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Association between complement component C3 and
body composition: a possible obesity inflammatory
biomarker for insulin resistance

Hayder A Al-Domi PhD, Reem M Al Haj Ahmad MSc

Department of Nutrition and Food Technology, School of Agriculture, The University of Jordan, Jordan

Background and Objectives: The C3 complement component (C3) is increasingly recognized as a cardiometa-
bolic risk factor. We aimed to examine the role of C3 in insulin resistance (IR) and its association with adiposity.
Methods and Study Design: Sixty-seven obese (18-35 years) participants were matched with normal weight
participants from the University of Jordan. BMI, waist-hip ratio (WHpR), and waist-height ratio (WHtR) were
calculated. Body percent fat mass (%FM) was determined using the bioelectrical impedance analysis. C3, insulin,
and glucose serum concentrations were measured. IR was assessed by the homeostasis model assessment of IR
(HOMA-IR). Results: Serum concentrations of C3 and IR were significantly higher in the obese group than that
in the normal body weight, regardless of gender (women: 1.2+0.08 and men: 1.2+0.08 vs women: 0.88+0.07 and
men: 0.94+0.05, p<0.01; women: 3.6+0.34 and men: 3.9+0.43 vs women: 1.7+0.12 and men: 2.0+0.24, respec-
tively; p<0.001). After adjustment for the potential confounders, BMI, waist circumference, WHtR and %FM
were correlated positively with C3 (r=0.44; 0.42; 0.47; 0.43, respectively; p<0.001), and with IR (r=0.67; 0.61;
0.59; 0.59, respectively; p<0.001). C3 was correlated with IR (r=0.35, p<0.001). In linear regression analysis, C3
was not associated with IR independent of BMI (p>0.05). Conclusions: C3 may be a marker of chronic inflam-
matory process independently underlying IR obese individuals regardless of gender, which may have a role in the

progression of IR during obesity.
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INTRODUCTION
Obesity is a global epidemic disease. It is an independent
risk factor for type 2 diabetes mellitus (T2DM), cardio-
vascular diseases, and certain types of cancers. Obesity is
recognized as a complex, multifaceted state of chronic
low-grade systemic inflammation, that promotes the obe-
sity-related cardiometabolic complications.'? While adi-
pose tissue (AT) plays a major role in energy storage, it
also acts as an active endocrine tissue by expressing and
secreting a range of multicellular bioactive proinflamma-
tory adipokines and cytokines, including tumor necrosis
factor-alpha (TNF-a), C-reactive protein (CRP), interleu-
kins (IL), and anti-inflammatory factors such as adi-
ponectin.® Evidence indicated that the association be-
tween obesity and insulin resistance (IR) has been well
established, which may be a causal relationship. The ma-
jor basis for this link is the ability of obesity to provoke
IR, which is an essential aspect of the etiology of T2DM
and obesity-related comorbidities.* Insulin is considered
an essential regulator of nearly all aspects of adipocyte
function, and adipocytes are one of the most highly insu-
lin-responsive cells. AT amplifies the proinflammatory
state by causing down streaming for insulin signaling
pathways. This decreases insulin sensitivity, enhances
hyperglycemia, and contributes to high compensatory
hyperinsulinaemia during obesity.’

The complement system is a heat-labile component of

the normal plasma made up of a large number of distinct
plasma proteins, which react to opsonize pathogens and
induce a series of inflammatory responses that help to
fight with infection antibodies. The role of the comple-
ment system with IgM antibodies in patients with HIV-
infected T-cells and patients with melanoma is well rec-
ognized.® Interestingly, the complement system is increas-
ingly recognized as a cardiometabolic risk factor activated
during obesity. The C3 complement component (C3) in
particular, plays a critical role in the management of the
complement system. Activation of any of the three path-
ways of the complement system (i.e. classical, alternative,
and lectin pathways) leads to the cleavage by the convert-
ase enzyme of the multifunctional protein C3.” C3 has
been linked to the etiology of obesity, and to a wide range
of obesity sequelae.® Moreover, C3 is associated with
different anthropometric indicators among different age
groups, such as BMI, waist circumference (WC), waist-
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hip ratio (WHpR), and waist-height ratio (WHtR).””

Understanding the role of the complement system in
the augmentation of obesity-induced chronic AT inflam-
mation and the progression of IR to T2DM may contrib-
ute to provide the profile of the immune response in
obese individuals. No data about the association between
C3 and body composition are available for Jordanian in-
dividuals. On these grounds, the objective of the present
study was to investigate the association between C3 and
body weight status determined by classical anthropomet-
ric measures, and the body composition determined by
the bioelectrical impedance analysis (BIA), and its asso-
ciation with IR among obese Jordanian individuals aged
18-35 years. These findings would then be used to plan
for appropriate public health and dietary interventions to
prevent obesity and/or ameliorate immune-inflammatory
profiles.

METHODS

Human participants

A case-controlled study was conducted between April
2015 and October 2015. A total of 67 (32 men and 35
women) obese (BMI >30 kg/m?), and 67 normal weight
(BMI=18.50-24.99 kg/m”) age and gender matched
students and employees (18-53 years) were recruited
from all 19 health, scientific and humanities faculties,
and all 27 administrative services units at the University
of Jordan. Participants who consented to participate in
the study were asked to fill in a health questionnaire.
Participants with any chronic or acute illness or receiv-
ing any medical treatments were excluded from the
study.'” To eliminate the limitations associated with
BMI, cases with % fat mass (%FM) <20 for men and
<31 for women or controls with %FM >20 for men and
>31 for women were excluded from the study.'' The
study protocol was approved by the Deanship of Aca-
demic Research at the University of Jordan (Ethical
approval number 123/2014-2015). All measurements
and data were used in a confidential manner.

Weight status assessment

In a follow-up session, weight, height, WC, and hip cir-
cumference (HC) were measured using standard proce-
dures.'” BMI, WHpR, and WHtR were calculated. Body
composition was estimated using a calibrated BIA
Bodystat®1500 MD unit (Body Stat Ltd., UK) for re-
search purposes. Participants were asked to fast and avoid
strenuous exercise for 8-12 hours prior to test, and to
drink sufficient water the day before the test. During the
test, they were asked to relax in a prone, anatomical posi-
tion, and to remove any metal from their hands and legs."’
Results were displayed instantly on the screen of the BIA
device. %FM >20 for men and >31 for women was con-
sidered as having excess fat."

Blood sampling

A 5 mL blood sample was collected from fasting (8-12
hours) participants. Blood samples were collected in se-
rum separator tubes, allowed to clot at room temperature
(25°C), and then centrifuged at 3000 xg for 15 min (Lab-
net®, Hermle Z200A, Germany). Aliquots were stored at

-20°C until analyzed.

Biochemical analysis

Serum samples were defrosted. C3 serum concentrations
were determined ELISA (MyBioSource®, Human C3
ELISA kit, CA. USA). Fasting insulin levels were deter-
mined by sandwich electrochemiluminescence immuno-
assay (ECLIA) (Roche Diagnostics”, Insulin, Switzer-
land). Fasting glucose levels were determined using the
enzymatic colorimetric method (Human®, Glucose liqui-
color, Germany). IR was determined by the homeostasis
model assessment of IR (HOMA-IR)."

Statistical analysis

Statistical analyses were performed using SPSS for win-
dows (IBM®, SPSS for windows version (19) 2010, Chi-
cago). Results are presented as meantstandard error of
the mean (SEM). Differences between the obese group
and the control group were obtained using ANOVA. Par-
tial correlations (r) were performed between different
anthropometric, body composition, and biochemical vari-
ables for the full cohort, after the potential confounders
were controlled for. The association between C3 and
HOMA-IR were measured by multivariate linear regres-
sion analyses for the full cohort, in which HOMA-IR was
entered as a dependent variable. The association of C3
with the risk of IR in obese as compared to controls was
determined by multiple logistic regression and document-
ed as OR with 95% CI. The cutoffs for different anthro-
pometric indicators were defined as follows: WC >80 cm
for women and >94 cm for men; WHpR >0.90 for women
and >0.85 for men; and WHtR >0.50 for both genders.

RESULTS

Table 1 shows that weight, BMI, WC, WHpR, WHItR,
and %FM were significantly (p<0.01) higher in the obese
group than that in the normal body weight participants,
regardless of gender. There was no significant difference
between obese men and women with regard to age, BMI,
HC, and WHtR (»>0.05).

Table 2 shows that C3 levels were significantly higher
in the obese group (women: 1.24+0.08 and men: 1.3£0.08;
p<0.01) than that among normal body weight counter-
parts (women: 0.88+£0.07 and men: 0.94+0.05; p<0.01).
Fasting insulin concentrations and HOMA-IR in the
obese group were significantly (p<0.001) higher than that
among the normal body weight group, regardless of gen-
der. There was no significant difference between obese
men and women for all tested biochemical variables
(»>0.05), whereas WHtR was significantly different be-
tween normal body weight men and women (p<0.05).

Table 3 shows partial correlations (r) for the full cohort,
after adjusting for the potential confounders. BMI, WC,
WHtR, and %FM were positively and significantly corre-
lated with C3. WHtR and BMI were the strongest indica-
tors correlated with C3 (r=0.47 and r=0.44, respectively;
p<0.001). BMI was the best indicator correlated with
HOMA-IR (r=0.67, p<0.001).

Figure 1 illustrates the difference in mean C3 serum
concentrations according to the percentage of the standard
for the indicative cutoffs of WC, WHpR, and WHtR for
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Table 1. Anthropometric and body composition characteristics of the participants’

Variables Obese (n=67) p—ValuejE Normal (n=67) p—ValuejE

Age (years) Women (n=35) 25.4+1.0° 0.79 23.9+0.78" 0.91
Men (n=32) 25.8+1.0° 23.8+0.75

Weight (kg) Women (n=35) 84.242.2° <0.001 57.3£1.0°" <0.001
Men (n=32) 102.943.0° 67.3+1.1°"

Height (cm) Women (n=35) 158.7+1.1° <0.001 161.5+0.76° <0.001
Men (n=32) 172.8+0.72° 173.0+1.1°

BMI (kg/m®) Women (n=35) 33.4+0.69" 0.36 21.9+0.31°" 0.20
Men (n=32) 34.4£0.81° 22.5+0.32°"

Waist circumference (cm) Women (n=35) 95.5+1.3° <0.001 73.1+0.79°" <0.001
Men (n=32) 107+2.0° 83.1£1.1°"

Hip circumference (cm) Women (n=35) 118+1.5° 0.57 98.2+0.82°™ 0.09
Men (n=32) 116.6+1.9° 95.9+1.0""

Waist-hip ratio Women (n=35) 0.81+0.01° <0.001 0.75+0.01°" <0.001
Men (n=32) 0.92+0.01° 0.87+0.02°*

Waist-height ratio Women (n=35) 0.60+0.01° 0.19 0.45ﬂ:0.01b:: 0.01
Men (n=32) 0.62+0.01° 0.48+0.01°

% Fat mass Women (n=35) 39.140.70° <0.001 24.6+0.63"" <0.001
Men (n=32) 27.7+1.0° 12.9+0.69°*

% Fat free mass Women (n=35) 60.9+0.70 <0.001 75.5i0.63b:: <0.001
Men (n=32) 72.3+1.0° 87.1+0.69"

"Data are given as the mean + SEM; p<0.05 is considered statistically significant. Means within the same row with different superscript

letters are significantly different.
i

Data are significantly different at p<0.01 level.
Data are significantly different at p<0.001 level.

_p-value represents the difference between men and women within the same group.

Table 2. Biochemical characteristics of participants by gender among groups’

Variables Obese (n=67) p—ValuejE Normal (n=67) p—ValuejE

C3 (g/L) Women (n= 35) 1.2+0.08° 0.35 0.88i0.07b: 0.47
Men (n=32) 1.3+0.08° 0.94+0.05"

Fasting Glucose (mg/dL) Women (n= 35) 87.7£1.5° 0.16 82.3+2.6" 0.06
Men (n=32) 91.7+2.3° 88.5+1.7°

Fasting Insulin (u[U/mL) Women (n= 35) 16.3+1.3a 0.70 8.3+ 0.47°" 0.58
Men (n=32) 17.1+1.7° 8.9+0.84%""

HOMA-IR Women (n=35) 3.6+£0.34° 0.55 1.7+0.12°" 0.27

C3: complement 3; HOMA-IR: homeostasis model assessment of insulin resistance.

"Data are given as the mean + SEM; p<0.05 is considered statistically
letters are significantly different.

significant. Means within the same row with different superscript

!p-value represents the difference between men and women within the same group.
*

Data are significantly different at p<0.01 level.
Data are significantly different at p<0.001 level.

Table 3. Correlation coefficients of tested biochemi-
cal variables with anthropometric and body composi-
tion indicators

. r (n=134
Indicators C3( g/L)§( HO)M AR
BMI (kg/m®) 0.447 0.67"
Waist circumference (cm) 0.42 0.61
Waist-hip ratio 0.24" 0.26"
Waist-height ratio 0.47" 0.59™
% Fat mass 0.43" 0.59"

% Fat free mass -0.43" -0.59"

C3: complement 3; HOMA-IR: homeostasis model assessment
of insulin resistance.

iFValues are gender-adjusted correlation coefficients.

YValues are smoking and gender-adjusted correlation coeffi-
cients.

"Correlation is statistically significant at 0.01 level.
**Correlation is statisticallv sienificant at 0.001 level.

all participants, which shows whether these indicators
exceed the indicative cutoffs or not (i.e. above or below
the 100%). C3 serum concentrations were significantly
higher among individuals with high %FM of the standard
for WC, WHpR, and WHtR, than individuals with a low
percent of the standard for the full cohort.

Figure 2 shows the partial correlation between HOMA-
IR, and C3 after the outliers were omitted and missing
values were replaced by a series mean. After we con-
trolled for gender and smoking, the r value was 0.316
(»<0.001).

To examine the effect of C3 on IR, we conducted linear
regression models in which HOMA-IR was entered as a
dependent factor, and C3 as an independent factor. The
predicted changes in HOMA-IR for the full cohort per
unit change of selected independent variable were docu-
mented as a f with its corresponding p-value and 95%
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Figure 1. Differences in mean complement 3 (C3) serum levels according to the percent of indicative cutoffs of waist circumference

(WC), waist-hip ratio (WHpR), and waist-height ratio (WHtR)
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Figure 1. Partial correlation between homeostasis model assessment of insulin resistance (HOMA-IR) and complement 3 (C3)

Table 4. Association between HOMA-IR and C3 in
the full cohort!

Predictors  B-coefficient  p-value 95% CI for B
C3 (glL) 1.7 <0.001 0.930-2.407
Model 1* 1.6 <0.001 0.805-2.323
Model 2° 0.28 NS -0.401-0.963

B: unstandardized regression coefficient; C3: complement 3;
HOMA-IR: homeostasis model assessment of insulin resistance.
p<0.05 is considered statistically significant.

ifModel 1: adjusted for age, gender and smoking.

YModel 2: adjusted as in model 1 plus BMI.

Table 5. Odd ratios of the obese participants with in-
sulin resistance as compared to normal weight partici-

pants without insulin resistance’

Predictors OR  p-value  95% CI for OR
(n cases/n controls)

Crude complement 3 8.07 <0.001 2.71-24.0
Model 1} 16.95 <0.001 4.45-64.66
Model 2° 0.388 NS 0.000-0.000

IpS0.0S is considered statistically significant.
"Model 1: adjusted for age, gender, and smoking.
*Model 2: adjusted as in model 1plus BMI.

CI (Table 4). C3 was no longer associated with HOMA-
IR increment when BMI was entered into the model.

Table 5 represents the OR of obese participants with IR
as compared to controls without IR for C3. The odds of
IR among obese participants increased by 16.95-fold as
C3 serum concentrations increased, as compared to nor-
mal body weight controls (95% CI: 4.45-64.66, p<0.001)
regardless of age, gender, and smoking status. However,
when we adjusted for the BMI, the p-value was higher
than 0.05.

DISCUSSION

The global epidemic of obesity has increased in all age
groups from 857 million in 1980 to reach 2.1 billion in
2013." This study aimed to investigate the association
between C3 and different anthropometric and body com-
position measures, and their association with IR among a
group of obese adults as compared to normal weight
counterparts.

Mean HOMA-IR was significantly higher in the obese
group than that among normal weight participants
(»<0.001), and was also correlated with WC, WHpR,
WHtR, and %FM regardless of gender (p<0.05). These
findings are consistent with other reports.’*"!” While BMI
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showed the strongest association with HOMA-IR, WHpR
showed the weakest. Tulloch-Reid ez al. (2003)'® reported
that BMI was the best predictor of diabetes in men and
women, regardless of age. Furthermore, findings demon-
strated that WC and WHtR significantly correlated with
HOMA-IR (p<0.001)."”** Hence, our findings support
that obesity has the ability to engender IR.**'°

Our findings showed that mean C3 serum concentra-
tions were significantly higher among the obese partici-
pants than that in the normal weight counterparts, regard-
less of gender (p<0.01). We also found a positive correla-
tion between mean C3 serum concentrations and different
anthropometric and body composition indicators, includ-
ing WC, WHpR, WHIR, and %FM (p<0.01). The im-
probable activation of the complement system among
obese individuals was investigated by different research-
ers with regard to obesity measures among different age
groups and their results were in accordance with our find-
ings.”” Evidently, AT contains a considerable amount of
C3 mRNA, factor B; and it ranks as the first among other
tissues to contain factor D (or Adipsin) production. Thus,
AT can produce all activating factors of the alternative
pathway of the complement system.*"*

In accordance with the findings of an earlier report
which indicated that elevated C3 is associated with
T2DM and IR,” we found a positive correlation between
IR and C3. Nevertheless, in the current study, we exam-
ined this association in the context of several confounders,
including age, gender, smoking, and BMI, and demon-
strated that one unit increment in C3 was associated with
a 1.564 increase in HOMA-IR, regardless of gender, age,
and smoking (p<0.001). However this association disap-
peared when BMI was entered into the third model. These
results highlighted the synergistic role of C3 with other
inflammatory biomarkers during obesity-induced IR. All
alternative pathway factors are produced in the AT as
aforementioned. C3 cleavage into C3a and C3b is en-
hanced by the C3 convertases. The former will form acyl-
ation-stimulating protein (ASP) (C3a-desArg), which
binds to C5L2 in the AT and provides an insulin-like
function. It enhances the metabolism of glucose, triglyc-
erides production, and insulin secretion.**** However,
both fractions will bind to their receptors and act as po-
tent chemoattractants in obese individuals.® In addition,
elevated levels of different cytokines from AT may dis-
rupt ASP signaling pathway, leading to elevated levels of
ASP’s precursor and therefore ASP resistance.*® Thus, the
association between increased %FM and elevated C3 se-
rum concentrations, which in turn exacerbates IR induced
by obesity, seems convincing.

This is the first study to provide data on the association
between C3 and body composition in obese Jordanian
adults. The main limitations of this study were as follows:
First, ASP or other cleavage products of C3 were not
measured, thus we could not provide a comprehensive
profile of the complement system’s role in the inflamma-
tory condition associated with obesity. Second, lipid con-
centrations were not determined, which may affect the C3
serum concentrations, independent of obesity. Third,
surrogate indexes of liver function, such as aspartate
transaminase and alanine transaminase were not exam-

ined to determine the source of C3.® Finally, the case-
controlled design does not provide the direction of the
association and therefore we cannot determine conclu-
sions on the mechanism nor on causality.

Conclusion

Complement 3 serum concentrations were not only asso-
ciated with anthropometric and body composition indices,
but also with increased HOMA-IR among adult men and
women. The association between HOMA-IR and C3 was
determined by the BMI. The impact of the complement
system component on IR in healthy obese individuals
needs to be fully evaluated in order to provide an integral
understanding of subclinical inflammation associated
with obesity.
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