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(I-IGT), and mixed IFG/IGT are three categories of pre-diabetes 
(2). Increasing evidence suggests that I-IFG and I-IGT represent 
diff erent populations with more or less overlapping subclinical 
characteristics and pathophysiological basis, and that, compared 
with I-IFG and I-IGT, mixed IFG/IGT seems to represent a more 
advanced stage of pre-diabetes that bears a distinctly higher risk of 
conversion to diabetes and other co-morbid diseases — although 
the precise mechanism for this conversion is unknown (2 – 7). 
Recent studies have focused on the infl ammatory risk factors of 
pre-diabetes (8 – 12). Elevated plasma levels of infl ammatory high-
sensitivity C-reactive protein (hsCRP), a common risk factor and 
biomarker of cardiovascular diseases, may predict the develop-
ment of type 2 DM (13,14). Mast cells are essential components 
of asthma and allergic responses (15,16), and we have shown that 
these cells play important roles in diet-induced obesity and type 
2 DM in mice (17). One of the most popular mechanisms of mast 
cell activation is their release of histamine, the mast cell-specifi c 
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    Key messages    

 Plasma levels of hsCRP, IgE, and mast cell protease  •
chymase are signifi cantly higher in patients with pre-
diabetes than in those with normal blood glucose levels.   
 Plasma levels of hsCRP, IgE, and chymase are signifi cant  •
risk factors of human pre-diabetes before and aft er 
adjustment for common diabetes risk factors.   
 Interactions between plasma hsCRP and IgE levels  •
with metabolic parameters increase further the risk 
of pre-diabetes.     

  Aim.  Mast cells are important in experimental diabetes. Plasma 
levels of immunoglobulin E (IgE), tryptases, and chymases are 
infl ammatory markers of human diabetes. Whether they also cor-
relate with the risk of pre-diabetes, however, remains unknown.   
  Methods and results.  A total of 260 subjects 55 – 75 years of age were 
grouped as normal glucose tolerance (NGT), isolated impaired 
fasting glucose (I-IFG), isolated impaired glucose tolerance (I-IGT), 
and mixed IFG/IGT. There were signifi cant diff erences in plasma 
levels of high-sensitivity C-reactive protein (hsCRP) ( P   �  0.001) 
and IgE ( P    �     0.003) among all subgroups of pre-diabetes, and chy-
mase in I-IGT ( P    �     0.043) and mixed IFG/IGT ( P    �     0.037) subgroups 
compared with NGT group. High-sensitivity CRP was a risk factor 
in all subgroups of pre-diabetes; IgE was a risk factor of mixed 
IFG/IGT; and chymase was a risk factor of I-IGT and mixed IFG/IGT. 
Interactions between hsCRP and high waist circumference (WC), 
waist-to-hip ratio (WHR), or HOMA- β  index, and interactions bet-
ween IgE and high WC or tryptase levels all increased further the 
risk of developing I-IFG, I-IGT, or mixed IFG/IGT.   
  Conclusion.  Plasma hsCRP, IgE, and chymase levels associate with 
pre-diabetes status. While hsCRP, IgE, and chymase are individual 
risk factors of pre-diabetes, interactions with metabolic param-
eters increased further the risk of pre-diabetes.   

  Key words:   Chymase, C-reactive protein, immunoglobulin E, 
pre-diabetes, tryptase    

  Introduction 

 Pre-diabetes refers to the intermediate states between normal glu-
cose tolerance (NGT) and type 2 diabetes mellitus (type 2 DM) 
and is considered the precursor of type 2 DM (1). Isolated im-
paired fasting glucose (I-IFG), isolated impaired glucose tolerance 
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serine proteases chymase, tryptase, proteoglycan, cytokines, and 
chemokines, by binding immunoglobulin E (IgE) to its high-
affi  nity receptor Fc ε R1 on the cell surface (18 – 21). Many of these 
infl ammatory mediators associate with diabetes (22 – 25). Th e cur-
rent study examines whether IgE and mast cell proteases associate 
with infl ammation and pre-diabetes status in a Chinese popula-
tion from a pre-diabetes study.   

 Methods  

 Study population 

 Th e study is part of the Pre-Diabetes Intervention Project (PDIP), 
begun in 2008 at the School of Medicine, Huzhou Teachers Col-
lege, Zhejiang, China. From July to August 2008, 3163 Chinese 
volunteers, 55 – 75 years of age, from three neighborhood com-
munities in the city of Huzhou, were recruited to participate in 
a health-related risk factor survey. Subjects on medications, and 
subjects who had established DM (either type 1 or type 2 DM), 
cardiovascular disease, cerebrovascular disease, malignant dis-
ease, chronic liver disease, or kidney failure, were excluded. From 
September to December 2008, 1500 volunteers were invited for 
a fasting glucose test and a 2-hour oral glucose tolerance test 
(2h OGTT) as part of the pre-diabetes screening. Of the invited 
subjects, 1197 accepted the invitation and participated in both 
the fasting glucose test and 2h OGTT. Among 1197 volunteers, 
807 (67.42%) were defi ned as NGT subjects, 267 (22.30%) as pre-
diabetes subjects, and 123 (10.28%) as DM subjects. One year 
aft er the initial visit, 267 pre-diabetes subjects and 100 randomly-
selected NGT subjects were invited for anthropometric measure-
ments and clinical tests. A total of 260 subjects participated in the 
fi nal study, among whom 71 subjects were NGT subjects and 189 
were pre-diabetic, including 93 I-IFG subjects, 49 I-IGT subjects, 
and 47 mixed IFG/IGT subjects. Th is study was approved by the 
Huzhou City Ethics Committee, and all subjects gave written, 
informed consent prior to participating in the study.   

 Data collection 

 Demographic data (age and sex), anthropometric measurements 
(body weight and height, waist and hip circumferences), and 
blood pressure were collected from each participant when test-
ing fasting glucose and 2h OGTT. Th e biochemical parameters 
were measured in the Clinical Biochemistry Unit of Huzhou First 
Hospital, a teaching hospital of the School of Medicine. Plasma 
chymase and tryptase levels were determined as described previ-
ously (26). Details of the study data collection have been reported 
elsewhere (25).   

 Clinical criteria 

 Pre-diabetes patients were grouped according to American 
Diabetes Association 2003 (ADA 2003) criteria (1). Pre-diabetes 
was defi ned as fasting plasma glucose (FPG)  �    5.6 and  �    7.0 
mmol/L, or 2h OGTT  �    7.8 and  �    11.1 mmol/L. I-IGT classi-
fi cation indicates that the 2h OGTT level was between 7.8 and 
11.0 mmol/L and the FPG level was less than 5.6 mmol/L; I-IFG 
classifi cation indicates that the 2h OGTT level was less than 
7.8 mmol/L and the FPG level was between 5.6 and 7.0 mmol/L; 
mixed IFG/IGT classifi cation indicates that the 2h OGTT 
level was between 7.8 and 11.0 mmol/L and the fasting plasma 
glucose (FPG) level was between 5.6 and 7.0 mmol/L. Sub-
jects were classifi ed as having a normal glucose profi le if FPG 
 �    5.6 mmol/L and 2h OGTT  �    7.8 mmol/L. 

 Based on China 2006 Blood Pressure Control Criteria and 
China Prevention and Treatment Classifi cation Recommenda-
tion on Dyslipidemia (27), hypertension was defi ned as systolic 
blood pressure (SBP) and/or diastolic blood pressure (DBP) 
 �    140/90 mmHg, or as receiving blood pressure-lowering 
medications; high triglyceride (TG) was defi ned as a fasting 
plasma TG  �    1.70 mmol/L; low HDL-c as a fasting HDL-c 
 �    0.9 mmol/L; high total cholesterol (TC) as TC  �    5.72 mmol/L; 
and low LDL-c as a fasting LDL-c  �    3.64 mmol/L. Based on 
the China Obesity Task Group Recommendation (28), general 
obesity was classifi ed as body mass index (BMI)  �    28 kg/m 2 , 

  Table I. Biochemical and anthropometric parameters in 260 subjects with varying glucose status, grouped according to 
fasting and post-load glucose levels.  

Parameters NG   ( n    �     71) I-IFG   ( n    �     93) I-IGT   ( n    �     49)
Mixed IFG/IGT 

  ( n    �     47)

Age (years) a 65.13    �    6.17 65.29    �    6.13 66.9    �    5.64 64.63    �    5.89
Sex (% male) 21.1 28.6 31.3 39.1 c 
Fasting glucose (mmol/L) b 4.98 (4.60 – 5.19) 5.92 (5.86 – 5.99) c 5.13 (5.02 – 5.23) c, d 6.03 (5.93 – 6.12) c, e 
2h OGTT (mmol/L) b 5.53 (5.25 – 5.83) 5.93 (5.71 – 6.16) c 8.84 (8.54 – 9.11) c, d 9.01 (8.75 – 9.27) c, d 
SBP (mmHg) a 134.00    �    15.89 137.04    �    17.91 142.76    �    15.39 c 140.72    �    18.38 c 
DBP (mmHg) a 77.93    �    7.41 77.48    �    9.25 80.85    �    9.28 80.63    �    9.16
WC (cm) b 79.61 (77.75 – 81.51) 82.79 (80.73 – 84.91) c 83.22 (80.77 – 85.74) c 83.33 (81.10 – 85.61) c 
HC (cm) b 91.65 (90.05 – 93.28) 93.07 (91.77 – 94.39) 92.53 (91.15 – 93.93) 93.25 (91.62 – 94.92)
WHR  b 0.87 (0.86 – 0.88) 0.89 (0.87 – 0.91) c 0.90 (0.88 – 0.92) c 0.89 (0.88 – 0.91) c 
BMI (kg/m 2 ) a 23.52    �    3.39 24.19    �    3.88 24.41    �    2.99 24.57    �    3.18
TC (mmol/L) b 4.80 (4.60 – 5.01) 4.92 (4.73 – 5.13) 5.10 (4.83 – 5.39) 4.74 (4.42 – 5.09)
TG (mmol/L) b 1.22 (0.79 – 1.79) 1.44 (1.26 – 1.64) 1.58 (1.33 – 1.87) 1.41 (1.22 – 1.62)
HDL-c (mmol/L) b 1.23 (1.06 – 1.42) 1.26 (1.20 – 1.32) 1.22 (1.16 – 1.29) 1.13 (1.06 – 1.21) c, d 
LDL-c (mmol/L) b 2.43 (2.04 – 3.00) 2.42 (2.29 – 2.56) 2.53 (2.34 – 2.72) 2.50 (2.32 – 2.70)
Fasting insulin (mU/L) b 5.54 (4.82 – 6.37) 6.00 (5.32 – 6.77) 6.95 (5.99 – 8.05) c 6.44 (5.69 – 7.29)
HOMA- β  index b 83.86 (72.35 – 97.21) 49.74 (43.98 – 56.26) c 87.19 (74.11 – 102.59) 51.21 (45.16 – 58.07) c, e 
HOMA-IR index b 1.14 (0.75 – 1.88) 1.58 (1.40 – 1.78) c 1.58 (1.36 – 1.84) c 1.72 (1.52 – 1.96) c 

    2h OGTT    �    2 hour oral glucose tolerance test; BMI    �    body mass index; DBP    �    diastolic blood pressure; FPG    �    fasting 
plasma glucose; HC    �    hip circumference; HDL-c    �    high-density lipoprotein cholesterol; HOMA    �    homeostasis model 
assessment; I-IFG    �    isolated impaired fasting glucose; I-IGT    �    isolated impaired glucose tolerance; LDL-c    �    low-density 
lipoprotein cholesterol; Mixed IFG/IGT    �    mixed impaired fasting glucose and impaired glucose tolerance; NG    �    nor-
mal glucose; SBP    �    systolic blood pressure; TC    �    total cholesterol; TG    �    triglyceride; WC    �    waist circumference; 
WHR    �    waist-to-hip ratio.  
   a Variable is described using mean and standard deviation and tested using ANOVA.   
  b Variable is described using median and interquartile range, and tested using the Kruskal – Wallis  H  test.   
  c,d,e  P   �    0.05 compared with the normal glucose c , IFG d , and IGT groups e .   
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   IgE and mast cell proteases in human pre-diabetes   3

and central obesity was defi ned as a waist circumference (WC) 
 �    80 cm in females or 85 cm in males. Waist-to-hip ratio 
(WHR) was classifi ed as normal or abnormal according to the 
upper quartile (P 75     �    0.92). Homeostasis model assessment –
 insulin resistance (HOMA-IR    �    value of FPG  �  value of fasting 
insulin/22.5) was classifi ed as normal or abnormal according 
to the upper quartile (P 75     �    2.23), and homeostasis model 

assessment- β  cell function (HOMA- β     �    20  �  value of fast-
ing insulin/(FPG – 3.5)) was classifi ed as normal or abnormal 
according to the bottom quartile (P 25     �    43.05). Hyperinsulinemia 
was classifi ed as normal or abnormal according to the upper 
quartiles (P 75     �    9.28 mIU/L). High-sensitivity CRP was clas-
sifi ed as normal or abnormal according to the upper quartile 
(P 75     �    8.0 mg/L). IgE was classifi ed as normal or abnormal 

  Figure 1.     Box plots of hsCRP, IgE, chymase, and tryptase among NGT patients and patients with diff erent categories of pre-diabetes. A: Plasma hsCRP levels 
from NGT, I-IFG, I-IGT, and mixed IFG/IGT patients. B: Plasma IgE levels from the same four categories. C: Plasma IgE levels in male subjects. D: Plasma 
IgE levels in female subjects. E: Plasma chymase levels. F: Plasma tryptase levels. All data are mean  �  SD.  P   �  0.05 was considered statistically signifi cant; 
non-parametric Mann – Whitney  U  test. Non-signifi cant comparisons are not shown.  

  Table II. Th e associations of diff erent variables with I-IFG, I-IGT, or mixed IFG/IGT — binary logistic regression 
model.  

Variable

I-IFG versus NGT I-IGT versus NGT Mixed IFG/IGT versus NGT

OR (95.0% CI) a Sig OR (95.0% CI) a Sig OR (95.0% CI) a Sig

Age 0.999 (0.531 – 1.879) 0.997 1.447 (0.664 – 3.152) 0.353 0.524 (0.250 – 1.099) 0.087
Sex 1.475 (0.721 – 3.017) 0.287 1.676 (0.736 – 3.818) 0.219 2.289 (1.021 – 5.129) 0.044
Hypertension 1.237 (0.662 – 2.313) 0.505 2.644 (1.253 – 5.578) 0.011 1.888 (0.898 – 3.971) 0.094
BMI 1.552 (0.497 – 4.853) 0.449 2.356 (0.702 – 7.909) 0.165 2.477 (0.736 – 8.331) 0.143
WC 2.687 (1.426 – 5.064) 0.002 1.664 (0.798 – 3.469) 0.175 2.090 (0.989 – 4.418) 0.053
WHR 3.853 (1.695 – 8.757) 0.001 3.437 (1.359 – 8.695) 0.009 2.588 (0.993 – 6.747) 0.052
TC 1.908 (0.900 – 4.043) 0.092 1.101 (0.430 – 2.816) 0.842 0.978 (0.372 – 2.574) 0.965
TG 1.328 (0.698 – 2.527) 0.387 1.275 (0.597 – 2.725) 0.531 1.204 (0.559 – 2.595) 0.635
HDL-c 0.810 (0.271 – 2.421) 0.705 0.422 (0.084 – 2.124) 0.296 1.422 (0.447 – 4.522) 0.551
LDL-c 2.523 (0.257 – 24.767) 0.427 8.605 (0.973 – 76.095) 0.053 6.884 (0.745 – 63.590) 0.089
Fasting insulin 1.397 (0.681 – 2.867) 0.362 1.676 (0.736 – 3.818) 0.219 0.873 (0.351 – 2.176) 0.771
HOMA- β  index 3.135 (6.623 – 1.479) 0.003 0.477 (0.144 – 1.577) 0.225 2.463 (5.882 – 1.031) 0.043
HOMA-IR index 2.012 (0.952 – 4.252) 0.067 1.590 (0.656 – 3.854) 0.305 2.023 (0.852 – 4.805) 0.110
HsCRP 4.387 (1.789 – 10.757) 0.001 5.327 (2.005 – 14.156) 0.001 5.505 (2.067 – 14.659) 0.001
IgE 1.389 (0.654 – 2.951) 0.392 1.981 (0.853 – 4.599) 0.112 2.957 (1.299 – 6.731) 0.010
Chymase 1.584 (0.704 – 3.568) 0.267 2.862 (1.186 – 6.907) 0.019 3.142 (1.310 – 7.541) 0.010
Tryptase 1.261 (0.589 – 2.699) 0.551 1.942 (0.833 – 4.528) 0.124 1.584 (0.667 – 3.764) 0.298

     a Unadjusted odds ratio (95% confi dence intervals).   
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comparison demonstrated that the I-IFG, I-IGT, and mixed 
IFG/IGT groups had a signifi cantly higher hsCRP levels than 
the NGT group did ( P   �  0.001,  P   �  0.001, and  P   �  0.001, re-
spectively) (Figure 1A). Plasma IgE levels also were increased 
signifi cantly in all subgroups of hyperglycemia, versus the NGT 
group ( P    �      0.003). Individual group comparison showed that 
both the I-IFG and mixed IFG/IGT groups had signifi cantly 
higher levels of IgE than did the NGT group ( P    �      0.029 and 
 P    �      0.008, respectively) (Figure 1B). Based on the upper 
quartile values (P 75 ) of hsCRP (P 75     �    8.0 mg/L), IgE (P 75     �    55 
IU/L), chymase (P 75     �    26.42  μ g/mL), and tryptase (P 75     �    2.65 
ng/mL) for normal and abnormal levels, we performed the 
chi-square test and found no signifi cant diff erences in hsCRP 
distribution (chi-square    �    0.517,  P    �     0.472), chymase distribu-
tion (chi-square    �    2.235,  P    �     0.135), or tryptase distribution 
(chi-square    �    1.622,  P    �     0.203), but signifi cant diff erences in 
IgE distribution between men and women (18 IU/L (P 25     �    5 
IU/L, P 75     �    95 IU/L) versus 14 IU/L (P 25     �    5 IU/L, P 75     �    48 
IU/L)) (chi-square    �    9.162,  P    �     0.002). Th is observation is 
consistent with the results of prior studies, that plasma IgE 
levels are oft en signifi cantly higher in men than in women —
 either in cases (e.g. glioma) or in controls (29) — although 
currently we have no explanation for these sex diff erences. 
We therefore compared plasma IgE levels according to sex. In 
men, plasma IgE levels were signifi cantly increased in all sub-
groups of hyperglycemia versus the NGT group ( P    �      0.003). 
Among the hyperglycemia subjects, those with mixed IFG/
IGT exhibited a signifi cantly higher level of IgE than the NGT 
group ( P    �     0.020) (Figure 1C). In women, plasma IgE levels 
also were signifi cantly increased in all subgroups of hyperglyce-
mia, versus the NGT group ( P    �     0.042) (Figure 1D). I-IGT and 
mixed IFG/IGT groups exhibited a signifi cantly higher level of 
plasma chymase than those in the NGT group ( P    �     0.043 and 
 P    �     0.037, respectively) (Figure 1E). Plasma tryptase levels were 
not signifi cantly diff erent, however, between any comparison 
groups (Figure 1F).   

 The associations of plasma hsCRP, IgE, chymase, 
or tryptase with pre-diabetes 

 Among all tested variables, most are risk factors of both car-
diovascular events and metabolic diseases — including age, sex, 
hypertension, body weight (BMI, WC, WHR), lipid profi les (TC, 

according to the upper quartile (P 75     �    55 IU/L). Chymase was 
classifi ed as normal or abnormal according to the upper quartile 
(P 75     �    26.42  μ g/mL). Tryptase was classifi ed as normal or 
abnormal according to the upper quartile (P 75     �    2.65 ng/mL).   

 Statistical analysis 

 Th e mean and standard deviation (mean  �  SD) of continuous 
and normal distributional variables, and median and interquartile 
range of continuous but skewed distributional variables, were 
used. Data were analyzed using one-way analysis of covariance 
(ANOVA), chi-square test, Kruskal – Wallis test, Mann – Whitney 
 U  test, or binary logistic model. All statistical analysis was con-
ducted using SPSS statistical soft ware (version 11.0).    

 Results  

 Population distribution 

 Basic characteristics of the 260 participants 55 – 75 years of age 
are shown in Table I. Of the participants, the average age of the 
96 men was 68.05    �    5.19 years, and the average age of the 164 
women was 64.49    �    6.04 years. Th ere was a signifi cant diff er-
ence in age between men and women ( t     �    4.481,  P   �  0.001); 
71 (27.3%) were classifi ed as NGT subjects, 93 (35.8%) as I-IFG 
subjects, 49 (18.8%) as I-IGT subjects, and 47 (18.1%) as mixed 
IFG/IGT subjects. One-way ANOVA, Kruskal – Wallis test, or 
chi-square test demonstrated that, compared with normogly-
cemic subjects, those with pre-diabetes generally had more ad-
verse risk factor profi les with signifi cantly worse fasting glucose, 
2h OGTT, SBP, WC, WHR, fasting insulin,  β -cell sensitivity 
(marked as HOMA- β  index), and insulin resistance (marked 
as HOMA-IR index) (Table I). When the anthropometric and 
biochemical parameters were compared between pre-diabetes 
subgroups, only fasting glucose, 2h OGTT, and HOMA- β  index 
were higher in mixed IFG/IGT than in IGT or IFG. No sig-
nifi cant diff erences existed among the subgroups on other risk 
factor profi les (Table I). 

 Th e Mann – Whitney  U  test was used to examine the dif-
ferences in hsCRP, IgE, chymase, and tryptase between NGT 
subjects and those with diff erent pre-diabetes status. High-
sensitivity CRP was signifi cantly increased in all hyperglycemia 
subgroups, versus NGT subjects ( P   �  0.001). Individual group 

  Table III. Th e associations of diff erent variables with I-IFG, I-IGT, or mixed IFG/IGT — binary logistic regression 
model.  

Variable

I-IFG versus NGT I-IGT versus NGT Mixed IFG/IGT versus NGT

OR (95.0% CI) a Sig OR (95.0% CI) a Sig OR (95.0% CI) a Sig

Age 0.834 (0.430 – 1.619) 0.592 1.310 (0.586 – 2.927) 0.510 0.422 (0.189 – 0.943) 0.035
Sex 1.590 (0.756 – 3.345) 0.222 1.526 (0.656 – 3.549) 0.326 2.861 (1.195 – 6.847) 0.018
Hypertension 1.261 (0.667 – 2.387) 0.476 2.662 (1.215 – 5.831) 0.014 2.494 (1.062 – 5.852) 0.036
BMI 1.597 (0.508 – 5.016) 0.423 2.293 (0.678 – 7.756) 0.182 2.860 (0.816 – 10.018) 0.100
WC 2.799 (1.473 – 5.321) 0.002 1.679 (0.797 – 3.534) 0.173 2.317 (1.054 – 5.094) 0.036
WHR 3.723 (1.599 – 8.668) 0.002 2.871 (1.028 – 8.019) 0.044 1.568 (0.527 – 4.664) 0.418
TC 2.071 (0.942 – 4.551) 0.070 1.096 (0.407 – 2.948) 0.856 1.058 (0.362 – 3.088) 0.918
TG 1.342 (0.698 – 2.579) 0.377 1.182 (0.543 – 2.571) 0.673 1.194 (0.526 – 2.709) 0.672
HDL-c 0.810 (0.263 – 2.495) 0.714 0.366 (0.071 – 1.889) 0.230 1.337 (0.388 – 4.608) 0.646
LDL-c 2.354 (0.235 – 23.603) 0.467 8.521 (0.942 – 77.051) 0.057 5.953 (0.569 – 62.287) 0.136
Fasting insulin 1.428 (0.676 – 3.020) 0.351 1.484 (0.616 – 3.579) 0.379 0.831 (0.292 – 2.362) 0.728
HOMA- β  index 3.344 (7.407 – 1.513) 0.003 0.501 (0.145 – 1.730) 0.274 3.378 (8.929 – 1.282) 0.014
HOMA-IR index 2.094 (0.961 – 4.561) 0.063 1.335 (0.519 – 3.434) 0.549 1.898 (0.718 – 5.019) 0.197
HsCRP 4.540 (1.821 – 11.318) 0.001 5.215 (1.912 – 14.224) 0.001 5.145 (1.829 – 14.473) 0.002
IgE 1.337 (0.617 – 2.899) 0.461 2.011 (0.847 – 4.773) 0.113 2.448 (1.012 – 5.925) 0.047
Chymase 1.559 (0.685 – 3.549) 0.290 3.057 (1.231 – 7.590) 0.016 3.127 (1.218 – 8.030) 0.018
Tryptase 2.071 (0.942 – 4.551) 0.070 1.096 (0.407 – 2.948) 0.856 1.058 (0.362 – 3.088) 0.918

     a Odds ratio (95% confi dence interval) aft er adjustment for age, sex, and BMI.   
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LDL, TG, HDL), and hsCRP. Binary logistic regression analysis 
showed that, before adjustment for age, sex, and BMI, WC (odds 
ratio (OR)    �    2.687,  P    �     0.002), WHR (OR    �    3.853,  P    �     0.001), 
HOMA- β  index (OR    �    3.135,  P     �    0.003), and hsCRP (OR    �    4.387, 
 P     �    0.001) were all signifi cant risk factors of I-IFG; hyperten-
sion (OR    �    2.644,  P     �    0.011), WHR (OR    �    3.437,  P     �    0.009), 
hsCRP (OR    �    5.327,  P     �    0.001), and chymase (OR    �    2.862, 
 P     �    0.019) were signifi cant risk factors of I-IGT; and HOMA- β  
index (OR    �    2.463,  P     �    0.043), hsCRP (OR    �    5.505,  P     �    0.001), 
IgE (OR    �    2.957,  P     �    0.01), and chymase (OR    �    3.142,  P     �    0.01) 
were signifi cant risk factors of mixed IFG/IGT. But none of the 
cholesterol lipid molecules, including total cholesterol (TC), 
triglyceride (TG), HDL, and LDL, associated with any of the pre-
diabetes subgroups, probably due to the exclusion of patients with 
cardiovascular events with and without established diabetes in 
this population. In contrast, among all variables, high hsCRP level 
was a common and signifi cant ( P     �    0.001) risk factor for all three 
pre-diabetes subgroups (Table II), suggesting that pre-diabetes is 
also an infl ammatory event. 

 Aft er adjustment for age, sex, and BMI, WC (OR    �    2.799, 
 P     �    0.002), WHR (OR    �    3.723,  P     �    0.002), HOMA- β  index 
(OR    �    3.344,  P     �    0.003), and hsCRP (OR    �    4.540,  P     �    0.001) 
remained signifi cant risk factors of I-IFG; hypertension 
(OR    �    2.662,  P     �    0.014), WHR (OR    �    2.871,  P     �    0.044), hsCRP 
(OR    �    5.215,  P     �    0.001), and chymase (OR    �    3.057,  P     �    0.016) 
remained signifi cant risk factors of I-IGT; and hypertension 
(OR    �    2.494,  P     �    0.036), WC (OR    �    2.317,  P     �    0.036), HOMA- β  
index (OR    �    3.378,  P     �    0.014), hsCRP (OR    �    5.145,  P     �    0.002), 
IgE (OR    �    2.448,  P     �    0.047), and chymase (OR    �    3.127, 
 P     �    0.018) became signifi cant risk factors of mixed IFG/IGT 
(Table III). None of the cholesterol lipid markers associated with 
pre-diabetes, but higher hsCRP level remained a common risk 
factor of all three pre-diabetes subgroups aft er adjustment (Table 
III). Th ese observations affi  rm the hypothesis that pre-diabetes 
is an infl ammatory disease. High cholesterol may associate with 
cardiovascular events and diabetes (25,30) but did not reach 
statistical signifi cance in pre-diabetic patients, at least in this 
Chinese population. In contrast, both IgE and chymase were 
signifi cant risk factors of pre-diabetes before and aft er adjust-
ment for age, sex, and BMI, whereas plasma tryptase was only a 
weak risk factor for I-IFG (OR    �    2.071,  P     �    0.07) (Table II and 
Table III). We have previously shown that patients with coro-
nary heart disease (CHD) had higher plasma chymase, tryptase, 
and IgE levels than those without CHD, and both tryptase 
( P     �    0.002) and IgE ( P    �     0.001) reached signifi cant diff erences 
between CHD and non-CHD patients (26,31) — suggesting that 
IgE and mast cell proteases participate in the development of 
pre-diabetes, type 2 DM, and cardiovascular events.   

 The associations of the interactions between plasma hsCRP, 
IgE, chymase or tryptase and common cardiovascular risk 
factors with pre-diabetes 

 Binary logistic regression analysis demonstrated that interactions 
between hsCRP and high WC increased further the relationships 
to pre-diabetes before (I-IFG: OR    �    10.580,  P     �    0.002; I-IGT: 
OR    �    12.514,  P     �    0.001; mixed IFG/IGT: OR    �    10.139,  P     �    0.004) 
and aft er (I-IFG: OR    �    10.571,  P     �    0.002; I-IGT: OR    �    12.843, 
 P     �    0.001; mixed IFG/IGT: OR    �    8.491,  P     �    0.010) adjustment 
for age, sex, and BMI (Table IV). Th ese data suggest that patients 
with high hsCRP levels have increased risk of developing I-IFG, 
I-IGT, or mixed IFG/IGT with an OR between 4.387 ( P     �    0.001) 
and 5.327 ( P     �    0.001), and that patients with high CR values have 
an increased risk of developing I-IFG, I-IGT, or mixed IFG/IGT 
with an OR between 1.664 ( P     �    0.175) and 2.687 ( P     �    0.002)   T
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(Table II). Aft er adjustment for age, sex, and BMI, the risk of de-
veloping IFG, I-IGT, or mixed IFG/IGT remained, with an OR 
between 4.540 ( P     �    0.001) and 5.215 ( P     �    0.001) for those with 
high hsCRP, and between 1.679 ( P     �    0.173) and 2.799 ( P     �    0.002) 
for those with high WC (Table III). But the risk of develop-
ing IFG, I-IGT, or mixed IFG/IGT greatly increased to an OR 
between 10.139 and 12.514 among patients with high hsCRP and 
high WC before adjustment — a nearly 2-fold higher risk than that 
among patients with only high hsCRP, and about a 4-fold higher 
risk than among patients with only high WC. Aft er adjustment 
for age, sex, and BMI, the risk of developing all three subgroups of 
pre-diabetes remained high, with an OR between 8.491 and 12.843 
(Table IV). Similarly, interactions between hsCRP and WHR fur-
ther increased the relationships to I-IFG before (OR    �    10.436, 
 P     �    0.027) and aft er (OR    �    11.065,  P     �    0.024) adjustment for age, 
sex, and BMI. Interactions between hsCRP and HOMA- β  index 
further increased the relationships to I-IGT before (OR    �    6.364, 
 P     �    0.001) and aft er (OR    �    6.844,  P     �    0.001) adjustment for age, 
sex, and BMI (Table IV). 

 Using the same binary logistic regression analysis, we dem-
onstrated that interactions between IgE and high WC further 
increased the relationship to I-IGT and mixed IFG/IGT before 
(OR    �    4.204,  P     �    0.023 and OR    �    6.265,  P     �    0.003, respectively) 
and aft er (OR    �    4.321,  P     �    0.024 and OR    �    4.858,  P     �    0.018, 
respectively) adjustment for age, sex, and BMI (Table V). Com-
pared with the risks of developing I-IGT and mixed IFG/IGT when 
only high IgE was concerned — with OR values at 1.981 ( P     �    0.112) 
and 2.957 ( P     �    0.010) before adjustment (Table II), and 2.011 
( P     �    0.113) and 2.448 ( P     �    0.047) aft er adjustment (Table III) —
 IgE interaction with WC doubled the risk of I-IGT and mixed IFG/
IGT before ( P     �    0.023,  P     �    0.003) and aft er ( P     �    0.024,  P     �    0.018) 
adjustment (Table V). When high tryptase was considered as the 
only variable, the OR values for I-IGT and IFG/IGT were 1.942 
( P     �    0.124) and 1.584 ( P     �    0.298), respectively, before adjust-
ment (Table II) and 1.096 ( P     �    0.858) and 1.078 ( P     �    0.918) aft er 
adjustment; combined consideration with IgE and tryptase in-
creased the OR values to 7.179 ( P     �    0.016) and 5.122 ( P     �    0.052), 
more than 3-fold before adjustment, and to 7.303 ( P     �    0.016) and 
5.722 ( P     �    0.048), more than 5-fold increase, aft er adjustment 
(Table V). When chymase was considered as an independent risk 
factor, the risks of developing I-IGT and mixed IFG/IGT had OR 
values at 2.862 ( P     �    0.019) and 3.142 ( P     �    0.010) before adjust-
ment (Table II), and 3.057 ( P     �    0.016) and 3.127 ( P     �    0.018) aft er 
adjustment (Table III). When hypertension was considered alone, 
the risks of having I-IGT and mixed IFG/IGT had OR values 
at 2.644 ( P     �    0.011) and 1.888 ( P     �    0.094) before adjustment 
(Table II), and 2.662 ( P     �    0.014) and 2.494 ( P     �    0.036) aft er ad-
justment (Table III). Interactions between chymase and hyper-
tension, however, increased the risk of developing I-IGT and 
mixed IFG/IGT — with OR values of 3.662 ( P     �    0.028) and 3.722 
( P     �    0.025) before adjustment, and 3.775 ( P     �    0.026) and 5.355 
( P     �    0.009) aft er adjustment (Table VI). In contrast, interactions 
between tryptase and diff erent variables did not further increase 
the relation to pre-diabetes (Table VII).    

 Discussion 

 Accumulating evidence indicates that obesity, sedentary lifestyle, 
high-fat and saturated fatty acid-rich diets, age, sex, hyperten-
sion, dyslipidemia, insulin resistance, decreased  β -cell sensitivity, 
hyperinsulinemia, hemoglobin A1c, and hsCRP are all risk factors 
for type 2 DM and pre-diabetes (6,32 – 40). Infl ammatory cells and 
pro-infl ammatory mediators from these cells are important play-
ers in the pathogenesis of pre-diabetes and type 2 DM (40 – 42). In-
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creased plasma hsCRP levels predict newly developed metabolic 
syndrome (43) and correlate with type 2 DM (44 – 47) and pre-
diabetes (15,48). In a follow-up study of European-American 
patients with type 2 DM, baseline CRP levels were signifi cantly 
higher in deceased patients than in surviving patients (9.37    �    
15.94 mg/L versus 5.36    �    7.91 mg/L,  P   �  0.0001), therefore pre-
dicting type 2 DM-associated mortality (49). IgE oft en associates 
with allergic responses. Several small human population studies 
indicate an association between plasma IgE levels and coronary 
heart diseases (50,51). Our prior study of two independent Chi-
nese populations (982 patients from Central China and 240 pa-
tients from Eastern China) demonstrated that plasma IgE levels 
were highest among patients with acute myocardial infarction, 
followed by those with unstable angina pectoris — nearly twice 
as high as in patients with stable angina pectoris and in normal 
subjects (31). IgE is the most popular activator of mast cells (52), 
which are essential in type 2 DM (17). Increased levels of IgE in 
plasma or tissues may activate mast cells and increase mast cell 
mediators in the extracellular milieu. But mast cell functions in 
diabetes are complicated, depending on the subtypes of this meta-
bolic disease. Although there has been no direct examination of 
how mast cells contribute to human type 1 DM, they can be either 
benefi cial or detrimental in experimental type 1 DM. Alloxan- or 
streptozotocin-induced type 1 DM in rats associates with reduc-
tion of both total and activated pleural mast cells and overexpres-
sion of corticosteroids, which inhibits tissue cytokine and stem 
cell factor expression, thereby reducing mast cell population. 
Th ese diabetic animals are resistant to allergic infl ammatory 
responses. IgE levels, and possibly chymase and tryptase levels, 
are suppressed in these rats. Th is benefi cial role of mast cells is 
consistent with the observation that children with type 1 DM are 
partially protected from asthma. But mast cell functions can be dif-
ferent in biobreeding (BB) rats, non-obese diabetic (NOD) mice, 
and  DR  lyp/lyp  rats — all of which develop spontaneous type 1 DM. 
Development of diabetes in BB rats associates with increased mast 
cells in the pancreatic islets. In  DR  lyp/lyp  rats, mast cell stabilization 
with cromolyn delays the onset of type 1 DM. Mechanistically, 
mast cells play a detrimental role by activating T cells in these ani-
mals. Our recent review summarized various functions of mast 
cells in type 1 DM (53). In contrast, relatively less information is 
available regarding the role of mast cells in type 2 DM. We have 
recently demonstrated that in both diet-induced (17) and geneti-
cally generated  ob/ob  (Shi, unpublished observation) obese mice, 
development of type 2 DM associates with increased mast cells 
in white adipose tissue, the liver, and the gastrointestinal tract, 
although we did not measure plasma or tissue IgE, chymase, or 
tryptase levels. Mast cell defi ciency or stabilization with cromolyn 
or ketotifen (Zaditor) prevents the onset of diet-induced type 2 
DM. In this experimental type 2 DM, mast cells release interleu-
kin 6 and interferon- γ  to stimulate cysteinyl protease cathepsin 
expression and promote angiogenesis (17). In humans, kidneys 
from patients with type 2 DM contain high levels of chymase (54). 
Due to the complexity of mast cell functions in type 1 DM, and as 
all current available evidence suggests a detrimental role of mast 
cells in type 2 DM, this study focuses on only patients with pre-
diabetes, a precursor to type 2 DM (1). 

 We recently reported that plasma levels of hsCRP, IgE, and 
chymase associate with diabetes status. Interactions of hsCRP 
and IgE with mast cell chymase increased the relationships to 
diabetes and pre-diabetes (25). We have not examined, however, 
whether these mast cell-associated molecules are also important 
risk factors for diff erent pre-diabetes subsets in humans. Th is 
study examined the hypothesis that patients with pre-diabetes 
have higher plasma hsCRP, IgE, and mast cell chymase and 
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tryptase levels than those in non-diabetic controls, and that, 
therefore, these infl ammatory molecules are important risk fac-
tors for pre-diabetes. As discussed, hsCRP is a well-known risk 
factor of diabetes and pre-diabetes; this study demonstrated that 
plasma IgE and chymase are also higher in patients with pre-
diabetes than in non-diabetic subjects. IgE and chymase were 
both signifi cant risk factors for pre-diabetes (Figure 1). Interac-
tions of these individual risk factors with other known diabetic 
risk factors — such as WC, WHC, HOMA- β  index, hypertension, 
and mast cell tryptase — greatly increased the impact of these 
mast cell-associated molecules on pre-diabetes I-IFG, I-IGT, or 
mixed IFG/IGT. 

 High-sensitivity CRP is a common infl ammatory biomarker 
(55), and diabetes is considered a chronic infl ammatory disease 
(56). Increased hsCRP in diabetic and pre-diabetic patients 
may refl ect the degree of infl ammation among these patients. 
High plasma levels of chymase and tryptase in pre-diabetic and 
diabetic patients (25) suggest an activation of mast cells among 
these patients. Th is hypothesis is consistent with the observa-
tion that plasma IgE levels decreased from diabetic patients, to 
pre-diabetic patients, to normal control subjects (25). Th ere-
fore, one potential role of increased IgE in pre-diabetic and 
diabetic patients is mast cell activation. Activated mast cells 
may use surface LFA-1 to enhance T cell proliferation (57), 
which is essential to the pathogenesis of experimental type 2 
DM in mice (58). In human atherosclerotic lesions, we found 
that increased IgE localized not only to mast cells, but also to 
macrophages, smooth muscle cells, and endothelial cells.  In 
vitro , IgE induced expression of infl ammatory cytokines and 
apoptosis in macrophages, smooth muscle cells, and endothe-
lial cells, along with reduced extracellular pH (31). All of these 
events require interaction between IgE and its receptor Fc ε R1. 
Absence of Fc ε R1 protected mice from diet-induced athero-
sclerosis, and macrophages from Fc ε R1-defi cient mice did not 
respond to IgE stimulation (31). In human atherosclerotic le-
sions, we detected acidic pH in areas rich in macrophages and 
IgE (Shi, unpublished observation), suggesting that IgE aff ects 
macrophages in human atherogenesis. Th erefore, as a second 
possible mechanism, IgE may participate in type 2 DM by 
directly activating macrophages or other infl ammatory cells 
without the involvement of mast cells — a hypothesis that mer-
its further investigation. 

 Although larger studies, or independent population studies, 
may be required to affi  rm our observations, this study provides 
evidence that elevated plasma levels of mast cell proteases and 
IgE may serve as important risk factors for human I-IFG, I-IGT, 
and mixed IFG/IGT and biomarkers for monitoring human pre-
diabetes treatment.                    
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