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Abstract
Objective
Systemic lupus erythematosus (SLE) has been associated with insulin resistance and beta-cell dysfunction. Apolipoprotein
C3 (ApoC3) is a component of very low-density lipoproteins. Since ApoC3 has been linked to beta-cell impairment in the
general population, in this study we aimed to discover if this lipoprotein is related to glucose homeostasis disturbance
in patients with SLE.

Methods
One hundred and forty non diabetic patients with SLE who had a glycaemia lower than 110 mg/dl were recruited.
Insulin, C-peptide, and ApoC3 were assessed. Insulin resistance and beta-cell function were calculated using the
Homeostasis Model Assessment (HOMA2) indices. A multivariable regression analysis was performed to study the
relationship of ApoC3 to those molecules and indices adjusting for classical factors associated with insulin resistance
that included glucocorticoids.

Results
In the multivariable regression analysis that included prednisone intake, a significant relation of ApoC3 to C-peptide
was found (beta coef. 0.27 [95%CI 0.03-0.51) ng/ml, p=0.030). Similarly, ApoCa3 was associated with higher degree
of beta-cell dysfunction (HOMA2-%B) although in this case statistical significance was not achieved (beta coef. 8
[95%CI-1-18], p=0.086). This relationship was not found with serum insulin levels or IR indices. Furthermore, in the
univariable analysis, but not after multivariable adjustment, the disease damage score was found to significantly
mediate the effect of ApoC3 on circulating C-peptide. and HOMA2-%B.

Conclusion
Beta-cell dysfunction and ApoC3 are linked in patients with SLE.

Key words
systemic lupus erythematosus, apolipoprotein C3, Insulin resistance, beta-cell dysfunction

Clinical and Experimental Rheumatology 2022; 40: 2032-2037.



Candelaria Martin-Gonzdlez, MD
Carmen Ferrer-Moure, MD

Juan Carlos Quevedo-Abeledo, MD
Miguel A. Gonzdlez-Gay, MD, PhD*
Ivdn Ferraz-Amaro, MD, PhD*

*These authors share senior authorship.

Please address correspondence to:
Ivdn Ferraz-Amaro,

Division of Rheumatology,

Hospital Universitario de Canarias,
38320 Santa Cruz de Tenerife, Spain.
E-mail: iferrazamaro@hotmail .com

Miguel Angel Gonzdlez-Gay,

Division of Rheumatology,

Hospital Universitario Marqués

de Valdecilla,

Universidad de Cantabria,

39008 Santander, Spain.

E-mail: miguelaggay@hotmail .com
Received on October 7, 2021; accepted
in revised form on November 15, 2021.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2022.

Funding: this work was supported by

a grant to 1. Ferraz-Amaro from the
Spanish Ministry of Health, Subdireccion
General de Evaluacion 'y Fomento de la
Investigacion, Plan Estatal de Investigacion
Cientifica y Técnica y de Innovacion
2013-2016 and by Fondo Europeo de
Desarrollo Regional - FEDER -

(Fondo de Investigaciones Sanitarias,

FIS P114/00394, P117/00083).

M A. Gonzdlez-Gay ‘s research is supported
by the Instituto de Salud Carlos 11 (ISCIII)
(Fondo de Investigacion Sanitaria grants
PI106/0024, P109/00748, P112/00060,
P115/00525, P118/00043) and the ISCIII
RETICS programme (RD12/0009 and
RD16/0012).

Competing interests: none declared.

Clinical and Experimental Rheumatology 2022

Apolipoprotein C3 and insulin resistance in SLE / C. Martin-Gonzalez et al.

Introduction

Insulin resistance (IR) is a condition in
which defects in the action of insulin
are such that normal levels of insulin
do not trigger the signal for glucose
absorption. It is accompanied by a
compensatory beta cell response of in-
creased mass and insulin secretion. The
clinical consequences of IR include hy-
perglycaemia-induced tissue damage,
hypertension, dyslipidaemia, metabolic
syndrome, and cardiovascular disease.
Both IR (1) and beta-cell dysfunction
(2) has been described in patients with
systemic lupus erythematosus (SLE)
(3). Although the exact mechanisms
involved in SLE’s IR are not well un-
derstood, the inflammation that accom-
panies the disease has been proposed as
responsible (1, 3).

Apolipoprotein C3 (ApoC3) is a pro-
tein that in humans is synthesised by
the APOC3 gene and is a component of
very low-density lipoproteins. ApoC3
has been described to play a role in the
pathogenesis of beta-cell impairment,
IR and diabetes in the general popula-
tion (4). Studies in cell models have
demonstrated that ApoC3 induces pan-
creatic beta-cell apoptosis (5). Besides,
ApoC3 increases cytokine expression
in cultured monocytes and endothelial
cells, thereby elevating monocyte ad-
hesion to endothelial cells (6). These
mechanisms may link ApoC3 to in-
flammation, pancreatic beta-cell func-
tion, and IR. This has been further sup-
ported by the fact that cross-sectional
(7, 8) and prospective cohort studies
(9) have shown that high levels of
ApoC3 were strongly associated with a
risk of diabetes.

The role of ApoC3 in the IR and be-
ta-cell dysfunction of patients with
SLE has not been explored before. In
this work, our objective was to study
whether ApoC3 is related to IR in pa-
tients with SLE. If this were the case,
ApoC3 would participate in the patho-
genic mechanisms through which SLE
leads to IR and beta-cell impairment.

Material and methods

Study participants

This was a cross-sectional study that
included 140 patients with SLE. All
SLE patients were 18 years old or old-

er, had a clinical diagnosis of SLE, and
fulfilled =4 American College of Rheu-
matology (ACR) classification criteria
for SLE (10). They were periodically
followed-up at rheumatology outpa-
tient clinics and all had been diagnosed
by rheumatologists. For the purpose
of inclusion in the present study, SLE
disease duration had to be =1 year. Pa-
tients with diabetes mellitus were ex-
cluded. Furthermore, all patients had
a glycaemia <110 mg/dl, and none of
them were on glucose-lowering drugs
or insulin therapy. SLE patients tak-
ing prednisone at an equivalent dose
<10 mg/day were allowed to partici-
pate in the study. None of the patients
had previously had pancreatitis or any
pancreatic disease. Moreover, patients
were excluded if they had a history of
myocardial infarction, angina, stroke,
a glomerular filtration rate <60 ml/
min/1.73 m?, a history of cancer, or any
other chronic disease or evidence of ac-
tive infection. The research was carried
out in accordance with the Declaration
of Helsinki. The study protocol was
approved by the Institutional Review
Committee at Hospital Universitario
de Canarias and Hospital Doctor Ne-
grin (both in Spain), and all pattients
provided informed written consent (ap-
proval no. 2015_84).

Data collection and laboratory
assessments

The patients included in the study com-
pleted a questionnaire on medication
use and CV risk factors and underwent
a physical examination. Weight, height,
body-mass index, abdominal circum-
ference, and systolic and diastolic blood
pressure were assessed under standard-
ised conditions. Information regarding
smoking status (current smoker versus
non-smoker) and hypertension treat-
ment was obtained from the question-
naire. Medical records were reviewed to
ascertain specific diagnoses and medi-
cations. SLE disease activity and dam-
age were assessed using the Systemic
Lupus Erythematosus Disease Activity
Index -2000 (SLEDAI-2K) (11) and the
SLICC/ACR Damage Index (SDI) (12),
respectively. For the propose of the pre-
sent study, the SLEDAI-2k index was
broken down into none (0 points), mild
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(1-5 points), moderate (610 points),
high (11-19), and very high activ-
ity (>20) as previously described (13).
Disease severity was measured as well,
using the Katz Index (14).

The homeostatic model assessment
(HOMA) method was performed to de-
termine IR. Briefly, the HOMA model
enabled an estimate of insulin sensitiv-
ity (%S) and B-cell function (%B) from
fasting plasma insulin, C peptide, and
glucose concentrations. In this study we
used HOMA?2, the updated-computer
HOMA model (15). This model can be
used to assess insulin sensitivity and
beta- cell function from paired fasting
plasma glucose and specific insulin,
or C peptide, concentrations across a
range of 1-2,200 pmol/l for insulin and
1-25 mmol/1 for glucose. C peptide bet-
ter estimates B-cell function since it is
a marker of secretion; and insulin data
is preferable when calculating %S since
HOMA-%S is derived from glucose
disposal as a function of insulin concen-
tration. In our study, IR and %S were
calculated using insulin serum levels.
Otherwise, %B was calculated using
C-peptide serum levels. The computer
model provided a value for insulin sen-
sitivity expressed as HOMA2-%S (in
which 100% is normal). HOMA2-IR
(insulin resistance index) is simply the
reciprocal of %S. For the detection of
ApoC3 an ELISA kit was used (Elab-
science, USA). No significant cross-re-
activity or interference between human
ApoC3 and analogues is observed with
this kit. Both intra and inter-coefficients
of variability are <10% for this assay.
Cholesterol, triglycerides, and HDL-
cholesterol were measured using the
enzymatic colorimetric assay. LDL-
cholesterol was calculated using the
Friedewald formula.

Statistical analysis

Demographic and clinical characteris-
tics in patients with SLE were described
as mean (standard deviation) or percent-
ages for categorical variables. For non-
normally distributed continuous varia-
bles, data were expressed as median and
interquartile range (IQR). ApoC3 rela-
tionships with glucose homeostasis mol-
ecules or IR indices were analysed by
multivariable linear regression analysis.
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Table I. Characteristics of patients with SLE included in the study.

(n=140)
Age, years 49 = 11
Women, n (%) 134 (96)
Body mass index, kg/m? 27+5
Abdominal circumference, cm 91 +13
Systolic blood pressure, mmHg 129 +26
Diastolic blood pressure, mmHg 84 + 60
Cardiovascular co-morbidity
Current smokers, n (%) 32 (23)
Diabetes, n (%) 0 (0)
Hypertension, n (%) 44 (31)
Obesity, n (%) 32 (23)
Statins, n (%) 30 (21)
Aspirin, n (%) 37 (26)
Antihypertensive therapy, n (%) 42 (30)
Glucose homeostasis molecules
Glucose, mg/dl 91 = 10
Insulin, pU/ml 6.2 (3.8-9.3)
C-peptide, ng/ml 26+1.6
HOMA2-IR 1.02 +0.80
HOMA2-S% 146 + 87
HOMA2-B%-C-peptide 137 £ 63
Lipid profile
Cholesterol, mg/dl 198 + 35
Triglycerides, mg/dl 118+72
HDL-cholesterol, mg/dl 62+ 18
LDL-cholesterol, mg/dl 113 £ 27
LDL:HDL-cholesterol ratio 1.96 £0.75
Non-HDL cholesterol, mg/dl 196 + 35
Apolipoprotein A1, mg/dl 175 +32
Apolipoprotein B, mg/dl 93 +£22
Apo B:Al ratio 0.55+0.16
Lipoprotein (a), mg/dl 38 (13-120)
Atherogenic index 34+1.1
Apolipoprotein C3, mg/dl 1.70 (1.19-2.58)
SLE related data
CRP, mg/dl 1.5 (0.7-34)
Disease duration, years 15+9
SLICC 1 (0-2)
SLICC =1, n (%) 98 (70)
Katz Index 2 (1-3)
SLEDAI 2 (0-5)
SLEDAI categories, n (%)
No activity, n (%) 55 (39)
Mild or Moderate, n (%) 68 (49)
High or Very High, n (%) 8 (6)
Auto-antibody profile
Anti-DNA positive, n (%) 65 (46)
ENA positive, n (%) 59 (42)
Anti-Ro, n (%) 50 (36)
Anti-La, n (%) 24 (17)
Anti-RNP, n (%) 32 (23)
Anti-Sm, n (%) 13 9)
Antiphospholipid autoantibodies, n (%)
Lupus anticoagulant, n (%) 26 (19)
ACAIgM, n (%) 14 (10)
ACAIgG,n (%) 22 (16)
Anti beta2 glycoprotein IgM, n (%) 7 (5)
Anti beta2 glycoprotein IgG, n (%) 19 (14)
C3, mg/dl 91 +25
C4, mg/dl 16 +7
Current prednisone intake, n (%) 70 (50)
DMARD:s, n (%) 111 (79)
Hydroxychloroquine, n (%) 96 (69)
Methotrexate, n (%) 16 (11)
Mycophenolate mofetil, n (%) 13 (9)
Azathioprine, n (%) 20 (14)
Rituximab, n (%) 4 (3)
Belimumab, n (%) 2(1)

Data represent mean + SD or median (interquartile range) when data were not normally distributed.

BMI: body mass index; C3 C4: complement; CRP: C reactive protein; LDL: low-density lipoprotein; DMARD:
disease-modifying anti-rheumatic drug; ACA: anticardiolipin; HDL: high-density lipoprotein; ANA: anti-
nuclear antibodies; ENA: extractible nuclear antibodies; SLEDAI: Systemic Lupus Erythematosus Disease
Activity Index. SLEDALI categories were defined as: 0, no activity; 1-5 mild; 6-10 moderate; >10 activity.
SLICC: Systemic Lupus International Collaborating Clinics/American Colleague of Rheumatology Damage
Index. HOMA2-IR: Homeostatic Assessment Model for the assessment of insulin resistance using insulin and
glucose serum levels. HOMA2-%B-C peptide: Homeostatic Assessment Model for the assessment of beta-
cell function using C peptide and glucose serum levels.
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Confounding factors were selected if
they had a p-value less than 0.20 in their
univariable relationship with ApoC3.
Mediation analysis, as described else-
where (16,17), was performed to test if
the relationship of ApoC3 to beta-cell
function was mediated by disease dam-
age (SLICC). All the analyses used a
5% two-sided significance level and
were performed using SPSS software, v.
26 (IBM, Armonk, NY, USA) and Stata
software, v. 17/SE (StataCorp, College
Station, TX, USA). p-values <0.05 were
considered statistically significant.

Results

Demographics and disease-related
data of systemic lupus erythematosus
patients

A total of 140 patients with SLE were
included in this study. Table I shows
demographic and disease-related char-
acteristics of the participants. Most of
them (96%) were women (mean age +
SD: 49+11 years). Traditional cardiovas-

cular risk factors were common. In this
sense, 23% were current smokers, 31%
had hypertension, and 23% were obese.
Moreover, 21% were taking statins, and
26% and 30% were under aspirin or an-
tihypertensive therapy, respectively.
While average glucose serum levels
were 9110 mg/dl, circulating insulin
and C-peptide values were 6.2 (IQR
3.8-9.3) pU/ml and 2.6+1.6 ng/ml,
respectively. IR and insulin sensitiv-
ity were HOMA2-IR 1.02+0.80 and
HOMA2-%S 146+87, respectively.
Beta-cell function through HOMA2-
%B index showed a value of 137+63.
Besides, the median ApoC3 was 1.70
(IQR 1.19-2.58) mg/dl. Additional data
on lipid profile molecules of SLE pa-
tients are shown in Table I.

Most SLE patients were in the no ac-
tivity (39%) or mild-moderate activity
(49%) categories as shown by the SLE-
DAI score. Disease duration was 15+9
years. SLICC and Katz indexes were
1 (IQR 0-2) and 2 (IQR 1-3), respec-

tively. Seventy percent of the patients
had a SLICC/ACR DI score equal to
or higher than 1. Half of the patients
were taking prednisone. At the time of
recruitment, 46% patients were found
to be positive for anti-DNA, and 42%
were positive for ENA, being anti-Ro
the most frequently found antibody
(36%). More than two-thirds of the pa-
tients were taking hydroxychloroquine
when the study was conducted. Other
data also included in Table I.

Relationship of ApoC3 to

glucose homeostasis molecules

and HOMA indices

ApoC3 showed a significant correla-
tion with C peptide and HOMA2-%B
in SLE patients with and without glu-
cocorticoids (Fig. 1). However, this re-
lationship was not found with other hy-
drocarbon metabolism molecules such
as glucose and insulin, nor with the
HOMAZ2-IR and HOMA2-%S indices
(Table II).

Table II. Correlation and multivariable regression analysis of the relation of ApoC3 to glucose homeostasis molecules and HOMA indices.

ApoC3, mg/dl

ApoC3, Beta coef. (95%CI), p

Not on GC On GC
Rho P Rho p Unadjusted Adjusted
Glucose, mg/dl -0.041 0.74 0.093 0.46 0.23 (-1.29-1.75) 0.77 0.20 (-1.42-1.83) 0.81
Insulin, #U/ml 0.194 0.12 0.176 0.16 0.55 (-0.42-1.53) 0.26 -0.07 (-1.12-0.98) 0.90
C-peptide, ng/ml 0.346 0.004 0.369 0.002 0.48 (0.25-0.71) 0.000 0.27 (0.03-0.51) 0.030
HOMA2-IR 0.186 0.13 0.175 0.16 0.07 (-0.05-0.20) 0.24 -0.01 (-0.14-0.13) 0.94
HOMA2-S% -0.186 0.13 -0.175 0.16 -15 (-28--2) 0.027 -6 (-20-8) 0.39
HOMA2-B%-C-peptide ~ 0.325 0.007 0.269 0.028 17 (7-26) 0.001 8 (-1-18) 0.086

ApoC3 is considered the independent variable. GC: Glucocorticoids. Rho: Spearman’s rho correlation coefficient.

Multivariable regression analysis is adjusted for age, body mass index, systolic blood pressure and statins and prednisone intake.
HOMAZ2-IR: Homeostatic Assessment Model for the assessment of insulin resistance using insulin and glucose serum levels.
HOMA2-%B-C peptide: Homeostatic Assessment Model for the assessment of beta-cell function using C peptide and glucose serum levels.

Significant p-values are depicted in bold.
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Table III. Mediation analysis of the relationship of ApoC3 to beta-cell dysfunction medi-

ated by SLICC.

Beta coef. (95%C1), p

C-peptide serum levels

Univariable Multivariable

ApoC3
Direct effect 0.36 (0.13-0.58) 0.011 0.24 (0.00-0.48) 0.053
Indirect effect 0.12 (0.04-0.21) 0.002 0.03 (-0.03-0.10) 0.31
Total effect 0.48 (0.25-0.71) 0.000 0.27 (0.03-0.51) 0.030

HOMA2-%B

ApoC3
Direct effect 11 (2-20) 0.010 7 (-2-16) 0.14
Indirect effect 5 (1-9) 0.017 1 (-1-4) 0.31
Total effect 17 (7-26) 0.001 8 (-1-18) 0.086

Apoc3 is the independent variable in this analysis. Mediation variable is SLICC score.

ApoC3: Apolipoprotein C3. Multivariable regression analysis is adjusted for age, body mass index,
systolic blood pressure and statins and prednisone intake. HOMA2%B-C peptide: Homeostatic Assess-
ment Model for the assessment of beta cell function using C peptide and glucose serum levels.

Significant p-values are depicted in bold.

In the linear univariable regression
analysis and assuming ApoC3 as the
independent variable, ApoC3 was
significantly related to C-peptide se-
rum levels (beta coef. 0.48 [95%CI
0.25-0.71] ng/ml, p=0.000), and to
HOMA2-%S (beta coef. -15 [95%CI
-28 — -2), p=0.027) and HOMA2-%B
(beta coef. 17 [95%CI 7-26] p=0.001)
indices (Table II). When these rela-
tions were adjusted for confounders
(age, body mass index, systolic blood
pressure, and prednisone and statins
intake), although the associations be-
tween ApoC3 and HOMAZ2-%S and
HOMA2-%B were lost, the relation of
ApoC3 to C-peptide was maintained
(beta coef. 0.27 [95%CI 0.03-0.51)
ng/ml, p=0.030) (Table II).

Mediation of SLICC in the

relationship of ApoC3 to C-peptide

and beta-cell function

Table III represents the analysis of the
mediation of SLICC in the association
between ApoC3 and beta-cell disrup-
tion. In this sense, indirect effects, that
accounts for the amount of mediation,
were significant in the univariable
analysis. It was the case for SLICC
that significantly mediated the effect
of ApoC3 on circulating C-peptide and
HOMA2-%B. However, when the me-
diation analysis was further adjusted
for confounding factors, the signifi-
cance of the mediation was lost, with
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only the total effect being significant
(Table III).

SLEDALI score or hydroxychloroquine
intake were not associated with ApoC3
or beta-cell function (data not shown).
For this reason, the analysis of the me-
diation of disease activity in the rela-
tion of ApoC3 to beta-cell dysfunction
did not apply.

Discussion

ApoC3 has been proposed in general
population as an important diabeto-
genic factor involved in the impair-
ment of beta-cell function. This is sup-
ported by the fact that ApoC3 increases
in diabetes and that in vitro studies re-
vealed that healthy beta cells exposed
to ApoC3 became apoptotic and that
humans with higher levels of the apoli-
poprotein, due to mutations in the gene,
are more susceptible to developing dia-
betes (18). According to our results,
ApoC3 is related to the malfunction of
beta-cell that is present in patients with
SLE. According to our results, ApoC3
is associated with the dysfunction of
beta cells that is present in patients
with SLE. We therefore propose that
the dysregulation of glucose homeosta-
sis in patients with SLE may be related,
to some extent, to ApoC3.

ApoC3 expression in SLE patients has
only been preliminarily studied. With
respect this, ApoC3 levels in lupus
nephritis patients were significantly

elevated compared to controls or non-
renal SLE patients in a study of 17
healthy subjects and 33 patients (19).
In another report that evaluated the
association of ApoC3 with subclini-
cal atherosclerosis in 58 patients with
SLE, no cardioprotective or atherogen-
ic effect of ApoC3 was found (20).
Unlike the studies described above, our
study addressed for the first time the
role of ApoC3 in the development of IR
in patients with SLE. We observed that
ApoC3 is related to serum levels of C-
peptide but not to circulating insulin or
IR indices in patients with SLE. With
respect to this, it is known that the ini-
tial phase of glucose homeostasis dis-
ruption is characterised by peripheral
tissue insulin resistance with a beta-cell
compensatory response of increasing
mass and insulin secretion. However,
after prolonged hyperinsulinaemia, beta
cells begin to fail, causing defects in in-
sulin secretion and eventually increased
beta cell apoptosis. Therefore, IR and
beta cell dysfunction, although related,
are not equivalent disease states. For
this reason, we believe that it is feasi-
ble to find a relationship of ApoC3 with
beta cell function, but not with IR.

In our study, a statistically significant
mediation of SLICC was found in the
univariate analysis. That is, SLICC ap-
pears to mediate the effect of ApoC3
on both serum C-peptide and HOMA2-
% B levels. However, after multivari-
able adjustment, the significance of this
mediation was lost. Regarding this, we
believe that the fact that there is a sig-
nificant mediation in the univariable
analysis may indicate that there is an
effect of ApoC3 on the function of beta
cells, although it can be masked by oth-
er factors related to the disorder of the
metabolism of the glucose.

We acknowledge the limitation that pa-
tients recruited in our study had a long-
standing disease and that organ damage
was frequent in our series. For this rea-
son, we believe that our findings will
have to be replicated in the future in
SLE patients with a different clinical
profile.

In conclusion, our results highlight for
the first time the involvement of ApoC3
in the beta cell dysfunction observed in
patients with SLE.

Clinical and Experimental Rheumatology 2022
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