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Background: Metabolic syndrome (MS) is an assemblage of biochemical derangements of
glucose metabolism, dyslipidemia, hypertension, and central obesity allied with implacable
low-grade inflammation. Aims and Objectives: The current cross-sectional study was
conducted to evaluate the levels of serum Immunoglobulin IgM, and IgG concentrations in
subjects with and without MS. Materials and Methods: The study population included 50
adults with MS as cases confirmed by estimation of serum triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C), Fasting Plasma Glucose, waist circumference, and blood
pressure. Serum IgM and IgG levels were evaluated in cases and controls (from a healthy
population), followed by statistical analysis, with the significance level set at P<0.05.
Results: The comparison of the serum IgM levels between the case and control groups
revealed that the level was significantly higher in the former (P<0.001) compared to the
latter, but no statistically significant difference existed in the IgG values. Correlation analysis
showed significant positive correlation of IgM with TG (p=+0.870, P<0.001), waist
circumference (p=+0.683, P=0.009) and negative correlation with HDL-C (p=—-0.751,
P<0.001). A significant positive correlation of IgG with waist circumference (p= +0.889,
P <0.001) was derived. Regression analysis affirmed that statistically, TG (R?=0.768), waist
circumference (R?=0.751), and HDL-C (R?2=0.705) significantly explained the variance in
IgM, whereas IgG was related to only waist circumference. Conclusion: The present study
provides a novel perspective that IgM may be involved in the pathogenesis of MS in a
population from eastern India, and the outcome suggests the association between IgM and
MS may be through lipid metabolism disorders and obesity.
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INTRODUCTION

Metabolic syndrome (MS), a constellation of biochemical
derangements of glucose metabolism, dyslipidemia,
hypertension, and central obesity, is a well-recognized risk
factor for cardiovascular diseases.! Among Indian adults,
the prevalence of MS is 30%—more in urban (32%)
compared to rural (22%) and tribal (28%) adults.?

An important factor contributing to MS is persistent,
chronic, low-grade systemic inflammation.” Obesity

has been recognized as a common pathological process
causing the development of MS. India has seen a steep
increase in obesity in the last few decades. Visceral fat
cells contribute directly to the development of low-
grade inflammation as they secrete numerous immune-
modulating proinflammatory cytokines. Interleukin (IL)-6
is now considered a co-factor for immunoglobulin (Ig)
synthesis and also a common marker of inflammation.*

Few epidemiological studies have evaluated the association
between Igs and MS in the general population, yielding
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contrasting results.”® The serum IgM concentration was
found to be significantly lower in subjects with dyslipidemia.’
To the contrary, another study reported a positive association
between serum IgM concentration and elevated triglyceride
(TG) and reduced high-density lipoprotein cholesterol
(HDL-C) in male patients.® In a study, high serum titers of
IgG antibodies to oxidized low-density lipoprotein were
found to be associated with MS and smoking,” Dyslipidemia
was found to be associated with a lower mean serum IgG
concentration in a recent study.® Moreover, the scarcity of
such studies among the local population has compelled us to
design this study. It was hypothesized that Igs may be a key
molecular link between MS and the systemic inflammatory
response induced by obesity. This cross-sectional study
aims to evaluate the alteration of serum (IgG and IgM)
concentrations in subjects with and without MS and assess
any relationship between the Igs and the indicators of MS,
including obesity, hypertension, diabetes mellitus (DM),
and dyslipidemia estimated by Waist Circumference, Blood
pressure, Plasma Glucose, Serum TG, and Serum HDL-C,
respectively.

Aims and objectives

The current study was conducted to evaluate the levels
of serum IgM, IgG concentrations in subjects with and
without metabolic syndrome.

MATERIALS AND METHODS

A hospital-based cross-sectional study was done for
5 months after obtaining approval from the institutional
ethics committee. The study population included adults with
MS as cases selected from the general medicine outpatient
departmentof the institution. The control group was selected
from the accompanying healthy relatives of the patients.
Biochemical investigations and result analysis were performed
in the department of Biochemistry at the institution.

Following inclusion and exclusion criteria, 50 adults with
MS and 50 controls were selected by the method of
convenience and after obtaining informed consent.

Inclusion criteria for cases

a. The age of the subjects was >18 years

b. The subjects met the criteria of MS: Three or more
of the following as per harmonized guidelines of the
national heart, lung, and blood institute of the US

American Heart Association and the International

Diabetes Federation,” which include:

i.  Waist circumference of 290 cm in males or
280 cm in females—Asian population cutoff for
abdominal obesity

ii. TGs 2150 mg/dL or receiving drug therapy for
hypertriglyceridemia
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iii. HDL-C <40 mg/dL in males or <50 mg/dL in
females, or receiving drug therapy for low HDL-C

iv. Blood pressure 2130/85 mmHg or receiving drug
therapy for hypertension

v.  Fasting plasma glucose 2110 mg/dL ot receiving
drug therapy for hyperglycemia.

Exclusion criteria for cases

Subjects with liver diseases, hematological disorders,
infections, autoimmune diseases, malignancies,
immunodeficiencies, and pregnant mothers were excluded.

Controls were selected after proper consent from healthy
individuals without MS as well as any hematological
diseases, chronic or active infection, or inflammation.

Ethical considerations

Institutional ethical clearance was obtained as per guidelines
from the Helsinki Declaration, 1975, as revised in 1983,
and the Indian Council of Medical Research guidelines
for human studies. Written and informed consents were
obtained from participants as per protocol.

Data collection procedure

Blood was collected from the subjects in plain clot vials
and fluoride vials after proper patient preparation. Blood
pressure and waist circumference were recorded, along with
a clinical history. After centrifugation, serum was harvested
for the estimation of Serum IgM, serum IgG, Serum TG,
Serum HDL-C, and Fasting Plasma glucose. The data
collected was followed by statistical analysis.

Analytes measured

Serum IgM and serum IgG were measured by a solid-phase
sandwich enzyme-linked immunosorbent assay (ELISA)
from Xema-medica Co., Ltd., using an ELISA Reader and
Washer (Tecan Life Sciences). The analytical sensitivity of
the assay specified was 0.06 g/L for both IgM and IgG. The
manufacturer indicated the following reference intervals
for healthy adults: IgM 0.7-3.7 g/L and 1gG 9.0-20 g/L.

Serum TG was measured by the glycerol phosphate
oxidase method, serum HDL-C by the polyethylene
glycol precipitation method, and plasma glucose by the
hexokinase method using the Konelab systems pack
reagent and Thermo Fisher Scientific Konelab Prime
601 autoanalyzer. All reagents and procedures were pre-
validated. Quality control of the Elisa kits and enzymatic
methods was monitored through the calibrators and control
materials.

Statistical analysis
The data obtained from the above parameters were
analyzed for differences between the medians of the serum
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IgM and IgG of cases and controls by Mann-Whitney
U-test, as the data failed the normality tests. A Spearman
correlation analysis between IgM and the components of
MS (serum TG, Serum HDL-C, Fasting Plasma Glucose,
Waist circumference, and Blood pressure) was performed
in the cases. Simple linear regression was done to assess
the relationship between the dependent variables Serum
IgM and serum IgG and the indicators of MS. All statistical
analyses were carried out using the IBM SPSS Statistics 26.0
software with P<0.05 as the significance level.

RESULTS

In the current study, 50 MS subjects, including 28 female
subjects and 22 male subjects, were evaluated with mean
ages of 52.27 and 52.05 years, respectively. The comparison
of medians of Serum IgM and Serum IgG between cases
and controls by Mann-Whitney U-test as reported in
Table 1 revealed that serum IgM levels were much higher
(median=5.85 g/L) in the case-MS group (P<0.001)
compared to the control group (median=1.70 g/1.), but no
statistically significant difference was found in IgG values,
although the median value was lower in the case group.
The Box Whisker plot of IgM (g/L) median value in Cases
(Median-5.85), Control (Median-1.7) and IgG (g/L) median
value difference in Cases (Median-14.85) and Control
(Median 15.30) is shown in Figure 1.

The Spearman correlation analysis conducted for Serum
IgM, as revealed in Table 2, showed a strong significant
positive correlation of serum IgM with serum TG level
(p=+0.870, P<0.001), waist circumference (p=+0.683,

P=0.009) and a strong negative correlation with serum
HDL-C (p=-0.751, P<0.001) thus establishing a positive
correlation between serum IgM level and dyslipidemia
as well as obesity. There was no significant correlation
between serum IgM level, fasting plasma glucose, and both
diastolic and systolic blood pressure (SBP). For Serum IgG,
a significant positive correlation of serum IgG was detected
only with waist circumference (p=+0.889, P<0.001) thus
linking serum IgG with obesity. Other indicators did not
reveal any significant correlation.

Simple linear regression analysis (Table 2) showed that
the variation in Serum IgM (the dependant variable) is
very well explained by taking TG (R*=0.768, 3=0.864,
P<0.001), HDL-C (R*=0.705, B=-0.735, P<0.001),
and waist circumference (R?=0.751, $=0.680, P=0.011)
into account individually. In the case of Serum IgG (the
dependant variable), the regression analysis reflected
74.9% variations taking Waist circumference into account
(R*=0.749, =0.876, P<0.001).

The regression lines were positive for the relation of Serum
IgM with TG and Waist Circumference and negative with
HDL-C, whereas they were positive for Serum IgG with
Waist circumference as in the scatter plots (Figure 2). Thus,
the standardized coefficient beta () and the regtession lines
revealed almost similar result as the correlation analysis.

DISCUSSION

IgM is the first antibody produced in an immune
response after the initial antigen encounter. It is the

Analyte tested Median (Case) Median (Control) Mann Whitney U P-value
Serum IgM (g/L) 5.85 1.70 424 <0.001*
Serum IgG (g/L) 14.850 15.300 1104.000 0.189

*P<0.05 as the significance level, Ig: Immunoglobulin
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Figure 1: Box whisker plot of immunoglobulin (Ig)M (g/L) - cases (median-5.85) and control (median-1.7) and IgG (g/L) - cases (median-14.85)

and control (median-15.3)
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Independent Dependent variable- serum IgM Dependent variable- serum IgG
variables Spearman Simple linear regression Spearman Simple linear regression
correlation correlation
Rho (p) P R? Standard  P-value Rho (p) P R? Standard P-value
Coeff. Coeff.
Beta Beta
TG +0.870 <0.001* 0.768 +0.864 <0.001* +0.420 0.088 0.072 +0.393 0.078
HDL-C -0.751 <0.001* 0.705 -0.735 <0.001* -0.531 0.098 0.12 -0.511 0.139
WC +0.683 0.009* 0.751 +0.680 0.011* +0.889  <0.001* 0.749 +0.876 <0.001*
FBS +0.239 0.196 0.1 +0.212 0.223 -0.439 0.069 0.032 +0.422 0.082
SBP +0.332 0.089 0.164 +0.313 0.136 +0.234 0.079 0.043 +0.210 0.095
DBP +0.384 0.097 0.02 +0.378 0.147 +0.381 0.112 0.022 +0.336 0.213

TG: Serum triglyceride, HDL-C: Serum high-density lipoprotein cholesterol, WC: Waist circumference, FBS: Fasting blood sugar/fasting plasma glucose, SBP: Systolic blood

pressure, DBP: Diastolic blood pressure

predominant isotype secreted during T-cell independent
immune responses'’ and an important component in
autoimmunity."’ Obesity is a core factor in MS and induces
the development of autoimmunity.'” Thus, IgM may be
a major molecular link between MS and the systemic
inflammatory response initiated by obesity.’ In the current
study, a statistically significant difference was found in
serum IgM levels between the subjects with MS and the
normal population, with the former group having a much
higher IgM level than the latter. The Tianjin chronic low-
grade systemic inflammation and health (TCLSIH) Cohort
Study conducted by Song et al. is the first to show that the
highest IgM quartile is independently related to the highest
prevalence of MS in both males and females.®

In the current study, the serum total IgG levels, on the other
hand, revealed no such significant result. IgG in human
circulation has been suggested to have proatherogenic
effects, although the functional effect of alterations
in serum concentrations of IgG on atherosclerotic
Catdiovascular disease is yet to be understood."” The key
finding of a study conducted by Lin et al. was that patients
with dyslipidemia had IgG concentrations significantly
lower than those without dyslipidemia.” Gonzalez-Quintela
et al. concluded in their study that IgG levels showed no
consistent relationship with metabolic abnormalities like
obesity and Diabetes.> As MS constitutes an array of
metabolic defects, IgG level derangements might not be
overall linked to MS as found in the current study.

In the present study, the indicators of MS were considered
separately as the nominal definition of MS is constantly
changing."* The first indicator dealt was dyslipidemia which
showed a strong and significant positive correlation of IgM
with serum TG level and a strong negative correlation with
serum HDL-C. Moreover, regression analysis revealed that
a statistically significant proportion (76.79% and 70.53%)
of the variance for Serum IgM can be explained by serum
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Figure 2: Scatter plots with regression line and R? values of serum
immunoglobulin (Ig)M with serum triglyceride, serum high-density
lipoprotein cholesterol, waist circumference and serum IgG with waist
circumference

TG and HDL-C, respectively, with the trendlines being
positive for the former and negative for the latter. The
TCLSIH Cohort Study revealed that IgM levels in males
were independently and positively related to the prevalence
of elevated TG and reduced HDL-C° similar to the current
study findings. Recent studies have also suggested that fatty
acids activate B cell TLR4 and that this stimulation is a
requirement for increased IgM." TG provides the source
of fatty acid needed throughout body cells, and both are
closely related. Serum fatty acid concentration may help in
the interpretation of our observations of the relationships
between IgM and MS, TG, or HDL-C. It can therefore be
speculated that lipid metabolism disorders may be a key
link between serum IgM levels and MS in the population.
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In a study, Sadanand and colleagues concluded that
abnormal lipid values were statistically associated with
anticardiolipin IgM but not IgG concentration in patients
with antiphospholipid antibody syndrome.' In the
current study, correlational as well as regression studies
revealed no statistically significant relationship between
serum IgG levels and TG or HDL-C levels. Lin et al.
found that dyslipidemia was associated with a lower mean
serum IgG concentration in their study.” Contratiwise, a
study by Turkoglu concluded that both serum lipids and
Chlamydia pneumoniae IgG levels were raised in acute
coronaty artery disease patients."” 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."” Thus, a follow-up study in the
current scenario would be best to decide the exact relation
between IgG level and the effect of dyslipidemia on the
risk of the occurrence of cardiovascular events.

Obesity was the next indicator of MS dealt with in this
study, which has increased sharply throughout the world
in recent times.'® The increase in waist circumference (a
measurement of obesity) is another crucial indicator of
MS, as obesity induces the development of MS. In obesity,
many immune cells infiltrate adipose tissue, promoting
chronic low-grade inflammation."” Furthermore, visceral
fat cells, now considered an immune organ, secrete
numerous immune-modulating molecules and directly
contribute to the development of low-grade inflammation.
From the above, obesity triggers autoantibody production
and is the most important risk factor for inducing a
systemic inflammatory response.” The production
of proinflammatory adipocytokines like 1L.-6, a co-
factor for Ig synthesis, is increased.” This explains the
statistically significant positive correlation between IgM
and Waist circumference as well as between IgG and Waist
circumference. In the current study, regression analysis
revealed that statistically, 75.09% of the variance for Serum
IgM and 74.91% of the variance for Serum IgG can be
explained by Waist circumference, with the regression line
being positive. Contrasting results were found in a study
done in Spain, where IgG and IgM levels showed no
consistent relationship with metabolic abnormalities like
obesity and hypertension.” The difference in results may be
due to differences in the geographical population studied,
which needs further exploration.

The next indicator of MS is increased Fasting Plasma
glucose, which is one of the diagnostic criteria for DM as per
guidelines. In a study, none of the studied Ig concentrations
showed a significant association with diagnoses of DM,
which is similar to the outcome of the current study.’
Studies have also reported changes in serum Ig levels
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among subjects with type 2 diabetes. The pro-inflammatory
cytokine IL-6 plays an important role in the mediation
of the inflammatory response and the development of
microvascular complications in patients with DM.?" So,
elevated levels of 1L.-6 independently increase the risk of
developing type 2 diabetes by diminishing insulin sensitivity.
The current study, however, was unable to measure the
insulin-resistant state of participants as well as 116, which
would have revealed the exact mechanism of association
between DM and MS. Moreover, the extent to which the
circulating Igs influence metabolic dysfunction in DM
is not fully known, particularly with regard to ethnicity.
In the Ghana study, IgM levels were not different in the
case and control groups, with results consistent with prior
studies and similar to the findings of the current study.”!
Thus, Fasting plasma glucose couldn’t explain the variance
in IgM or IgG, according to the regression analysis of the
present study.

The last but not the least indicator of MS is hypertension.
IgG and IgM titres were found to be elevated in essential
hypertension in many studies. However, these early studies
could not identify the targets of these antibodies, and thus
no facts on their exact association with the pathophysiology
of hypertension were obtained. In recent times, the most
likely explanation for the cause of the raised IgG in
hypertension is vascular damage (fragmentation of the
internal elastic lamina) induced by the raised BP, resulting
in the release of connective tissue components that may
become antigenic.”* In the current study, no significant
correlation was found between IgM and Diastolic blood
pressure (DBP) or SBP as well as between IgG and DBP
or SBP. A regression study also yielded no statistically
significant relationship between Serum IgM or IgG and
DBP or SBP. In a study, IgM levels showed no consistent
relationship with hypertension, but individuals with high
blood pressure showed higher IgG.*> Olsen et al. also
demonstrated a pattern of increased IgG, but without any
correlation to BP? In that study, untreated and treated
patients were not evaluated separately, and the mean values
of Ig were highest in the treated patients with normal
BP. This may explain the lack of a correlation or any
regression relationship, as a reduction of BP with drugs
does not necessarily imply a restoration of any possible
morphological vascular changes.

In a nutshell, according to the present study, obesity could
explain both serum IgM and IgG levels, while dyslipidemia
could predict only IgM levels. Chronic inflammation is a
key feature of MS, which is a risk factor for cardiovascular
events. An increased accumulation of macrophages
occurs in obese adipose tissue. Their interactions with
endothelial cells, adipocytes, and other immune cells,** and
the up-regulation of TLR4/nuclear factor-kappa B, the
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major signaling pathway,” have emerged as key processes
in metabolic inflammation.

Almost no study to date has investigated the question of
whether serum IgM and serum IgG are related to indicators
of MS in the eastern Indian population. The present study
provides a novel perspective on the possibility that IgM
may be involved in the pathological process of MS in the
current population.

Limitations of the study

The present study has two limitations. Firstly, a larger
sample size should be undertaken to establish a stronger
statistical outcome. Secondly, this is a cross-sectional study
which needs more prospective studies in future to assess
the association between immunoglobulin levels and risk
of cardiovascular events in MS.

CONCLUSION

The present study reveals that IgM may be an important
coupling between MS and obesity-induced inflammatory
responses in a population from eastern India. The outcome
of this study suggests that the association may be due to
lipid metabolism disorders and obesity. Further, prospective
studies with a large sample size need to be undertaken to
establish a causal relationship between Igs and the risk of
cardiovascular events in MS in the current population, so
that measuring serum Ig may help in earlier identification
of MS for apt and prompt intervention.

ACKNOWLEDGMENT

We are thankful to the participants of the study as well as
the medical technologists who helped us in the diagnostic
tests.

REFERENCES

1. Grundy SM. Metabolic syndrome pandemic. Arterioscler Thromb
Vasc Biol. 2008;28(4):629-636.
https://doi.org/10.1161/ATVBAHA.107.151092

2. Krishnamoorthy Y, Rajaa S, Murali S, Rehman T, Sahoo J
and Kar SS. Prevalence of metabolic syndrome among adult
population in India: A systematic review and meta-analysis.
PLoS One. 2020;15(10):e0240971.
https://doi.org/10.1371/journal.pone.0240971

3. Romeo GR, Lee J and Shoelson SE. Metabolic syndrome,
insulin resistance, and roles of inflammation--mechanisms
and therapeutic targets. Arterioscler Thromb Vasc Biol.
2012;32(8):1771-1776.
https://doi.org/10.1161/ATVBAHA.111.241869

4. Sell H and Eckel J. Adipose tissue inflammation: Novel insight

into the role of macrophages and lymphocytes. Curr Opin Clin
Nutr Metab Care. 2010;13(4):366-370.

106

10.

1.

12.

13.

14.

15.

16.

https://doi.org/10.1097/MCO.0b013e32833aab7f

Gonzalez-Quintela A, Alende R, Gude F, Campos J, Rey J,
Meijide LM, et al. Serum levels of immunoglobulins (IgG,
IgA, IgM) in a general adult population and their relationship
with alcohol consumption, smoking and common metabolic
abnormalities. Clin Exp Immunol. 2008;151(1):42-50.

https://doi.org/10.1111/j.1365-2249.2007.03545

Song K, Du H, Zhang Q, Wang C, Guo Y, Wu H, et al. Serum
immunoglobulin M concentration is positively related to
metabolic syndrome in an adult population: Tianjin Chronic
Low-Grade Systemic Inflammation and Health (TCLSIH) Cohort
Study. PLoS One. 2014;9(2):e88701.

https://doi.org/10.1371/journal.pone.0088701

Lin D, Bridgeman MB and Brunetti L. Evaluation of alterations
in serum immunoglobulin concentrations in components of
metabolic syndrome, obesity, diabetes, and dyslipidemia. BMC
Cardiovasc Disord. 2019;19(1):319.

https://doi.org/10.1186/s12872-019-01296-0

Fagerberg B, Bokemark L and Hulthe J. The metabolic syndrome,
smoking, and antibodies to oxidized LDL in 58-year-old clinically
healthy men. Nutr Metab Cardiovasc Dis. 2001;11(4):227-235.

Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI,
Donato KA, et al. Harmonizing the metabolic syndrome: A joint
interim statement of the International Diabetes Federation
Task Force on Epidemiology and Prevention; National Heart,
Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and
International Association for the Study of Obesity. Circulation.
2009;120(16):1640-1645.

https://doi.org/10.1161/CIRCULATIONAHA.109.192644
Ehrenstein MR and Notley CA. The importance of natural

IgM: scavenger, protector and regulator. Nat Rev Immunol.
2010;10(11):778-786.

https://doi.org/10.1038/nri2849

Duarte-Rey C, Bogdanos DP, Leung PS, Anaya JM and

Gershwin ME. IgM predominance in autoimmune disease:
Genetics and gender. Autoimmun Rev. 2012;11(6-7):A404-A412.

https://doi.org/10.1016/j.autrev.2011.12.001.Epub2011Dec8.
PMID:22178509

Arai S, Maehara N, Iwamura Y, Honda S, Nakashima K, Kai T,
et al. Obesity-associated autoantibody production requires AIM
to retain the immunoglobulin M immune complex on follicular
dendritic cells. Cell Rep. 2013;3(4):1187-1198.
https://doi.org/10.1016/j.celrep.2013.03.006

Khamis RY, Hughes AD, Caga-Anan M, Chang CL, Boyle JJ,
Kojima C, et al. High serum immunoglobulin G and M levels predict
freedom from adverse cardiovascular events in hypertension:
A nested case-control substudy of the Anglo-Scandinavian
cardiac outcomes trial. EBioMedicine. 2016;9:372-380.
https://doi.org/10.1016/j.ebiom.2016.06.012

Federspil G, Nisoli E and Vettor R. A critical reflection on
the definition of metabolic syndrome. Pharmacol Res.
2006;53(6):449-456.

https://doi.org/10.1016/j.phrs.2006.03.008

Xu H, Barnes GT, Yang Q, Tan G, Yang D, Chou CJ, et al.
Chronic inflammation in fat plays a crucial role in the
development of obesity-related insulin resistance. J Clin Invest.
2003;112(12):1821-1830.

https://doi.org/10.1172/JC119451

Sadanand S, Paul BJ, Thachil EJ and Meletath R. Dyslipidemia
and its relationship with antiphospholipid antibodies in APS
patients in North Kerala. Eur J Rheumatol. 2016;3(4):161-164.

https://doi.org/10.5152/eurjrheum.2016.16041

Asian Journal of Medical Sciences | Nov 2023 | Vol 14 | Issue 11



17.

18.

19.

20.

21.

Sinharay, et al.: Immunoglobulins and indicators of metabolic syndrome

Turkoglu C, Sonmez E and Aydinli A. Relationship between
dyslipidemia, C-reactive protein and serological evidence of
Chlamydia pneumoniae in Turkish patients with coronary artery
diseases. New Microbiol. 2004;27(3):229-234.

Nathan C. Epidemic inflammation: Pondering obesity. Mol Med.
2008;14(7-8):485-492.

https://doi.org/10.2119/2008-00038

Sun S, Ji Y, Kersten S and Qi L. Mechanisms of inflammatory

responses in obese adipose tissue. Annu Rev Nutr. 2012;32:
261-286.

https://doi.org/10.1146/annurev-nutr-071811-150623

Ronti T, Lupattelli G and Mannarino E. The endocrine function
of adipose tissue: An update. Clin Endocrinol (Oxf). 2006;64(4):
355-365.

https://doi.org/10.1111/j.1365-2265.2006.02474 .x
Asare-Anane H, Botchey CP, Ofori EK, Boamah I, Crabbe S

22.

23.

24.

and Asamoah-Kusi K. Altered immunoglobulins (A and G) in
Ghanaian patients with Type 2 diabetes. SAGE Open Med.
2018;6:2050312118762042.
https://doi.org/10.1177/2050312118762042

Wang X, Li Y, LiH, Gu Y, Song Y, Zhang Q, et al. Relationship of
serum immunoglobulin levels to blood pressure and hypertension
in an adult population. J Hum Hypertens. 2018;32(3):212-218.
https://doi.org/10.1038/s41371-018-0029-2

Olsen F, Hilden M and Ibsen H. Raised levels of immunoglobulins
in serum of hypertensive patients. Acta Pathol Microbiol Scand B
Microbiol Immunol. 1973;81(6):775-778.
https://doi.org/10.1111/j.1699-0463.1973.tb02275.x

Elks CM and Francis J. Central adiposity, systemic
inflammation, and the metabolic syndrome. Curr Hypertens
Rep. 2010;12(2):99-104.

https://doi.org/10.1007/s11906-010-0096-4

Authors’ Contributions:

MS- Concepts, design, definition of intellectual content, implementation of study protocol, data collection, investigation, statistical analysis, manuscript writing,
article submission; PC- Literature survey, implementation of study protocol, data collection; AD- Concept, definition of intellectual content; AK- Statistical

analysis, manuscript writing, article submission.

Work attributed to:
Calcutta National Medical College, Kolkata, West Bengal, India.

Orcid ID:

Manali Sinharay -

Pritam Chowdhury -
Anindya Dasgupta -
Arindam Karmakar -

https://orcid.org/0000-0002-2896-9759
https://orcid.org/0009-0004-0675-1179
https://orcid.org/0000-0001-9713-1071
https://orcid.org/0000-0002-3726-6596

Source of Support: Nil, Conflicts of Interest: None declared.

Asian Journal of Medical Sciences | Nov 2023 | Vol 14 | Issue 11

107


https://orcid.org/0000-0002-2896-9759
https://orcid.org/0000-0002-2896-9759
https://orcid.org/0009-0004-0675-1179
https://orcid.org/0009-0004-0675-1179
https://orcid.org/0000-0001-9713-1071
https://orcid.org/0000-0001-9713-1071
https://orcid.org/0000-0002-3726-6596
https://orcid.org/0000-0002-3726-6596

