
lial cell surfaces, and generation of C5b-9.
A variety of nonlytic actions of C5b-9 on
nucleated cells have been described that
may contribute to the development of in-
sulin resistance, including the generation
of reactive oxygen species, increased se-
cretion of proinflammatory factors, in-
cluding interleukin-6, tumor necrosis
factor-a, and monocyte chemoattractant

protein-1 (27), and increased IGF-1 and
IGF receptor expression (28). Therefore,
complement activation in SARs may oc-
cur in the vasculature and contribute di-
rectly to the development of insulin
resistance rather than arising secondary
to insulin resistance.

Limitations of the study
SACs may have a first-degree relative with
undiagnosed diabetes; however, this
would be expected to underestimate the
relationship between complement factors
and family history. No study participant
had a known history of myocardial infa-
rction; however, no electrocardiogram
was carried out to exclude undiagnosed
cardiovascular disease. Since comple-
ment factors were not consistently associ-
ated with conventional metabolic risk
factors or MetS, it seems unlikely that
complement factors are elevated second-
ary to clustering of classical cardiometa-
bolic risk factors. As not all participants
agreed to an OGTT, we are unable to
exclude IGT in these individuals. How-
ever, similar results were obtained in a
subgroup analysis of 25 SACs and 25
SARs with normal glucose tolerance on
OGTT, suggesting it is unlikely that com-
plement factors are elevated secondary to
IFG/IGT.

Summary
The results of the current study indicate
that elevated properdin, factor B, and
SC5b-9 are associated with family history
of type 2 diabetes independent of insulin
resistance, IFG, IGT, and classical meta-
bolic risk factor clustering. Increased pro-
perdin, factor B, and SC5b-9 levels may
therefore predate the development of type
2 diabetes and represent novel biomark-
ers in South Asians with a family history
of type 2 diabetes. These data add to a
growing body of evidence supporting a
role for complement activation in the me-
tabolic and inflammatory processes un-
derpinning the development of type 2
diabetes, and further studies are warran-
ted to investigate the genetic and envi-
ronmental determinants of complement
activation in South Asians.
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