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Abstract 
Inflammation plays a fundamental role in the development of several metabolic diseases, including obesity and type 2 diabetes (T2D); the com-
plement system has been implicated in their development. People of Black African (BA) ethnicity are disproportionately affected by T2D and 
other metabolic diseases but the impact of ethnicity on the complement system has not been explored. We investigated ethnic differences 
in complement biomarkers and activation status between men of BA and White European (WE) ethnicity and explored their association with 
parameters of metabolic health. We measured a panel of 15 complement components, regulators, and activation products in fasting plasma 
from 89 BA and 96 WE men. Ethnic differences were statistically validated. Association of complement biomarkers with metabolic health indices 
(BMI, waist circumference, insulin resistance, and HbA1c) were assessed in the groups. Plasma levels of the key complement components C3 
and C4, the regulators clusterin and properdin and the activation marker iC3b were significantly higher in BA compared to WE men after age 
adjustment, while FD levels were significantly lower. C3 and C4 levels positively correlated with some or all markers of metabolic dysfunction 
in both ethnic groups while FD was inversely associated with HbA1c in both groups, and clusterin and properdin were inversely associated 
with some markers of metabolic dysfunction only in the WE group. Our findings of increased levels of complement components and activation 
products in BA compared to WE men suggest differences in complement regulation that may impact susceptibility to poor metabolic health.
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Introduction
The complement system comprises more than 50 protein re-
ceptors and regulators in four major pathways: the classical, 
lectin, and alternative activation pathways, and the common 
terminal pathway [1]. It is an integral component of innate 
immunity with involvement in the elimination of microbes 
and cellular debris and crosstalk with other immunological, 
inflammatory, and coagulation processes. Originally char-
acterized as a first-line defence against microbial invaders 
and eliminator of immune complexes, more recent evidence 
has implicated the complement system in a diversity of pro-
cesses, including tissue regeneration, synapse maturation, 
and lipid metabolism [2–4]. Although a series of positive 
and negative regulator proteins tightly control the com-
plement system, excessive activation or insufficient control 
of the system is recognized as a driver of a wide range of 
inflammatory and immune-regulated disorders including 
age-related ocular pathologies, cancer, neurodegeneration, 
and metabolic diseases [5, 6]. Complement dysregulation is 
also implicated in the maladaptive inflammatory response 
seen in severe COVID-19; complement is directly activated 
by the SARS-CoV-2 virus through the lectin and alterna-
tive pathways, and anti-viral antibodies can trigger clas-
sical pathway activation [7–9]. Complement activation in 
COVID-19 has been implicated in acute lung injury, pul-
monary microvascular thrombosis, and as a trigger of the 
cytokine storm response [10].

Inflammation is recognized to play a fundamental role 
in the initiation, development, and progression of several 
metabolic disorders such as obesity, type 2 diabetes (T2D), 
and atherosclerosis [11, 12]. A role for the complement 
system as a driver of inflammation in these contexts has 
been suggested, likely through adipose tissue-related in-
flammatory pathways [6, 13]. Complement has important 
roles in the biology of adipose tissue. Adipocytes are the 
primary source of factor D, an essential enzyme in the al-
ternative complement pathway; indeed, factor D was inde-
pendently discovered as a regulator of lipid metabolism, 
adipsin [14]. Other components and regulators of the al-
ternative pathway, C3, Factor B, properdin, Factor H, and 
Factor I, are expressed in adipose tissue and plasma levels 
of these are elevated in people with obesity and/or insulin 
resistance [15, 16]. C3, the most abundant complement 
protein, is primarily produced by hepatocytes and is an 
acute phase reactant; hepatic production is markedly in-
creased in response to pro-inflammatory cytokines. C3 may 
also provide an important link between inflammation and 
thrombosis by interacting with fibrin to prolong fibrinolysis 
in people with diabetes [17].

People of Black African (BA) ethnicity are dispropor-
tionately affected by metabolic disorders such as T2D [18, 
19]. Obesity or excess adiposity is recognized to be one of 
the strongest contributors to the development of T2D [20], 
with risk developing at significantly lower levels of adi-
posity in people of BA compared to White European (WE) 
ethnicity [21]. Adipose tissue dysfunction, particularly pro-
inflammatory activity, has been implicated as a  driver of 
the insulin resistance that underlies T2D [22]. However, 

the influence of ethnicity on the complement system has re-
ceived little attention. To test whether ethnicity impacted 
complement in a manner that might influence susceptibility 
to metabolic disorders such as T2D, we measured a panel 
of complement biomarkers, including activation products, 
alongside indicators of obesity and metabolic health in men 
of BA and WE ethnicity resident in the UK.

Materials and methods
Study overview and design
An observational study was undertaken principally aiming 
to compare cardiometabolic risk between men of BA and 
WE ethnicity. Data and sample collection were conducted at 
King’s College Hospital, London, UK, between April 2013 
and December 2019, as part of the South London Diabetes 
& Ethnicity Phenotyping Study (Soul-Deep), which was 
reviewed and approved by the London Bridge National 
Research Ethics Committee (references: 15/LO/1121 and 12/
LO/1859). All participants provided written, informed con-
sent prior to participation.

Participants
Data included in this study were collected from individuals 
that were screened for participation in the Soul-Deep study, 
which is an observational study investigating ethnic differ-
ences in the pathophysiology of T2D between men of BA 
and WE ethnicity [23]. Participants were recruited by ad-
vertisements in newspapers, general practices, Facebook, and 
leaflet distribution. Men aged 18–65 years, either healthy or 
with prediabetes/T2D were recruited and considered eligible 
to participate if they: (1) had a body mass index (BMI) of 
20–40 kg/m2; (2) were of BA or WE ethnicity. Men with a 
BMI below 20 or above 40 kg/m2 were excluded to avoid 
the inclusion of distinct phenotypes associated with extremes 
of adiposity in the cohort. Eligibility for participation was 
determined during an initial assessment which included a 
screening health questionnaire to report age, date of diabetes 
diagnosis if applicable, medical history, current medication, 
and self-declared ethnicity of self, parents, and grandpar-
ents; participants were eligible if they self-declared their eth-
nicity as ‘Black’, ‘Black African’, ‘Black-British’ and were of 
Black West African heritage, defined as having two parents 
and four grandparents born in a West African country, ac-
cording to the United Nations Statistics Division (hereafter, 
Black African or ‘BA’). Similarly, White European participants 
were eligible if they self-declared their ethnicity as ‘White’, 
‘White-British’, ‘White-European’, ‘White Other’ and were of 
White European heritage, defined as having two parents and 
four grandparents born in a Northern, Eastern, or Central 
European country, according to the United Nations Statistics 
Division (hereafter, White European or ‘WE’). A fasting blood 
sample was taken for measurement of full blood count, renal 
and liver function, HbA1c, lipid profile, sickle cell trait, 
auto-antibodies (anti-insulin, anti-GAD, and anti-IA2), and 
complement proteins, which were measured from plasma col-
lected in EDTA tubes. In a sub-sample of the cohort, fasting 
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insulin was measured, and insulin resistance was estimated 
using the Homeostatic Model Assessment-2 (HOMA2-IR) 
method [24]. Anthropometric measurements were taken and 
included height, weight, waist circumference (measured at the 
midpoint between the lowest rib and iliac crest), and seated 
blood pressure. Participants were excluded if they showed 
evidence of liver or kidney damage, determined from a serum 
alanine aminotransferase (ALT) level of 2.5-fold above the 
upper limit of the reference range or serum creatinine level 
above 150 mmol/l, respectively, or tested positive for anti-
insulin, anti-GAD or anti-IA2 auto-antibodies, or had docu-
mented sickle cell disease.

Biochemical tests
Plasma glucose concentrations were determined using an 
automated glucose analyser (Yellow Spring Instruments, 
2300 STAT Glucose Analyzer, OH, USA). Serum insulin con-
centrations were determined by immunoassay using chemi-
luminescence technology (ADVIA Centaur System, Siemens 
Healthcare Ltd., Camberley, UK); inter-assay and intra-assay 
CVs were ≤5.9% and 4.6%, respectively.

Measurement of blood lipids (total-, LDL- and HDL-
cholesterol and triglycerides) were conducted in the central 
clinical pathology laboratory at King’s College Hospital using 
colorimetric assays on an automated clinical chemistry ana-
lyser. HbA1c was measured by boronated affinity binding 
and high-performance lipid chromatography (Premier 
Hb9210 analyser, Trinity Biotech, Jamestown, NY, USA); the 
inter-assay and intra-assay CVs were between 1.28–1.62% 

and 0.72–1.26%, respectively. Serum insulin concentration 
was measured by immunoassay using chemiluminescent 
technology (ADVIA Centaur System, Siemens Healthcare, 
Camberley, UK); the intra-assay CVs were between 3.2–4.6% 
and the inter-assay CVs were between 2.6–5.9%.

Plasma complement C3 and C4 were determined in the 
Clinical Chemistry lab at Addenbrooke’s Hospital Cambridge 
using laser nephelometry (Beckman-Coulter). The concen-
trations of complement components (C1q, Factor B (FB), 
Factor D (FD), C5), regulators (C1 inhibitor (C1inh), Factor 
H (FH), FH-related proteins 1,2 and 5 (FHR125), FH-related 
protein 4 (FHR4), Factor I (FI), Properdin, Clusterin), and 
activation products (iC3b, terminal complement complex 
(TCC)) were measured using established in-house enzyme-
linked immunosorbent assays (ELISA) (Table 1). Maxisorp 
(Nunc, Loughborough, UK) plates were coated with cap-
ture antibody diluted in carbonate buffer (1–5 μg/ml) over-
night at 4°C, blocked (1 h at 37°C) with either 2% bovine 
serum albumin (BSA) or 2% non-fat dried milk (NFM) in 
phosphate-buffered saline containing 0.5% tween-20 (Sigma 
Aldrich) (PBS-T), then washed once with PBS-T. Purified 
protein standards and plasma samples were optimally di-
luted in 0.2% BSA or 1% NFM in PBS-T according to the 
individual assay standard operating procedure (SOP) (Table 
1) and then added to plates in duplicate (50 µl). Plates were 
incubated (1.5 h at 37°C), washed with PBS-T, then detec-
tion antibody (either unlabelled or labelled with horseradish 
peroxidase (HRP)) was added and incubated for a further 1 
h at 37°C. Plates were washed, incubated with HRP-labelled 

Table 1. Conditions used in ELISA assays.

Assay Capture antibody Detection antibody Standard Working range (ng/ml) Sample dilution

Components
C1q Monoclonal anti-C1q (9H10) Rabbit anti-C1q C1q 16–1000 1 in 16 000
FB Monoclonal anti-FB (JC1) Monoclonal anti-FB (MBI5) FB 16–1000 1 in 2000
FD Rabbit anti-FD monoclonal anti-FD (D10/4; 

Hycult)-HRP
FD 1–1000 1 in 10

C5 Monoclonal anti-C5 (4G2) Rabbit anti-C5 C5 4–500 1 in 2000
Regulators
FH Monoclonal anti-FH (OX24) Monoclonal anti-FH (35H9) FH 16–1000 1 in 4000
FHR125 Monoclonal anti-FHR125 

(MBI125)
Monoclonal anti-FH (35H9) FHR125 4–250 1 in 4000

FHR4 Monoclonal anti-FHR4 (4E9) Monoclonal anti-FHR4  
(clone 150)-HRP

FHR4 16–1000 1 in 20

FI Monoclonal anti-FI (7B5) Rabbit anti-FI FI 32–2000 1 in 200
C1inh Monoclonal anti-C1inh Rabbit anti-C1inh C1 inh 2–100 1 in 6000
Properdin Monoclonal anti-properdin 

(clone 1.1.1)
Monoclonal anti-properdin 

(clone 12.14.2)-HRP
Properdin 

(CompTech)
78–5000 1 in 200

Clusterin Monoclonal anti-clusterin 
(2D5)

Monoclonal anti-clusterin (4E7) Clusterin 32–2000 1 in 500

Activation products
iC3b Monoclonal anti-iC3b (Clone 

9; Hycult)
Monoclonal anti-iC3b (bH6; 

Hycult)-HRP
iC3b 

(CompTech)
16–1000 1 in 300

TCC Monoclonal anti-TCC (aE11; 
Hycult)

Monoclonal anti-C8 (E2)-biotin TCC 10–5000 1 in 40

All antibodies and standard proteins were prepared in house unless otherwise stated. Commercial sources were Hycult (Hycult Biotech; https://www.
hycultbiotech.com/) or CompTech (Complement Technology, Inc.; https://www.complementtech.com/). Anti-properdin mAb clone 1.1.1. and clone 12.14.2 
were gifted by Prof Santiago Rodriguez de Cordoba, CISC, Madrid. Antibodies shown to be conjugated to HRP or biotin were labelled in-house using 
commercial kits (Thermo Fisher, UK).
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anti-IgG where required, washed again, and developed using 
o-phenylenediamine dihydrochloride (OPD, SIGMAFAST™, 
Sigma–Aldrich). Reactions were stopped with 5% sulphuric 
acid and absorbances were read at 492 nm. Standards were 
included on each plate and samples were blinded to eliminate 
operator bias. Standard curves were fitted using a nonlinear 
regression model and concentrations in samples were auto-
matically calculated in reference to the curve using GraphPad 
Prism. Assays were evaluated for sensitivity, reproducibility, 
and intra- and inter-assay coefficients of variation (CV) in 
10 healthy control plasma samples. The intra-assay CV was 
less than 10% and the inter-assay CV (n = 3) was between 
1% and 14% in the different assays. Linearity experiments 
were performed for each assay to determine a suitable dilu-
tion factor for plasma samples, chosen as the dilution falling 
within the linear portion of the log standard curve for all 
controls.

Statistics
Distribution of datasets was tested for normality using 
Shapiro–Wilks test. Skewed data were log-transformed prior 
to applying parametric tests. The significance of differences 
in the mean values of datasets between the two ethnic groups 
was tested using an independent samples t-test or analysis 
of covariance (ANCOVA) when controlling for confounders 
(e.g. age) was required. Relationships between variables 
of interest were assessed using Pearson’s correlations test. 
Because these analyses required conducting multiple com-
parisons, Bonferroni-adjusted significance levels of 0.003 (for 
comparison of means) and 0.01 (for correlation) were applied 
to account for the increased possibility of a type-I error. Data 
are presented as mean with SD, or geometric mean (95% CIs) 
for log-transformed variables. Statistical analyses were con-
ducted using SPSS 26.0; P-values < 0.05 were considered stat-
istically significant.

Results
Participant characteristics
The study included 88 BA and 97 WE men. The clinical char-
acteristics of the two ethnic groups are presented in Table 2; 
allowing for multiple comparisons, the BA men had signifi-
cantly lower waist circumference than the WE men but there 
were no ethnic differences in weight, BMI, or insulin resist-
ance (HOMA2-IR). The BA men exhibited significantly lower 
levels of total cholesterol and triglycerides than the WE men.

Ethnic differences in complement components
The unadjusted means for the complement markers in the BA 
(C3, C4 n = 88; others n = 85) and WE (C3, C4 n = 97; others 
n = 81) men are shown in Table 3 and Fig. 1. Significance of 
differences between groups for each biomarker is shown un-
corrected and corrected for age differences between the ethnic 
groups; the Bonferroni-adjusted P-value of 0.003 was used to 
indicate significance. After adjustment for age, the abundant 
complement component C4, the regulator clusterin, and the 
activation marker iC3b were significantly higher in BA versus 
WE men. TCC, the other activation marker measured, was 
also increased in BA men, although the difference was not 
significant.

Associations between complement components 
and metabolic health
Associations between complement biomarkers and markers 
of metabolic health are shown in Table 4; the Bonferroni-
adjusted P-value of 0.010 was used to indicate significance. 
In both the WE and BA groups, complement C3 showed 
significant positive associations with BMI, HOMA2-IR, 
and HbA1c. C4 was significantly positively associated with 
waist circumference, BMI, and HOMA2-IR only in the WE 
men. In the BA men, C4 was positively associated with 

Table 2. Clinical characteristics of Black African and White European men

Black African
(n = 88)

White European
(n = 97)

P

Age, years 41.3 (38.3, 44.5) 48.1 (44.7, 51.7) 0.018
Weight, kg 88.2 (85.0, 91.5) 91.9 (88.2, 95.7) 0.316
BMI, kg/m2 29.1 ± 4.0 29.3 ± 5.2 0.793
Waist circumference, cm 97.4 ± 12.4 103.6 ± 15.0 0.003
Systolic blood pressure, mmHg 130 ± 13 126 ± 12 0.042
Diastolic blood pressure, mmHg 79 ± 11 76 ± 10 0.037
Total cholesterol, mmol/l 4.25 ± 0.88 4.76 ± 0.85 <0.001
LDL-cholesterol, mmol/l 2.57 ± 0.71 2.85 ± 0.75 0.011
HDL-cholesterol, mmol/l 1.20 (1.13, 1.27) 1.20 (1.14, 1.26) 0.572
Triglycerides, mmol/l 0.99 ± 0.55 1.30 (1.17, 1.44) <0.001
Fasting glucose, mmol/l 5.6 (5.4, 5.8) 5.8 (5.6, 6.1) 0.403
HOMA2-IR 1.31 (1.14, 1.51)a 1.50 (1.25, 1.80)b 0.238
HbA1c, mmol/mol 41.7 (40.2, 43.3) 40.2 (38.7, 41.8) 0.017

Data presented as mean ± SD, or geometric mean (95% CIs) for variables that required log-transformation prior to testing.
aData available for n = 52.
bn = 55.
Differences between the two ethnic groups were determined using independent samples t-tests. Non-parametric variables were log-transformed before 
normal tests were carried out on them. Significant differences are highlighted in bold.
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HbA1c. Clusterin was significantly negatively associated 
with waist circumference in WE but not BA men, and pro-
perdin was negatively associated with HbA1c in the WE 
group only. The activation marker iC3b was not signifi-
cantly associated with any markers of metabolic health in 
either ethnic group.

Discussion
Increased complement activation is well described in meta-
bolic disorders such as obesity and T2D, which are dispro-
portionately prevalent in people of BA ethnicity. However, to 
date, ethnic differences in complement system proteins and 
propensity to activate have not been explored. We tested 
whether there were ethnic differences in the complement 
system between men of BA and WE ethnicity that might im-
pact the risk of disordered metabolic health. We analysed 
plasma samples from highly phenotyped BA and WE men 
collected as part of the Soul-Deep study of ethnic differences 
in the pathophysiology of T2D [23]. Fifteen complement bio-
markers were measured, compared between the ethnic groups 
and correlated with metabolic health parameters. We found 
significantly higher expression of the complement compo-
nents C3 and C4, regulators clusterin, and properdin and 
the activation marker iC3b, and lower expression of FD, in 
BA compared to WE men. C3 and C4 are the most abun-
dant complement proteins and the only ones routinely meas-
ured, usually for monitoring disease activity in lupus or other 
autoimmune diseases. Increased C3 and C4 may confer a 
higher capacity for complement activation in the BA group, 
although this is unlikely to be responsible for complement 
dysregulation evidenced by increased levels of the activation 
marker iC3b in this group. Properdin is a positive regulator 

of the complement amplification loop; higher properdin levels 
in BA men further support a predilection for activation. FD 
is an essential enzyme of the amplification loop with known 
roles in lipid metabolism; uniquely among complement pro-
teins FD is primarily synthesized in adipose tissue [14–16]. 
Obesity and the associated increased adipose tissue mass is 
associated with elevated FD [25, 26]; lower levels of FD in BA 
men may thus be related to lower adipose tissue mass in this 
group. Clusterin is a multifunctional protein with guises that 
include chaperone, lipoprotein (ApoJ), and negative regulator 
of the terminal complement pathway [27]; higher levels of 
clusterin in BA males predict tighter control of the terminal 
pathway, a prediction supported by finding no difference in 
TCC between groups.

An impact of obesity or other metabolic conditions on 
complement levels has been reported. In the large CODAM 
study, adiposity and BMI were positively associated with 
plasma levels of C3, FD, properdin, and the activation marker 
C3a [28]. Plasma clusterin was increased in overweight and 
obese individuals, correlated with BMI, and was suggested as 
a surrogate obesity marker [29]; properdin levels and indica-
tors of complement activation were increased in donors with 
a family history of T2D and suggested as markers of future 
risk [30, 31]. Obesity and other metabolic health issues and 
BA ethnicity are thus impacting complement homeostasis in 
similar ways. In our study, BMI was not different between 
the ethnic groups, though the WE group was older, and had 
greater waist circumference and higher cholesterol and tri-
glycerides, while the BA group had higher plasma HbA1c. 
These small and inconsistent differences between the groups 
are unlikely to be responsible for the observed differences in 
complement biomarkers between the ethnic groups. Indeed, 
BA men in the UK have similar prevalence rates of obesity 

Table 3. Complement marker levels of Black African and White European men

Black African White European P P

n N Unadjusted Adjusted for age

Components
C1q µg/ml 85 98.5 (93.7, 103.6) 81 96.2 (90.6, 102.2) 0.551 0.791
C4 µg/ml 88 257.0 ± 74.0 97 229.0 ± 57.0 0.005 <0.001
C3 µg/ml 88 1160 ± 190.0 97 1120 ± 200.0 0.268 0.030
FB µg/ml 85 113.8 (105.4, 122.9) 81 105.8 (96.7, 115.8) 0.240 0.215
FD µg/ml 85 1.60 ± 0.94 81 1.95 ± 1.12 0.031 0.017
C5 µg/ml 85 82.3 (77.6, 87.4) 81 85.3 (79.3, 91.8) 0.473 0.838
Activation products
iC3b µg/ml 85 4.51 (3.60, 5.66) 81 2.19 (1.77, 2.71) <0.001 <0.001
TCC µg/ml 85 13.97 (12.55, 15.54) 81 12.31 (11.13, 13.63) 0.109 0.238
Regulators
C1inh µg/ml 85 167.1 (159.9, 174.5) 81 171.3 (163.8, 179.2) 0.422 0.399
FH µg/ml 85 222.4 (205.1, 241.3) 81 243.4 (226.3, 261.9) 0.103 0.185
FHR125 µg/ml 85 49.4 (39.9, 61.1) 81 64.8 (50.1, 83.8) 0.123 0.190
FHR4 µg/ml 85 4.85 (4.52, 5.20) 81 4.80 (4.41, 5.22) 0.841 0.840
FI µg/ml 85 43.1 ± 10.7 81 42.1 ± 14.0 0.603 0.124
Properdin µg/ml 85 7.58 (7.23, 7.94) 81 7.04 (6.74, 7.36) 0.029 0.031
Clusterin µg/ml 85 203.1 (197.3, 209.0) 81 167.9 (162.0, 174.0) <0.001 <0.001

Data presented as mean ± SD, or geometric mean (95% CIs) for transformed variables. Differences between the two ethnic groups were determined using 
independent samples t-tests or analysis of covariance (ANCOVA) when controlling for confounders. Non-parametric variables were log-transformed before 
normal tests were carried out on them. P1 unadjusted comparison of means; P2 age-adjusted comparison of means. Significant differences are highlighted in 
bold.
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to WE men yet are disproportionately affected by T2D and 
other metabolic disorders [18].

There has been a wealth of research in recent years 
investigating the potential role of complement dysregulation 
in COVID-19 [7-10]. However, none have compared levels of 
complement biomarkers in COVID-19 patients from different 
ethnic groups, despite unequivocal evidence that people from 
minority ethnic backgrounds experience greater COVID-19 
severity and poorer outcomes. The demonstration that, com-
pared to WA men, BA men have elevated levels of multiple 
complement biomarkers compatible with a more activating 
phenotype, provokes us to suggest that increased propensity 
for dysregulated complement activation may contribute to in-
creased COVID-19 disease severity in BA men. Interestingly, 
genetic studies in populations of BA descent have shown a 
high prevalence of gene variants in critical complement regu-
lators that are associated with increased complement activa-
tion and a higher risk of thrombotic microangiopathy and 
multi-organ injury, both of which are common complications 

in severe COVID-19 [32]. If dysregulated complement activa-
tion were born out as a driver of COVID-19 severity in BA 
men, anti-complement therapies may prove to be particularly 
effective in reducing the severity of COVID-19 in BA patients, 
particularly in those with underlying health conditions [28].

Our study has several strengths and limitations to ac-
knowledge. To our knowledge, this is the first investigation 
of ethnic differences in complement system components and 
activation products between a BA and WE population. The 
ethnic groups were well matched for BMI which minimizes 
the risk of confounding. However, the study included only 
men, which may limit the generalizability of our findings, 
and our cohort was restricted to those with a BMI between 
20 and 40 kg/m2, preventing us from exploring the implica-
tions for ethnic differences in complement of more extreme 
levels of adiposity. Another limitation is our lack of genetic 
data in this cohort, which limits our ability to understand 
the role of genetics in driving the complement differences we 
have observed.

Figure 1. Comparison of complement biomarker levels between White European (WE) and Black African (BA) males. Fifteen complement biomarkers 
were measured. C3 and C4 were measured by nephelometry in 97 WE and 88 BA samples. The other 13 biomarkers were measured by ELISA in 81 
WE and 85 BA samples. Significance of differences between the groups of the unadjusted means are indicated
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In conclusion, men of BA ethnicity exhibit increased ex-
pression of complement components and activation products 
compared to WE men, beyond that explained by adiposity. A 
propensity for complement over-activation may contribute to 
the greater risk of metabolic disorders in populations of BA 
ethnicity.
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Table 4. Associations between complement markers and metabolic health

Black African White European

r p r P

C3 (BA n = 88; WE n = 97)
Age* 0.403 <0.001 0.361 <0.001
BMI 0.571 <0.001 0.625 <0.001
Waist 0.585 <0.001 0.660 <0.001
HOMA2-IR*a 0.561 <0.001 0.630 <0.001
HbA1c* 0.516 <0.001 0.350 <0.001
C4 (BA n = 88; WE n = 97)
Age* 0.362 0.001 0.332 0.001
BMI 0.195 0.068 0.303 <0.001
Waist 0.234 0.029 0.382 <0.001
HOMA2-IR*a 0.200 0.156 0.339 0.011
HbA1c* 0.462 <0.001 0.240 0.018
iC3b* (BA n = 85; WE n = 81)
Age* –0.145 0.184 0.107 0.343
BMI –0.028 0.800 0.138 0.219
Waist –0.068 0.537 0.197 0.081
HOMA2-IR*a 0.149 0.297 0.130 0.352
HbA1c* –0.108 0.326 –0.173 0.124
Clusterin* (BA n = 85; WE n = 81)
Age* –0.008 0.943 –0.003 0.976
BMI –0.046 0.673 –0.264 0.017
Waist –0.062 0.572 –0.290 0.009
HOMA2-IR*a 0.112 0.433 –0.240 0.083
HbA1c* 0.072 0.510 –0.190 0.090
Properdin* (BA n = 85; WE n = 81)
Age* 0.187 0.087 –0.110 0.328
BMI 0.231 0.033 0.056 0.620
Waist 0.124 0.261 –0.028 0.803
HOMA2-IR*a 0.059 0.682 –0.149 0.288
HbA1c* -0.039 0.722 –0.389 <0.001
FD (BA n = 85; WE n = 81)
Age* –0.169 0.123 –0.034 0.762
BMI 0.011 0.917 0.145 0.199
Waist 0.013 0.909 0.126 0.270
HOMA2-IR*a 0.128 0.370 0.113 0.419
HbA1c* –0.240 0.027 –0.227 0.043

Correlation coefficients determined using Pearson’s correlation.
*Data were log-transformed before analysis to achieve a normal distribution.
aData available for BA n = 52 and WE n = 55.
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Data availability
Data are available upon request from the corresponding au-
thor.

Patient consent statement
Patient consent for the underpinning Soul-Deep study was 
obtained as stated in text.

Permission to reproduce material from other 
sources
Not applicable to this submission.

Clinical trial registration
Not applicable to this submission.

References
1. Morgan BP. Physiology and pathophysiology of complement: 

progress and trends. Crit Rev Clin Lab Sci 1995, 32, 265–98. 
doi:10.3109/10408369509084686.

2. Morgan BP, Harris CL. Complement, a target for therapy in inflam-
matory and degenerative diseases. Nat Rev Drug Discov 2015, 14, 
857–77. doi:10.1038/nrd4657.

3. Conway EM. Complement-coagulation connections. 
Blood Coagul Fibrinolysis 2018, 29, 243–51. doi:10.1097/
MBC.0000000000000720.

4. Presumey J, Bialas AR, Carroll MC. Complement system in neural 
synapse elimination in development and disease. Adv Immunol 
2017, 135, 53–79. doi:10.1016/bs.ai.2017.06.004.

5. Chaturvedi S, Braunstein EM, Brodsky RA. Antiphospholipid syn-
drome: complement activation, complement gene mutations, and 
therapeutic implications. J Thromb Haemost 2021, 19, 607–16. 
doi:10.1111/jth.15082.

6. Phieler J, Garcia-Martin R, Lambris JD, Chavakis T. The role 
of the complement system in metabolic organs and meta-
bolic diseases. Semin Immunol 2013, 25, 47–53. doi:10.1016/j.
smim.2013.04.003.

7. Ali YM, Ferrari M, Lynch NJ, Yaseen S, Dudler T, Gragerov S, 
et al. Lectin pathway mediates complement activation by SARS-
CoV-2 proteins. Front Immunol 2021, 12, 714511. doi:10.3389/
fimmu.2021.714511.

8. Satyam A, Tsokos MG, Brook OR, Hecht JL, Moulton VR, Tsokos 
GC. Activation of classical and alternative complement pathways 
in the pathogenesis of lung injury in COVID-19. Clin Immunol 
2021, 226, 108716. doi:10.1016/j.clim.2021.108716.

9. Defendi F, Leroy C, Epaulard O, Clavarino G, Vilotitch A, Le 
Marechal M, et al. Complement alternative and mannose-
binding lectin pathway activation is associated with COVID-
19 mortality. Front Immunol 2021, 12, 742446. doi:10.3389/
fimmu.2021.742446.

10. Chauhan AJ, Wiffen LJ, Brown TP. COVID-19: a collision of 
complement, coagulation and inflammatory pathways. J Thromb 
Haemost 2020, 18, 2110–7. doi:10.1111/jth.14981.

11. Saltiel AR, Olefsky JM. Inflammatory mechanisms linking obesity 
and metabolic disease. J Clin Invest 2017, 127, 1–4. doi:10.1172/
JCI92035.

12. Kawai T, Autieri MV, Scalia R. Adipose tissue inflammation and 
metabolic dysfunction in obesity. Am J Physiol Cell Physiol 2021, 
320, C375–91.

13. Moreno-Navarrete JM, Fernandez-Real JM. The complement 
system is dysfunctional in metabolic disease: evidences in plasma and 
adipose tissue from obese and insulin resistant subjects. Semin Cell 
Dev Biol 2019, 85, 164–72. doi:10.1016/j.semcdb.2017.10.025.

14. Gomez-Banoy N, Guseh JS, Li G, Rubio-Navarro A, Chen T, 
Poirier BA, et al. Adipsin preserves beta cells in diabetic mice and 
associates with protection from type 2 diabetes in humans. Nat 
Med 2019, 25, 1739–47. doi:10.1038/s41591-019-0610-4.

15. Saleh J, Al-Maqbali M, Abdel-Hadi D. Role of complement and 
complement-related adipokines in regulation of energy metabolism 
and fat storage. Compr Physiol 2019, 9, 1411–29. doi:10.1002/
cphy.c170037.

16. Shim K, Begum R, Yang C, Wang H. Complement activation in 
obesity, insulin resistance, and type 2 diabetes mellitus. World J 
Diabetes 2020, 11, 1–12. doi:10.4239/wjd.v11.i1.1.

17. King R, Tiede C, Simmons K, Fishwick C, Tomlinson D, Ajjan 
R. Inhibition of complement C3 and fibrinogen interaction: a 
potential novel therapeutic target to reduce cardiovascular dis-
ease in diabetes. Lancet 2015, 385, S57. doi:10.1016/S0140-
6736(15)60372-5.

18. Becker, E., et al., Health Survey for England 2004. The health of 
minority ethnic groups. In Sproston K and Mindell J (eds), Joint 
Health Surveys Unit, National Centre for Social Research, Depart-
ment of Epidemiology and Public Health at the Royal Free and 
University College Medical School, 2006, London.

19. Golden SH, Brown A, Cauley JA, Chin MH, Gary-Webb TL, Kim 
C, et al. Health disparities in endocrine disorders: biological, clin-
ical, and nonclinical factors—an Endocrine Society scientific state-
ment. J Clin Endocrinol Metab 2012, 97, E1579–639. doi:10.1210/
jc.2012-2043.

20. Abdullah A, Peeters A, de Courten M, Stoelwinder J. The magnitude 
of association between overweight and obesity and the risk of dia-
betes: a meta-analysis of prospective cohort studies. Diabetes Res 
Clin Pract 2010, 89, 309–19. doi:10.1016/j.diabres.2010.04.012.

21. Paul SK, Owusu Adjah ES, Samanta M, Patel K, Bellary S, Hanif 
W, et al. Comparison of body mass index at diagnosis of diabetes 
in a multi-ethnic population: A case-control study with matched 
non-diabetic controls. Diabetes Obes Metab 2017, 19, 1014–23. 
doi:10.1111/dom.12915.

22. Monteiro R, Azevedo I. Chronic inflammation in obesity and 
the metabolic syndrome. Mediators Inflamm 2010, 2010, 1–10. 
doi:10.1155/2010/289645.

23. Mohandas C, Bonadonna R, Shojee-Moradie F, Jackson N, Boselli 
L, Alberti KGMM, et al. Ethnic differences in insulin secretory 
function between black African and white European men with 
early type 2 diabetes. Diabetes Obes Metab 2018, 20, 1678–87. 
doi:10.1111/dom.13283.

24. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: insulin resistance and beta-
cell function from fasting plasma glucose and insulin concentrations in 
man. Diabetologia 1985, 28, 412–9. doi:10.1007/BF00280883.

25. Derosa G, Fogari E, D'Angelo A, Bianchi L, Bonaventura A, Ro-
mano D, et al. Adipocytokine levels in obese and non-obese 
subjects: an observational study. Inflammation 2013, 36, 914–20. 
doi:10.1007/s10753-013-9620-4.

26. Maslowska M, Vu H, Phelis S, Sniderman AD, Rhode BM, Blank 
D, et al. Plasma acylation stimulating protein, adipsin and lipids 
in non-obese and obese populations. Eur J Clin Invest 1999, 29, 
679–86. doi:10.1046/j.1365-2362.1999.00514.x.

27. Bradley D. Clusterin as a potential biomarker of obesity-
related Alzheimer’s sisease risk. Biomark Insights 2020, 15, 
1177271920964108. doi:10.1177/1177271920964108.

28. Xin Y, Hertle E, van der Kallen CJH, Vogelzangs N, Arts ICW, 
Schalkwijk CG, et al. C3 and alternative pathway components 
are associated with an adverse lipoprotein subclass profile: The 
CODAM study. J Clin Lipidol 2021, 15, 311–9. doi:10.1016/j.
jacl.2021.01.011.

29. Won JC, Park C-Y, Oh SW, Lee ES, Youn B-S, Kim M-S. Plasma 
clusterin (ApoJ) levels are associated with adiposity and systemic 
inflammation. PLoS One 2014, 9, e103351. doi:10.1371/journal.
pone.0103351.

30. Somani R, Richardson VR, Standeven KF, Grant PJ, Carter AM. 
Elevated properdin and enhanced complement activation in 

D
ow

nloaded from
 https://academ

ic.oup.com
/cei/article/212/1/52/7019716 by guest on 11 April 2023

https://doi.org/10.3109/10408369509084686
https://doi.org/10.1038/nrd4657
https://doi.org/10.1097/MBC.0000000000000720
https://doi.org/10.1097/MBC.0000000000000720
https://doi.org/10.1016/bs.ai.2017.06.004
https://doi.org/10.1111/jth.15082
https://doi.org/10.1016/j.smim.2013.04.003
https://doi.org/10.1016/j.smim.2013.04.003
https://doi.org/10.3389/fimmu.2021.714511
https://doi.org/10.3389/fimmu.2021.714511
https://doi.org/10.1016/j.clim.2021.108716
https://doi.org/10.3389/fimmu.2021.742446
https://doi.org/10.3389/fimmu.2021.742446
https://doi.org/10.1111/jth.14981
https://doi.org/10.1172/JCI92035
https://doi.org/10.1172/JCI92035
https://doi.org/10.1016/j.semcdb.2017.10.025
https://doi.org/10.1038/s41591-019-0610-4
https://doi.org/10.1002/cphy.c170037
https://doi.org/10.1002/cphy.c170037
https://doi.org/10.4239/wjd.v11.i1.1
https://doi.org/10.1016/S0140-6736(15)60372-5
https://doi.org/10.1016/S0140-6736(15)60372-5
https://doi.org/10.1210/jc.2012-2043
https://doi.org/10.1210/jc.2012-2043
https://doi.org/10.1016/j.diabres.2010.04.012
https://doi.org/10.1111/dom.12915
https://doi.org/10.1155/2010/289645
https://doi.org/10.1111/dom.13283
https://doi.org/10.1007/BF00280883
https://doi.org/10.1007/s10753-013-9620-4
https://doi.org/10.1046/j.1365-2362.1999.00514.x
https://doi.org/10.1177/1177271920964108
https://doi.org/10.1016/j.jacl.2021.01.011
https://doi.org/10.1016/j.jacl.2021.01.011
https://doi.org/10.1371/journal.pone.0103351
https://doi.org/10.1371/journal.pone.0103351


60 Goff et al.

first-degree relatives of South Asian subjects with type 2 diabetes. 
Diabetes Care 2012, 35, 894–9. doi:10.2337/dc11-1483.

31. Gatineau M, Mathrani S. Ethnicity and obesity in the UK. Perspect 
Public Health 2011, 131, 159–60. doi:10.1177/17579139114 
12478.

32. Zhao J, Wu H, Khosravi M, Cui H, Qian X, Kelly JA, et al.; 
BIOLUPUS Network. Association of genetic variants in comple-
ment factor H and factor H-related genes with systemic lupus 
erythematosus susceptibility. PLoS Genet 2011, 7, e1002079. 
doi:10.1371/journal.pgen.1002079.

D
ow

nloaded from
 https://academ

ic.oup.com
/cei/article/212/1/52/7019716 by guest on 11 April 2023

https://doi.org/10.2337/dc11-1483
https://doi.org/10.1177/1757913911412478
https://doi.org/10.1177/1757913911412478
https://doi.org/10.1371/journal.pgen.1002079

