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Aims. Prediabetes has received public attention owing to the increasing prevalence
worldwide. Mounting evidence has indicated that inflammation directly contributed to the
etiology of glucose metabolism disorders. Although immunoglobulins play a crucial role in
immune responses, little research has been done on the link between immunoglobulins
and prediabetes in adults. Hence, the aim of the present study was to explore the
associations between immunoglobulins levels and prevalence of prediabetes in a general
adult population.

Methods. A cross-sectional study was conducted among 8856 adults (mean ± standard
deviation age: 48.4 ± 10.7 years) in Tianjin, China. The serum immunoglobulins concentra-
tions were measured by the immunonephelometric technique. Prediabetes was diagnosed
using the following parameters in accordance with the American Diabetes Association:
fasting plasma glucose, postprandial glucose and glycosylated hemoglobin. The associa-
tions between concentrations of immunoglobulins and the prevalence of prediabetes were
assessed using multiple logistic regression models.

Results. Overall, the prevalence of prediabetes was 37.4% (3311/8856). After controlling for
confounders, compared with the lowest quintile, the odds ratios (95% confidence interval)
of prediabetes for the highest quintile of immunoglobulins (immunoglobulin G, immuno-
globulin E, immunoglobulin M and immunoglobulin A) were as follows: 1.06 (0.91–1.23), 1.31
(1.13–1.52), 0.86 (0.74–1.01), and 1.19 (1.03–1.38) (P for trend were 0.35, <0.0001, 0.04 and 0.02),
respectively.
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Conclusions. Elevated immunoglobulin E and immunoglobulin A levels were indepen-
dently and positively associated with prediabetes prevalence. There was also a trending
association between immunoglobulin M concentrations and prediabetes prevalence.
Further studies are necessary to clarify if there is a causal association of immunoglobulins
in prediabetes or if they reflect early immunologic disturbances in these patients.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Prediabetes is an intermediate state between normal glucose
levels and diabetes. It is defined as having an impaired fasting
glucose (IFG) and/or impaired glucose tolerance (IGT) and/or
glycosylated hemoglobin (HbA1c) of 5.7%–6.4%, according to
the latest guidelines of the American Diabetes Association
(ADA) [1]. The prevalence of prediabetes has risen sharply in
recent decades, primarily as a result of contemporary lifestyle
[2]. A recent national survey conducted in China showed that
493.4 million adults might have had prediabetes in 2010 [3].
Furthermore, individuals with prediabetes have an increased
risk of developing diabetes and cardiovascular disease (CVD)
[4–6]. Preventing the onset and progression of prediabetes is
imperative because of its high prevalence and severity.

Although the precise mechanisms remain unknown,
emerging evidence demonstrated that the activation of the
immune system might be a contributing factor in the
pathology of glucose metabolism disorders [7]. Numerous
pro-inflammatory mediators (cytokines and chemokines)
could cause beta-cells dysfunction [8]. Additionally, these
cytokines activated JUN N-terminal kinase (JNK) and IκB
kinase-β/nuclear factor-κB (IKKβ/NF-κB) pathways that pro-
moted the development of insulin resistance [9].

As the products of B cells, immunoglobulins (Igs) modulate
various protective functions by binding antigens, interacting
with specific receptors and immune mediators, and activating
complement [10,11]. However, insufficient or excessive immu-
noglobulins can endanger human health [12,13]. An experi-
mental animal study demonstrated that B cells and IgG played
a pathogenic role in the promotion of obesity-associated
insulin resistance and glucose intolerance [14]. Some immu-
noglobulins induce pro-inflammatory responses while others
play an anti-inflammatory role in inflammatory activities
[15,16], which is an important contributor to insulin resistance
[9]. Moreover, high glucose concentrations impaired the
function of B-1 cells and resulted in decreased immunoglobulin
secretion in vitro study [17]. Based on these premises, it is
assumed that immunoglobulins may involve in the pathogen-
esis of glucose metabolism disorders. A previous study by us
had found that decreased IgG and IgM and increased IgA levels
were associatedwith type 2 diabetes (T2D) [18]. However, T2D is
a severe progression of a disorder of glucose metabolism. The
diabetic condition itself influences immune responses and
predisposes its sufferers to infectious disease [19]. In addition,
antidiabetic treatment inhibited immune cells proliferation and
cytokine production [20]. Thus, the essential associations
between glucose metabolism disorders and immunoglobulins
may be confused. In contrast, prediabetes is a precursor to overt
diabetes, and most individuals with this early-stage hypergly-
cemia are left untreated [21].
Theaimof thepresent cross-sectional study is to investigatehow
concentrations of immunoglobulins are associated with the preva-
lence of prediabetes among apparently healthy adult population.
2. Methods

2.1. Subjects

Data from the Tianjin Chronic Low-grade Systemic Inflam-
mation and Health (TCLSIH) cohort were used to conduct the
cross-sectional analysis. Began in 2007, TCLSIH is a large
prospective cohort designed to investigate the associations
between chronic low-grade systemic inflammation and
health status of the general population living in Tianjin,
China. Full details of TCLSIH have been described elsewhere
[22]. The study protocol was approved by the Institution
Review Board of Tianjin Medical University. All participants
had provided written informed consent prior to participation.

The baseline data from 2010 to 2015 were used for the
present study. 13,118 subjects received physical examination
including immunoglobulins and blood glucose assessment
over the course of research. From these, we excluded
individuals who lack the data of age, body mass index (BMI)
or white blood cell (WBC) counts (n = 31), or who had diabetes
(n = 1316), cancer history (n = 186), CVD history (n = 991),
inflammatory diseases, such as gastritis, chronic cholecysti-
tis, nephritis, rheumatoid arthritis, gout, immune system
disorders and others (n = 1733) or self-reported asthma (n =
5). Therefore, the final study remained 8856 participants.

2.2. Assessment of Immunoglobulins

Serum immunoglobulins (IgG, IgE, IgM and IgA) concentra-
tions were measured by the immunonephelometric assay
using IMMAGE 800 immunochemistry system (Beckman
Coulter, Brea, CA). The detection limits and measurement
ranges of the analyzer for IgG, IgE, IgM and IgAwere: 33.3 mg/dL
(33.3–21,600 mg/dL), 5 IU/ml (5–30,000 IU/mL), 4.2 mg/dL
(4.2–14,400 mg/dL) and 6.7 mg/dL (6.7–25,200 mg/dL), respec-
tively. Reference intervals among healthy adults provided by
the manufacturer were shown as follows: IgG 51–1560 mg/dL,
IgE < 165 IU/mL, IgM 46–304 mg/dL and IgA 82–453 mg/dL.

2.3. Assessment of Prediabetes

Fasting plasma glucose (FPG) levels were determined with a
glucose oxidase method. Postprandial glucose levels were
measured at 2 h during a 75 g oral glucose tolerance test
(OGTT). HbA1c was measured using a chromatography
analyzer (HLC-723 GB; Tosoh, Tokyo, Japan) [23]. In accordance
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with the ADA criteria, prediabetes was defined as IFG (FPG level
from 5.6 mmol/L to 6.9 mmol/L), or IGT (2-h PG value in the
OGTT of 7.8 mmol/L to 11.0 mmol/L) or HbA1c range of 5.7%–
6.4% [1].

2.4. Assessment of Other Variables

Triglycerides (TG) and total cholesterol (TC) were measured
enzymatically. Low-density lipoprotein (LDL) cholesterol was
assayed using the polyvinyl sulfuric acid precipitation meth-
od and high-density lipoprotein (HDL) cholesterol was
determined by the chemical precipitation method using a
Cobas 8000 modular analyzer (Roche, Mannheim, Germany).
Hyperlipidemia was defined as TC ≥ 5.17 mmol/L or
TG ≥ 1.7 mmol/L or LDL cholesterol ≥ 3.37 mmol/L, or taking
antihyperlipidemic medication. WBC counts including eosin-
ophil proportion were determined on a hematology analyzer
XE-2100 (Sysmex, Kobe, Japan).

Blood pressure (BP) was measured twice with an automatic
electronic sphygmomanometer (Andon, Tianjin, China). The
measurements were obtained from the upper right arm of
participants after a rest of 5 min in a seated position. Themean
of the two readings was calculated. Hypertension was defined
as a systolic blood pressure ≥ 140 mmHg or a diastolic blood
pressure ≥ 90 mmHg, or taking antihypertensive medication.
Anthropometric variables (body height, weight and waist
Table 1 – Age- and sex-adjusted participant characteristics by p

Prediabetes status

No

No. of subjects 5545
Age (y) 45.1 (44.8–45.4) c

Sex (males, %) 53.0
BMI (kg/m2) 24.3 (24.2–24.4)
WBC counts (×1000 cells/mm3) 5.29 (5.26–5.33)
Eosinophil proportion counts (%) 1.79 (1.73–1.84)
Hypertension (%) 27.2
Hyperlipidemia (%) 53.7
IgG (mg/dL) 1185.7 (1179.5–1192.0
IgE (IU/mL) 27.7 (26.7–28.7)
IgM (mg/dL) 98.4 (97.1–99.6)
IgA (mg/dL) 212.3 (210.0–214.7)
Smoking status (%)
Non-smoker 70.4
Smoker 27.3
Ex-smoker 2.32

Drinker (%)
Non-drinker 49.3
Everyday 1.51
Sometime 47.9
Ex-drinker 1.37

Family history of diseases (%)
CVD 39.0
Hypertension 53.2
Hyperlipidemia 6.94
Diabetes 30.0

a BMI, body mass index; WBC, white blood cell; IgG, immunoglobulin G; Ig
A; CVD, cardiovascular disease.
b Analysis of covariance or logistic regression analysis.
c Geometric mean (95% confidence interval) (all such values).
circumference) were measured with a standard protocol.
Weight and height were used to calculate BMI (kg/m2).

Smoking habits, drinking status, medical history and
medications, as well as family history of diseases, were
assessed by a standardized health-related questionnaire.
Smoking status was classified into three categories: “smoker”,
“ex-smoker” or “non-smoker”. Drinking status was defined as
“everyday”, “sometime”, “ex-drinker” or “non-drinker”.

2.5. Statistical Analysis

Kolmogorov–Smirnov (K-S) (n > 2000) test was used to assess
the normality of data. K-S test indicated that data of all
continuous variables were not normally distributed (P < 0.05).
The natural logarithm was applied to transform the data
before analysis. The data became approximately normally
distributed after logarithmic transformation (P > 0.05). Data
were expressed as geometric mean (95% confidence interval,
CI) for continuous variables and percentage for categorical
variables.

We used analysis of covariance (ANCOVA) for continuous
variables and logistic regression analysis for proportional
variables to examine the differences between prediabetes
categories after adjustment for age and gender. We addition-
ally assessed unadjusted characteristics of participants with
and without prediabetes. Moreover, in order to assess the
rediabetes status (n = 8856) a.

P
value b

Yes

3311
51.3 (50.9–51.7) <0.0001
63.5 <0.0001
25.5 (25.4–25.6) <0.0001
5.61 (5.56–5.66) <0.0001
1.78 (1.70–1.86) 0.87
45.8 <0.0001
73.5 <0.0001

) 1183.5 (1175.3–1191.8) 0.68
32.4 (30.9–34.0) <0.0001
95.1 (93.6–96.7) <0.01
218.3 (215.2–221.6) <0.01

64.3 0.56
33.1 0.26
2.56 0.17

47.3 0.29
2.21 0.56
49.0 0.20
1.43 0.90

38.4 0.06
50.8 0.07
6.25 0.71
30.7 0.26

E, immunoglobulin E; IgM, immunoglobulin M; IgA, immunoglobulin
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possible selection bias, we also analyzed the characteristics of
included and excluded participants. The prevalence of predi-
abetes was used as dependent variable and concentrations of
immunoglobulins as independent variables in five quintiles.
In addition, we used multiple logistic regression models to
estimate the associations between quintiles of immunoglob-
ulins (IgG, IgE, IgM and IgA) and prediabetes prevalence.
Because CVD may be a confounding factor in the association
between immunoglobulins and prediabetes, we performed a
sensitivity analysis without excluding participants with CVD
and used CVD as a potential confounder in the final model.
We used statistical software SAS version 9.3 (SAS Institute,
Cary, NC) to perform all analyses. Two-sided P value less than
0.05 was considered statistically significant.
3. Results

Among 8856 individuals, 3311 participants met the criteria
of ADA for prediabetes. The prevalence of prediabetes was
37.4%. Table 1 describes age and sex adjusted characteristics
of participants across categories of prediabetes. When com-
pared to participants without prediabetes, those with predi-
abetes tended to be older, fatter, more likely to be men, higher
rates of hypertension and hyperlipidemia, with higher level of
WBC counts, IgE and IgA, and with lower level of IgM.
However, there was no significant difference on eosinophil
proportion counts, IgG concentration, smoking status, drink-
ing status and family history of diseases including CVD,
hypertension, hyperlipidemia and diabetes. Unadjusted char-
acteristics of participants by prediabetes status were shown
Table 2 – Adjusted associations of quintiles of serum immunog

Quintiles of immunoglobulins

Level 1 Level 2

IgG concentration (mg/dL, range) 420–1000 1010–1130
No. of subjects 1783 1845
No. of prediabetes c 685 685
Multiple adjustedd Reference 0.98 (0.85–1.13) e

IgE concentration (IU/mL, range) 5.00–7.51 7.52–18.0
No. of subjects 1772 1775
No. of prediabetes c 609 600
Multiple adjustedd Reference 0.98 (0.84–1.14)

IgM concentration (mg/dL, range) 4.17–63.4 63.5–84.6
No. of subjects 1774 1774
No. of prediabetes c 774 731
Multiple adjustedd Reference 1.00 (0.87–1.15)

IgA concentration (mg/dL, range) 6.67–153.0 154.0–197.0
No. of subjects 1814 1760
No. of prediabetes c 642 655
Multiple adjustedd Reference 1.07 (0.92–1.24)

a IgG, immunoglobulin G; IgE, immunoglobulin E; IgM, immunoglobulin
b Multiple logistic regression analysis.
c Prediabetes is defined as having impaired fasting glucose (fasting plasm
tolerance (2-h plasm glucose value in the oral glucose tolerance test of 7.
6.4%, according to American Diabetes Association criteria.
d Adjusted for age, sex, bodymass index, white blood cell counts, eosinop
hyperlipidemia and family history of cardiovascular disease, hypertensio
e Adjusted odds ratios (95% confidence interval) (all such values).
in Supplementary Table S1. The results were generally similar
to those summarized in Table 1. However, differences in the
proportion of non-smokers, current smokers, everyday
drinkers, and family history of hypertension became signifi-
cant. Supplementary Table S2 shows the characteristics of the
included and excluded participants. There were significant
differences between included and excluded participants for
the majority variables, except for eosinophil proportion
counts and IgG concentrations.

Table 2 presents the associations between quintiles of
immunoglobulins concentrations and prediabetes preva-
lence. In themultiple adjustedmodel, there was a significant
difference between IgE concentrations and prediabetes
prevalence, adjusted odds ratio (OR) (95% CI) of prediabetes
for the highest quintile of IgE was 1.31 (1.13–1.52). A similar
positive association was observed between high IgA concen-
trations and prevalence of prediabetes (OR: 1.19, 95% CI:
1.03–1.38). Compared with the lowest level, there was a trend
towards a negative association between high IgM levels and
prediabetes prevalence (OR: 0.86, 95% CI: 0.74–1.01, P for
trend = 0.04). However, the association between IgG concen-
trations and prediabetes prevalence was not significant. In
addition, Fig. 1 vividly displays the association between
immunoglobulin concentration and the prevalence of
prediabetes.

Furthermore, we conducted a sensitivity analysis using
CVD as a potential confounding factor in the adjusted model.
The results indicated that compared with the lowest quintile,
the ORs (95% CI) of prediabetes for the highest quintile of IgG,
IgE, IgM and IgA were as follows: 1.08 (0.93–1.25), 1.25
(1.08–1.44), 0.85 (0.73–0.98) and 1.22 (1.06–1.41) (P for trend
lobulins concentrations to prediabetes (n = 8856) a.

concentrations P for
trend b

Level 3 Level 4 Level 5

1140–1230 1240–1380 1390–3860 –
1580 1871 1777 –
584 685 672 –
1.00 (0.86–1.17) 1.03 (0.88–1.19) 1.06 (0.91–1.23) 0.35
18.1–38.4 38.5–100.0 101.0–7380.0 –
1764 1770 1775 –
650 679 773 –
1.07 (0.92–1.25) 1.09 (0.94–1.26) 1.31 (1.13–1.52) <0.0001
84.7–106.0 107.0–141.0 142.0–1100.0 –
1711 1806 1791 –
633 636 537 –
0.93 (0.80–1.08) 0.94 (0.82–1.10) 0.86 (0.74–1.01) 0.04
198.0–241.0 242.0–302.0 303.0–1140.0 –
1702 1785 1795 –
602 662 750 –
1.01 (0.87–1.18) 1.07 (0.93–1.25) 1.19 (1.03–1.38) 0.02

M; IgA, immunoglobulin A.

a glucose level from 5.6 mmol/L to 6.9 mmol/L), or impaired glucose
8 mmol/L to 11.0 mmol/L) or glycosylated hemoglobin range of 5.7%–

hil proportion counts, smoking status, drinking status, hypertension,
n, hyperlipidemia and diabetes.
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were 0.26, <0.001, 0.03 and <0.01), respectively. These results
were similar to our previous analysis.
4. Discussion

This large-scale cross-sectional study firstly assessed the
associations between immunoglobulins concentrations and
the prevalence of prediabetes. The results indicate that the
prevalence of prediabetes was positively associated with IgA
and IgE and had a trending association with IgM. However, no
significant differencewas observed between the prevalence of
prediabetes and concentrations of IgG.

IgG is the major serum immunoglobulin and is responsible
for the recognition and elimination of pathogens. A prospec-
tive study demonstrated that lower IgG to oxidized low-
density lipoprotein was related to markers of glucose metab-
olism [24]. In addition, concentration of IgG was changed in
glucose metabolism disorders [25]. Kaneshige demonstrated
that serum IgG was nonenzymatically glycosylated in glucose
metabolism disorders, and this modification might be related
to the impairment of IgG functions [26]. Contrary to other
studies, our research explicitly demonstrated that there was
no significant association between serum total IgG levels and
prediabetes. However, because a specific IgG was not deter-
mined in present study, further studies are necessary to
explore whether certain antigen-specific IgG is associated
with prediabetes.

Compared with the group without prediabetes, higher
level of IgE was found in subjects with prediabetes, and it was
positively associated with prediabetes. IgE was important in
allergic response and Wang et al. suggested that IgE was a
significant risk factor of prediabetes [27]. One conventional
function of IgE is to activate mast cells. After activation, mast
cells released variousmediators such as histamine, proteases,
cytokines and chemokines [28]. It was demonstrated that
mast cell-derived interleukin-6 and interferon-γ contributed
to disturbance of glucose tolerance [29]. In addition, mast cell
was associated with insulin sensitivity in mast-cell deficient
mouse model [30]. Moreover, in obese subjects, mast cell
could lead to impair insulin sensitivity by promoting obesity
and an inflammatory phenotype in other cells [31]. However,
a recent cross-sectional study conducted with a small
population (n = 560) demonstrated that, compared with the
normal glucose group, the multivariable-adjusted OR for
prediabetes of plasma IgE was 1.41 (0.89–2.24) [32]. Although
there was no significant difference between two groups, the
OR was high. We speculate that the conflicting result may be
due to the small sample size.

Several cross-sectional studies demonstrated that serum
IgE concentrations were elevated in patients with myocardial
infarction and unstable angina pectoris [33,34]. Furthermore,
a recent study reported that there was a significant associa-
tion between IgE concentrations and coronary artery disease
severity [35]. Compared with these observations, the present
study showed serum IgE concentrations were associated with
prediabetes. Mast cells, activated by IgE, release a variety of
substances that may underlie the pathophysiology of predi-
abetes and coronary disease [29,36]. Moreover, it was known
that prediabetes was recognized as an important risk factor
for CVD [37]. Therefore, we hypothesize that serum IgE
concentrations can be used to help predict CVD events due
to their role in glucose metabolism disorders. Further
prospective or clinical studies are necessary to confirm the
hypothesis.

There was a trending association between IgM concentra-
tions and prediabetes prevalence. IgM is the first immuno-
globulin produced by B cells before switching to other isotypes
in an immune response. Prior study demonstrated that
increasing glucose concentrations impaired B-1 cell function
and caused a reduced secretion of IgM [17]. In addition, a
recent study suggested B-1b B cells could attenuate metabolic
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effect through an IgM-dependent way in mice and it was
shown that specific IgM natural antibody was inversely
correlated with insulin resistance in obese subjects [38].

The results showed that serum IgA was positively associ-
ated with the prevalence of prediabetes. IgA, as the predom-
inant antibody on mucosal surfaces and the second abundant
in serum, serves as important parts in immune protection
[39]. IgA plays an important role in mucosal immunity against
intestinal bacteria [11]. A case–control study demonstrated
that composition of intestinal microbiota was changed in
patients with glucose metabolism disorders [40]. The alter-
ation of gut microbiota increased the production of certain
bacterial products, including lipopolysaccharide (LPS) [41].
Toll-like receptors (TLRs) recognized the bacterial products
and activated transcription factor NF-κB [42]. This resulted in
an inflammatory response, characteristic of glucose metabo-
lism disorders [43]. On the other hand, the changes in
intestinal microbiota contributed to activate TLRs, which
stimulated B cells to produce high level of IgA [44]. Therefore,
it is possible that gut microbiota alterations could partially
explain the positive association between IgA concentrations
and glucose metabolism disorders.

Patients with T2D had disease-associated changes in
components of immune system [45]. These alterations may
affect the associations between glucose metabolism disorders
and immunoglobulins. Therefore, added to our previous
study [18], which assessed the association between immuno-
globulins and T2D, we analyzed how immunoglobulins levels
were associated with the prevalence of prediabetes. The
results observed in IgA and IgM were consistent, but IgE and
IgG were discrepant between two studies [18]. These disagree-
ments maybe partially explained by occurrence of hypergly-
cemia or by patient use of antidiabetic treatments [17,20,46],
further investigations will be required to examine exact
mechanisms of immunoglobulins in glucose metabolism
disorders.

The present study appears to be the first to explore the
associations between the concentrations of immunoglobulins
and prediabetes in a large-scale adult population. Further-
more, we controlled for various potential confounders, such
as age, sex, BMI, WBC counts, smoking status, drinking status,
hypertension, hyperlipidemia and family history of CVD,
hypertension, hyperlipidemia and diabetes. Additionally,
eosinophil proportion counts were also considered as a
potential confounder in the final model. Previous studies
have demonstrated that IgE and eosinophils are essential
components of allergic inflammation, and IgE can interact
with eosinophils during an allergic response [47,48].

However, several limitations should be noteworthy. First-
ly, a causal relationship cannot be determined since it is
cross-sectional design. Secondly, although we adjusted for
some potential confounding factors, there are still many
unknown factors, which could influence the concentrations
of immunoglobulin and prediabetes. Furthermore, homeosta-
sis model assessment of insulin resistance (HOMA-IR) is an
indirect marker of insulin resistance [49]. However, because
serum insulin levels were not measured, HOMA-IR cannot be
calculated in the present study. Therefore, further studies are
necessary to evaluate whether immunoglobulins are also
associated with HOMA-IR in a general population. Finally, we
excluded participants with major confounders, such as CVD,
cancer and inflammatory diseases. Because there were
significant differences between included and excluded par-
ticipants, our findings may not apply to a general adult
population. Moreover, we must emphasize that the high
proportion does not reflect the real prevalence of prediabetes
in the population because of the exclusion participants in this
study. However, we believe that it was necessary to exclude
these participants to explore the association between immu-
noglobulins and prediabetes.
5. Conclusions

Elevated IgA and IgE levels were positively associated with the
prevalence of prediabetes, and IgM had a trending association
with prediabetes prevalence in the adult population. The
findings suggested that immunoglobulins might contribute to
prediabetes. Further studies are necessary to clarify if there is
a causal association of immunoglobulins in prediabetes or if
they reflect early immunologic disturbances in these patients.

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.metabol.2017.05.008.
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