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Abstract

Purpose: Serum immunoglobulins (Igs) play a critical role in modulating the immune response by neutralizing
pathogens, although little is known about the effect of Igs in development of atherosclerotic cardiovascular disease
(ASCVD). Elevated serum Immunoglobulin A (IgA) concentrations have been identified in previous studies in populations
with obesity and hypertriglyceridemia, whereas variable concentrations of Immunoglobulin M (IgM) have been observed in
the setting of dyslipidemia.

Methods: In this cross-sectional study, investigators examined the association of serum Ig concentrations with components
of metabolic syndrome, including obesity, diabetes, and dyslipidemia. All consecutive adult patients aged 18 years or older
discharged from two academic teaching hospitals with serum Immunoglobulin G (IgG) concentration measured during their
admission were evaluated, with a total of 1809 individuals included and stratified into two groups: those with and those
without dyslipidemia.

Results: Mean IgG concentration in individuals with and without dyslipidemia was 997 + 485 mg/dL and 1144 + 677 mg/dL,
respectively (P < 0.0001). After controlling for confounders in the generalized linear model (GLM), the least square mean IgG
concentration in individuals with and without dyslipidemia was 1095 and 1239 mg/dL, respectively (P < 0.0001). The mean
IgA and IgM concentrations were not significantly different in individuals with and without dyslipidemia both before and
after adjusting covariates. After controlling for confounding variables, all three serum Ig concentrations were not
significantly different in individuals with and without diabetes.

Conclusion: Dyslipidemia was associated with a lower mean serum IgG concentration. No association with any serum
Ilg was indentified in individuals with diabetes. Exploration of the association between alterations in serum Igs and
metabolic syndrome and the role of alterations of Ig concentrations in disease progression represents an important
step in identification of appropriate targeted treatment options for reducing cardiovascular risk.
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Background

Cardiovascular disease (CVD) is the leading cause of death
in the United States (US) and other Western countries [1].
Of every 10,000 all-cause deaths in the US, 23 are due to
CVD each year. Although the CVD morality rate has de-
clined in the past two decades due to advanced treatment
options and improved disease awareness, the mortality
and morbidity burden of CVD remains high. Based on the
CVD mortality rate in 2013, more than 2000 Americans
die each day due to CVD, and 35% of them have not yet
reached the age of 75 [2, 3]. Understanding the patho-
physiology, identification of risk factors, and potential
treatment targets are essential to further reducing the con-
sequences of disease; these areas have become a key focus
for researchers and clinicians alike. Atherosclerotic cardio-
vascular disease (ASCVD) risk is associated with a variety
of factors, with serum cholesterol representing an import-
ant modifiable risk [4]. Despite the development of choles-
terol lowering therapies, a subset of patients with residual
risk exist [5]. Identification of physiological factors associ-
ated with dyslipidemia may facilitate discovery of therapies
with novel mechanisms of action and aid in the selection
of optimal treatment as emerging pharmacologic treat-
ment options become available.

Serum immunoglobulins (Igs) play a critical role in im-
mune response by binding to presumed pathogens, in-
cluding pathogenic bacteria and viruses, and leading to
their neutralization [6]. Little is known about the role of
Igs in metabolic physiology and whether these proteins
provide protection against or contribute to ASCVD risk.
A previous study designed to evaluate the association be-
tween serum concentrations of certain Igs and metabolic
abnormalities demonstrated serum immunoglobulin A
(IgA) concentrations to be significantly higher in subjects
with abdominal obesity and hypertriglyceridemia. Besides
IgA, the serum concentration of immunoglobulin M
(IgM) was also found to be significantly lower in subjects
with dyslipidemia [7]. Contrary to the aforementioned
findings, another study reported a positive association
with serum IgM concentration and elevated triglycerides
and reduced high-density lipoprotein cholesterol (HDL-C)
ratio in male patients [8]. Exploration of the association
between Igs and metabolic syndrome and its particular
role in the disease progression is an important step in fur-
ther investigation. This study aims to describe the alter-
ation of serum Ig concentrations in subjects with and
without components of metabolic syndrome, including
obesity, diabetes (DM), and dyslipidemia.

Methods

Data source

This cross-sectional study utilized data extracted from
the electronic medical record and discharge database
at two academic teaching hospitals. All consecutive
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adult patients (aged 18 years or older) discharged from
January 1, 2009 to January 1, 2016 with a serum im-
munoglobulin G (IgG) concentration measured during
the specified time frame were eligible for inclusion in
the study. As a restrospective study using electronic
helath record data, we had no control over the Ig as-
says utilized. Patients were excluded from the analytic
dataset if they were pregnant, had a history of
hematologic malignancy, or an autoimmune condition.
All comorbidities were identified using International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM).

Statistical analysis

Statistical analyses were performed using SAS 9.4 (Cary,
NC). Demographic and clinical characteristics, including
Ig concentrations, were compared in patients with and
without dyslipidemia, DM, or obesity, respectively. Deyo
Charlson Comorbidity Index (DCI) score was calculated
for each subject using ICD-9-CM codes applied to each
patient. A continuous variable was created for DCI. Chi-
square tests were used for categorical variables and ana-
lysis of variance tests were used for continuous variables
to determine statistical association at a significance level
of 0.05. To understand the association between each Ig
concentration and metabolic syndrome, a generalized
linear regression model (GLM) using the PROC GLM
procedure in SAS was built to adjust for covariates. The
Ig concentration was treated as a continuous dependent
variable in the model. The primary covariates of interest
were metabolic conditions (dyslipidemia, DM, and obes-
ity). When testing for one metabolic condition, an inter-
action term was created for the other two metabolic
conditions in the model. All demographic and clinical
variables with a P-value less than 0.2 in the bivariate
analysis were considered for inclusion in the final GLM.
This conservative entry criterion allows more covariates
to be considered. This technique facilitated selection of
confounders to test further in the GLM and is com-
monly used to adjust for relevant covariates [9-12].
While a p< 0.2 in the bivariate was used to identify co-
variates for further testing, only variables with a p < 0.05
were included in the final GLM models. DCI was also
tested as a confounder in the GLM and as a sensitivity
analysis, individual components (comorbidities) of the
DCI score were tested as confounders in the GLM
model (see Additional file 1: Tables S1 and S2). The least
square means was calculated for each Ig using the best
fitting GLM model after adjusting for confounding vari-
ables as described above.

Results
A total of 1809 individuals met study selection criteria.
Demographic and clinical characteristics of this
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Table 1 Comparison of demographic and clinical characteristics stratified by dyslipidemia
Total Dyslipidemia No dyslipidemia P-value

Age, years (SD) 62 (19) 70 (13) 59 (20) < 0.0001
Female, n (%) 899 (50) 260 (47) 639 (51) 0.1894
BMI, kg/m? (SD) 29 (13) 30 (14) 29 (13) 0.0727
Race

White, n (%) 1181 (65) 378 (69) 803 (64) 0.0016

Black, n (%) 251 (14) 66 (12) 185 (15)

Asian, n (%) 133 (7) 5109 82 (7)

Other, n (%) 244 (13) 54 (10) 190 (15)
Comorbidities

Diabetes, n (%) 603 (33) 254 (46) 349 (28) < 0.0001

Obesity, n (%) 588 (33) 203 (37) 385 (31) 0.0073

CClI (SD) 3.1 (26) 35(26) 29 (26) < 0.0001
Immunoglobulin Concentrations

IgA, mg/dL(SD) 260 (239) 251 (187) 264 (260) 0.2868

IgG, mg/dL(SD) 1099 (629) 997 (485) 1144 (677) < 0.0001

IgM, mg/dL(SD) 112 (256) 106 (214) 115 (273) 0.5096

population are summarized in Table 1. The mean age of
all individuals was 62+ 19years and the DCI score
ranged from 0 to 17 with a median of 3. A total of 549
(30%) had a diagnosis of dyslipidemia. Compared to
those without dyslipidemia, individuals with dyslipidemia
were significantly older (70 vs. 59 years, P < 0.0001) and
had higher DCI score (3.5 vs. 2.9, P< 0.0001). Race was
significantly associated with risk of dyslipidemia (P =
0.0016). The prevalence of DM was 46% in the dyslipid-
emia cohort, compared to 28% in those without dyslipid-
emia (P< 0.0001). The prevalence of obesity for these
two cohorts were 37 and 31%, respectively (P =0.0073).
The mean serum IgG concentration in individuals with
and without dyslipidemia was 997 + 485 mg/dL and
1144 + 677 mg/dL, respectively (P< 0.0001). After con-
trolling for age, sex, race, diagnosis of DM, obesity,
interaction between DM and obesity, and DCI, the least
square mean serum IgG concentration in individuals
with and without dyslipidemia was 1095 and 1239 mg/
dL, respectively (P < 0.0001; Table 2). The mean serum

Table 2 Least square mean serum Ig concentrations for
individuals with and without dyslipidemia

Dyslipidemia™  No ) P-value
Dyslipidemia
IgA LS Mean (mg/dL) 271 290 0.1390
IgG LS Mean (mg/dL) 1095 1239 <
0.0001
IgM LS Mean (mg/ 92 99 0.5097

db)

**Least Square (LS)Mean concentrations after controlling for age, sex, race,
diagnosis of DM, diagnosis of obesity, interaction of DM and obesity, and DCI

IgA and IgM concentrations were not significantly dif-
ferent in individuals with and without dyslipidemia both
before and after adjusting covariates. In our sensitivity
analysis where Ig concentrations were controlled for in-
dividual components of the DCI, heart failure, mild liver
disease, and solid tumor had a significant association
with Ig concentration. However, the results were in line
to those observed after controlling for DCI and are pro-
vided in Additional file 1: Table S1.

When looking into individuals with and without DM
(Table 3), older age, male sex, and higher body mass
index (BMI) were associated with a higher risk of DM
(all P< 0.0005). The proportions of patients with DM
were consistent across race groups. Patients with DM
were at a higher risk for dyslipidemia and obesity, and
had a higher DCI, compared to those without DM (all
P < 0.0001). A lower IgM concentration was numerically
observed in individuals with DM (P =0.0736) before
controlling for covariates. After controlling for age, sex,
race, dyslipidemia, obesity, interaction of dyslipidemia
and obesity, and DCI, all three Ig concentrations were
not significantly different in individuals with and without
DM (Table 4).

Individuals of advanced age, female sex, and white race
(all P< 0.005; Table 5) were more likely to be obese.
Obese individuals were more likely to be those with dys-
lipidemia and DM (all P < 0.005), but had a similar DCI
score compared to non-obese individuals. All three Ig
concentrations were not significantly different in individ-
uals with and without obesity (general linear model not
performed as none of the Ig P-values were less than 0.2)
and this was also confirmed when controlling for
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Table 3 Comparison of Demographic and Clinical
Characteristics Stratified by Diabetes
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Table 5 Comparison of demographic and clinical characteristics
stratified by obesity

Total Diabetes ~ No diabetes P-value Total Obesity No Obesity  P-value

Age, years (SD) 62 (19) 68 (14) 60 (20) < 0.0001 Age, years (SD) 62 (19) 60 (17) 64 (19) 0.0002
Female, n (%) 899 (50) 264 (44) 635 (53) 0.0004 Female, n (%) 899 (50) 321 (55) 578 (47) 0.0039
BMI, kg/m2 (SD) 29 (13) 31 (14) 28 (12) < 0.0001 BMI, kg/m2 (SD) 29 (13) 39 (18) 24 (4) < 0.0001
Race Race

White, n (%) 1181 (65) 377 (63) 804 (67) 0.0884 White, n (%) 1181 (65) 410 (70) 771 (63) < 0.0001

Black, n (%) 251 (14) 82 (14) 169 (14) Black, n (%) 251 (14) 81 (14) 170 (14)

Asian, n (%) 133 (7) 56 (9) 77 (6) Asian, n (%) 133 (7) 15 (3) 118 (10)

Other, n (%) 244 (13) 88 (15) 156 (13) Other, n (%) 244 (13) 82 (14) 162 (13)
Comorbidities Comorbidities

Dyslipidemia, n (%) 549 (30) 254 (42) 295 (24) < 0.0001 Dyslipidemia, n (%) 549 (30) 203 (35) 346 (28) 0.0073

Obesity, n (%) 588 (33) 265 (44) 323 (27) < 0.0001 Diabetes, n (%) 603 (33) 265 (45) 338 (28) < 0.0001

CCl (SD) 3.1 (26) 38 (25) 28 (25) < 0.0001 CCl (SD) 3.1 26 3.1(25) 3.1(26) 0.7438
Immunoglobulin Concentrations Immunoglobulin Concentrations

IgA, mg/dL(SD) 260 (239) 267 (171) 256 (268) 03875 IgA, mg/dL(SD) 260 (239) 268 (275) 256 (220) 0.3667

IgG, mg/dL(SD) 1099 (629) 1093 (572) 1102 (655)  0.7577 IgG, mg/dL(SD) 1099 (629) 1093 (585) 1102 (649) 0.7552

IgM, mg/dL(SD) 112 (256) 97 (134) 120 (301) 0.0736 IgM, mg/dL(SD) 112 (256) 102 (126) 117 (300)  0.2741

individual components of the DCI as described above
(Additional file 1: Table S2).

Discussion

The key finding of this study is that patients with dyslip-
idemia had IgG concentrations significantly lower than
those without dyslipidemia, before and after adjusting
covariates that could potentially confound these results.
Patients with and without dyslipidemia had comparable
IgM and IgA concentrations and none of the studied Ig
concentrations showed significant association with diag-
noses of DM or obesity.

As previously mentioned, it is unknown whether
antibody production and resultant serum Ig concen-
trations may have a protective or detrimental effect in
development of ASCVD. Atherosclerosis is recognized
as a chronic inflammatory condition, with evidence to
suggest different Igs may be present in atherosclerotic
plaques; nonetheless, there have been conflicting ef-
fects of different serum Igs observed in pre-clinical
trials [13]. It is hypothesized that, as an inflammatory

Table 4 Least square mean serum Ig concentrations for
individuals with and without diabetes

Diabetes No Diabetes P-value
IgA LS Mean (mg/dL)** 280 279 0.9253
IgG LS Mean (mg/dL)** 1170 1162 0.8078
IgM LS Mean (mg/dL)** 85 105 0.1588

**Least Square (LS) Mean concentrations after controlling for age, sex, race,
diagnosis of DM, diagnosis of obesity, interaction of DM and obesity, and DCI

condition, the atherosclerotic lesion may result in
monocyte and macrophage recruitment, along with
neutrophil activation and the production of reactive
oxygen species; B cell activation, in turn, may result
in production of serum Igs, including IgG, which may
serve to block the oxidative low density lipoprotein
(LDL)-macrophage interaction or result in macro-
phage apoptosis and cause attenuation of atherogen-
esis or plaque healing [13-15]. IgG, the primary Ig
subtype in human circulation, has been suggested to
have proatherogenic effects, although the functional
effect of alterations in serum concentrations of IgG
on ASCVD remains to be understood [13, 16].

There are few data available evaluating Ig concentra-
tions and their association with disease. Those that are
available are limited in sample size and population.
Sadanand and colleagues evaluated associations between
antiphospholipid antibodies and dyslipidemia in patients
with antiphospholipid antibody syndrome and found
that abnormal lipid values were statistically associated
with anticardiolipin IgM but not IgG concentration [17].
Turkoglu found that Chlamydia pneumoniae 1gG and
serum lipids concentrations were elevated together in
patients with acute coronary artery diseases [18]. In
2016, Khamis et al. reported that patients with higher
baseline serum IgG concentrations were associated with
experiencing a lower risk of cardiovascular events,
especially when attributed to coronary heart disease
[odds ratio, 0.66; 95% confidence interval, 0.57, 0.76;
p< 0.0001], and concluded that IgG concentrations
could be wused as a measurement to predict
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cardiovascular events or to improve existing cardiovas-
cular risk-scoring models [16]. All three studies were
conducted outside of the US. Compared to the existing
evidence, our findings identify lower IgG concentrations
in patients with dyslipidemia, a risk factor for cardiovas-
cular events [19]. However, since this is a cross-sectional
study, the causality between IgG concentrations and dys-
lipidemia remains unclear.

Nonetheless, it has been suggested that alterations
in serum Ig concentrations may occur in the setting of
chronic disease associated increasing the risk of devel-
opment of ASCVD. For example, in another cross-
sectional study, Guo and colleagues identified a reduc-
tion in serum IgG and IgM concentrations and in-
creased IgA concentrations in individuals with DM,
suggesting that there is an independent relationship
between alterations in serum Ig concentrations and
prevalence of DM among adults in China [20]. Fur-
ther, in the EPIC-Norfolk study, it was identified that,
among a cohort of initially healthy subjects, serum
IgG and IgM autoantibody concentrations, along with
apoB-immune complexes, were not necessarily inde-
pendent risk factors for coronary artery disease (CAD)
or CAD events, these humoral immune markers may
serve to modify CAD risk attributed to elevated levels
of oxidative biomarkers attributed to accelerating
ASCVD progression [21].

This study provides evidence of an association between
serum Igs concentration and metabolic syndrome in a US
population. Nonetheless, the research methodology and
study design have several limitations. First, data used in
this study were collected from medical centers in which
serum Igs were tested during patients” hospitalizations. As
a result, subjects were those who were acutely ill and,
therefore, could not represent the general population. We
acknowledge there is a possibility to selection bias, how-
ever, there was an attempt to exclude patients with co-
morbidities that would influence IgG levels, including
malignancy, immunodeficiency, and other autoimmune
conditions. If there was selection bias, this would likely be
non-differential, biasing the results toward the null. As a
cross-sectional study, our data are thus preliminary and
require confirmation in larger prospective studies. Second,
the reason why serum Ig concentrations were tested in
these patients were unknown, and it was reasonable to as-
sume that the test was ordered because the practitioner
believed that the patient had a condition that could affect
serum Igs. Although DCI was adjusted in the multivariate
regression model, patients with and without dyslipidemia
could have very different comorbidities [22]. Using a co-
morbidity summary score might not work as well as
adjusting individual comorbidities; however, we performed
a sensitivity analysis adjusting for individual compents
which did not change the results [23]. In addition, the
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exclusion of patients with malignancy may limit the exter-
nal validity. Subjects were from two regional medical cen-
ters in New Jersey, which further limited the
generalizability to a diverse population in the US or
abroad. Concurrent medication use was not adjusted in
this analysis due to data limitation. Finally, we cannot ex-
clude the possibility in variation of Ig measurements as
the immunoassays used to measure Ig changed over the
time period studied and may have differed between sites
(a 7 year period). As this was not a prospective study, we
had no control over the use of a standard assay method-
ology. However, we have no reason to believe that those
with metabolic disease had Ig preferentially measured with
one assay over another.

Despite these limitations, our study identifies an associ-
ation between serum IgG concentration and dyslipidemia
after controlling for confounding variables. Whether this al-
teration is a bystander or within the causal pathway remains
to be determined; however, previous research has suggested
a link between humoral immunity and cardiovascular disease
[13]. Khamis and colleagues reported that low serum IgG
concentration was correlated to worse cardiovascular out-
comes after adjusting for risk factors including those found
in the Framingham risk score [16]. Further, individuals in the
highest IgG tertile had a 60% lower risk of coronary heart
disease. There are preclinical data from an ApoE deficient
murine model suggesting that high dose polyclonal IgG re-
duces atherosclerosis; therefore, it is plausible that individuals
with low serum IgG may be more likely to display dyslipid-
emia [24]. Ultimately additional data from larger cohorts are
needed to determine the relationship between serum Ig and
cardiovascular risk.

Conclusions

The correlation of the presence of humoral immune
markers, such as alterations in serum Ig levels, with the
development of components of metabolic syndrome
may represent an important aspect of understanding
the variables influencing ASCVD risk. Measuring serum
Ig levels may represent a potential biomarker for earlier
identification of individuals at risk for development of
the metabolic syndrome, or in the evaluation of patients
with ASCVD to help optimize treatment intensity for
patients with obesity, dyslipidemia, DM, or other co-
morbidities. The findings of this research suggest that
alterations in serum IgG levels may be found in individ-
uals with components of metabolic syndrome, however,
confirmation in larger prospectively designed observa-
tional studies are necessary to identify potential impli-
cations for patient care. Further, the various IgG
subtypes additionally complicate the use of this sub-
stance of a biomarker for disease risk, but represent a
provocative area of research potential for further eluci-
dating underlying pathology.
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