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Centenarian longevity is positively correlated with IgE levels
but negatively correlated with C3/C4 levels, abdominal obesity
and metabolic syndrome
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Centenarians have delayed or absent onset and interaction of age-
related disturbances and might be a prototype of human
longevity and successful aging.1 What are the factors and models
of centenarian longevity? This issue has confused humans for
thousands of years. Studies comparing centenarians and other
oldest-old individuals could identify the factors related to
centenarian longevity, and analysis of their relationships in these
oldest-old individuals could improve the models of centenarian
longevity.1 All these factors and models could be used to identify
therapeutic targets for the prevention of age-related disturbances
and the promotion of centenarian longevity.
Metabolic syndrome represents metabolic disturbance in the

human body and has an increasing prevalence of 20–25%
worldwide.2 An increasing prevalence of metabolic syndrome with
age has been reported in up to 42.0% of elderly individuals in the
United States.3 However, it remains unclear whether the pre-
valence of metabolic syndrome is further elevated in centenarians
from China. The immune system is closely related to metabolic
syndrome, which is therefore considered a chronic immune-related
disease.4 However, controversial conclusions have been documen-
ted, and the relationships between metabolic syndrome and
immune function need to be clarified by large-scale studies in
different populations, including the oldest-old population.5 More-
over, assessing whether immunological markers and metabolic
syndrome are the factors related to centenarian longevity and
whether their relationships exist in the oldest-old population as a
model of centenarian longevity are greatly needed and important.
Hainan is a longevity region with the highest population density

of centenarians in China. The China Hainan Centenarian Cohort
Study, which has a large sample size, was performed to investigate
the relationship network between immunological markers, meta-
bolic syndrome, abdominal obesity, and centenarian longevity in
the oldest-old population. From July 2014 to October 2017, 1297
individuals in the 18 cities and counties of Hainan Province
participated in the study and completed all tests (Table S1),
including 655 centenarians with an age ≥100 years and 642 other
oldest-old individuals <100 years. All participants were identified
by the National Civil Registry provided by the Hainan Civil Affairs
Bureau.
All the oldest-old individuals had a median age of 100 (84–102)

years, ranging from 80 to 116 years. The percentages of males,

individuals with metabolic syndrome and individuals with
abdominal obesity were 30.3% (393 participants), 18.7% (242
participants), and 31.9% (414 participants), respectively. Based on
the logistic regression analysis (Table S2), there were significantly
lower prevalence rates of metabolic syndrome and abdominal
obesity in the centenarians (P < 0.05 for all). Moreover, centenar-
ians showed significantly associations with higher immunoglobu-
lin E (IgE), IgG and kappa levels; lower IgM and complement
component 3 (C3) and 4 (C4) levels; and lower levels of anti-Jo-1
and anti-pm-scl antibodies (P < 0.05 for all). As shown in Table S3,
metabolic syndrome and abdominal obesity were significantly
associated with lower IgE levels and higher C3 and C4 levels (P <
0.05 for all). Figure 1 shows the relationship network between
immunological markers, abdominal obesity, metabolic syndrome,
and centenarian longevity in the oldest-old population.
IgE is a significant indicator of the immune system.3 The balance

in immune function and metabolic status might play an important
role in centenarian longevity, whereas immune dysfunction might
be connected to the development of metabolic syndrome and
abdominal obesity. The current study found that IgE had a
negative relationship with metabolic syndrome and a positive
relationship with centenarian longevity in the oldest-old Chinese
population. Insulin resistance has been shown to inhibit allergic
response and IgE in previous basic research. IgE intervenes in the
activation of endothelial and mast cells and influences the
secretion and action of cell-related cytokines.6 These cells and
cytokines have the potential to participate in the development of
abdominal obesity and metabolic syndrome, and IgE might
correlate with metabolic syndrome by directly or indirectly
interacting with these cells and cytokines.7

The complement system is critical for innate and adaptive
immunological mechanisms and plays a part in life processes and
centenarian longevity. C3 and C4 are the main proteins of the
complement pathways, play prominent roles in the complement
system, and have been identified as early markers of metabolic
syndrome in previous studies. The current study confirmed that C3
and C4 had positive relationships with metabolic syndrome and
negative relationships with centenarian longevity in the oldest-old
Chinese population. C3 and C4 are synthesized in the liver. The
cytokines that interfere with hepatic synthesis are mainly secreted
by excessive adipose tissue.8 Moreover, C3 and C4 are synthesized
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by activated adipocytes and macrophages and act as both
cytokines and adipokines. These cytokines might influence insulin
receptor–substrate interactions and aggravate insulin resistance.
As the major degraded product and active fragment of C3,
acylation stimulating protein (ASP, C3a-desArg) has insulin-like
properties and promotes lipid synthesis in adipocytes. Therefore,
ASP resistance might lead to an increase in ASP precursor levels,
similar to the increase in insulin levels resulting from insulin
resistance.
Abdominal obesity has been considered to be the most

significant manifestation of metabolic syndrome associated with
insulin resistance and metabolic syndrome.8 The current study
determined that abdominal obesity and metabolic syndrome not
only had negative relationships with centenarian longevity but
also had negative relationships with IgE and positive relationships
with C3 and C4 in the oldest-old Chinese population. Abdominal
adipose tissue might lead to insulin resistance and act as an
immune organ.9 Adipose tissue might produce different comple-
ment factors and trigger an immune response.9 Elevated
expression of C3 and C4 is related to visceral adipose and
abdominal obesity.6 ASP (C3a-desArg) could promote lipogenesis
in adipose cells. Therefore, C3 might increase abdominal obesity

and influence lipid metabolism, further causing metabolic
syndrome and interfering with centenarian longevity.10

Based on the findings from the current study, an immune
system with the qualities of increased IgE and reduced C3 and C4
might prevent metabolic syndrome and abdominal obesity and
promote centenarian longevity, all of which should be considered
therapeutic targets in the prevention of metabolic syndrome and
in the promotion of centenarian longevity. Moreover, centenarian
longevity had positive relationships with other immunoglobulins,
such as IgG and kappa, and negative relationships with
autoantibodies, such as anti-Jo-1 and anti-pm-scl antibodies.
These immune indices might also participate in the development
of centenarian longevity and successful aging.

ACKNOWLEDGEMENTS
This work was supported by grants from the National Key R&D Program of China
(2018YFC2000400), the National Natural Science Foundation of China (81900357,
81903392), the National S&T Resource Sharing service platform Project of China
(YCZYPT[2018]07), the General Hospital of PLA Medical Big Data R&D Project
(MBD2018030), the China Postdoctoral Science Foundation funded project
(2019M650359), the National Geriatric Disease Clinical Medicine Research Center
Project (NCRCG-PLAGH-2017-014), the Military Medical Science and Technology
Youth Incubation Program (20QNPY110), the Sanya Medical and Health Science and
Technology Innovation Project (2016YW21), the Sanya Institutional and Local
Scientific and Technological Cooperation Project, the Military Medicine Youth
Program of Chinese PLA General Hospital (QNF19069) and the Clinical Scientific
Research Supporting Fund of Chinese PLA General Hospital (2017FC-CXYY-3009). The
sponsors had no role in the design, conduct, interpretation, review, approval or
control of this article.

AUTHOR CONTRIBUTIONS
S.F., Y.L., F.Z., F.X.L., F.Q.L., J.D., Y.Z., and Y.Y. contributed to the study design,
performed the data collection and analyses, and drafted the paper.

ADDITIONAL INFORMATION
The online version of this article (https://doi.org/10.1038/s41423-020-0386-y)
contains supplementary material.

Competing interests: The authors declare no competing interests.

REFERENCES
1. Motta, M., Bennati, E., Ferlito, L., Malaguarnera, M. & Motta, L., Italian Multicenter

Study on Centenarians (IMUSCE). Successful aging in centenarians: myths and
reality. Arch. Gerontol. Geriatr. 40, 241–251 (2005).

2. Aguilar, M., Bhuket, T., Torres, S., Liu, B. & Wong, R. J. Prevalence of the metabolic
syndrome in the United States, 2003–2012. JAMA 313, 1973–1974 (2015).

3. Ford, E. S., Giles, W. H. & Dietz, W. H. Prevalence of the metabolic syndrome
among US adults: findings from the third National Health and Nutrition Exam-
ination Survey. JAMA 287, 356–359 (2002).

4. Hotamisligil, G. S. Inflammation and metabolic disorders. Nature 444, 860–867
(2006).

5. Phillips, C. M. et al. Dietary fat, abdominal obesity and smoking modulate the
relationship between plasma complement component 3 concentrations and
metabolic syndrome risk. Atherosclerosis 220, 513–519 (2012).

6. Liu, J. et al. Genetic deficiency and pharmacological stabilization of mast cells
reduce diet-induced obesity and diabetes in mice. Nat. Med. 15, 940–945 (2009).

7. Wang, Z. et al. Immunoglobulin E and mast cell proteases are potential risk
factors of impaired fasting glucose and impaired glucose tolerance in humans.
Ann. Med. 45, 220–229 (2013).

8. Muscari, A. et al. Serum C3 is a stronger infammatory marker of insulin resistance
than C-reactive protein, leukocyte count, and erythrocyte sedimentation rate:
comparison study in an elderly population. Diabetes Care 30, 2362–2368 (2007).

9. Nilsson, B. et al. C3 and C4 are strongly related to adipose tissue variables and
cardiovascular risk factors. Eur. J. Clin. Invest. 44, 587–596 (2014).

10. Grundy, S. M. et al. Diagnosis and management of the metabolic syndrome: an
American Heart Association/National Heart, Lung, and Blood Institute scientifc
statement: executive summary. Circulation 112, 2735–52 (2005).

Fig. 1 Relationship network and data basis. a Relationship network
between immunological markers, metabolic syndrome, abdominal
obesity, and centenarian longevity in the oldest-old population.
b Prevalence rates of metabolic syndrome and abdominal obesity
and immunoglobulin E (IgE) and complement component 3 (C3)
and 4 (C4) levels in centenarians and other oldest-old individuals
(<100 years). c IgE, C3, and C4 levels of centenarians with and
without metabolic syndrome. d IgE, C3, and C4 levels of
centenarians with and without abdominal obesity
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