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Key Messages

• Several studies have revealed an association between C-reactive protein levels and prediabetes.
• We conducted an in-depth study of C-reactive protein levels in Japanese subjects with differing glycemic statuses.
• Prediabetes was defined as impaired glucose tolerance, impaired fasting glucose or elevated hemoglobin A1C.
• Elevated C-reactive protein was associated with each prediabetes status.
• C-reactive protein was found to be consistently associated with impaired glucose tolerance levels rather than with impaired fasting

glucose or elevated hemoglobin A1C levels.
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a b s t r a c t

Objectives: Prediabetes is a precursor of diabetes and increases the risk for cardiovascular disease. A high
C-reactive protein (CRP) level is a risk factor for diabetes, and individuals with prediabetes have higher
CRP levels than those with normal glucose tolerance. In addition, systemic inflammation may play a role
in the early-phase deterioration of glucose metabolism. We examined the association between serum
CRP levels and prediabetes.
Methods: Overall, 4,101 subjects without diabetes underwent oral glucose tolerance tests. Levels of serum
CRP were divided into quartiles; the lowest quartile was used as the reference when calculating odds
ratios (ORs) and confidence intervals. Isolated fasting glucose, isolated glucose tolerance and elevated
glycated hemoglobin levels (i.e. between 42 and 47 mmol/mol [6.0% to 6.4%]) were indicative of prediabetes.
Results: In the multiple logistic regression analysis, the ORs (95% confidence intervals) for impaired glucose
tolerance, impaired fasting glucose and elevated glycated hemoglobin levels corresponding to the highest
quartile of CRP levels were 1.67 (1.31 to 2.14); 1.62 (1.15 to 2.28); and 1.47 (1.14 to 1.90), respectively. In
the stratified analysis, the ORs for impaired glucose tolerance were consistently higher in the upper-
most quartile than in the reference quartile in both the presence and absence of hypertension or
dyslipidemia. In contrast, the ORs for impaired fasting glucose in the uppermost quartile were higher only
in the presence of hypertension and dyslipidemia, and the OR for elevated glycated hemoglobin levels
in the uppermost quartile was higher only in the presence of hypertension.
Conclusions: Elevated serum CRP levels are associated with prediabetes, particularly impaired glucose tolerance.

© 2018 Canadian Diabetes Association.
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r é s u m é

Objectifs : Le prédiabète est un état précurseur du diabète et augmente le risque de maladie cardiovasculaire.
Un niveau élevé de protéine C réactive (CRP) est un facteur de risque pour le développement du diabète,
et les individus avec un prédiabète ont des niveaux plus élevés de CRP que ceux ayant une tolérance
normale au glucose. En outre, l’inflammation systémique peut jouer un rôle durant la phase précoce de
la dégradation du métabolisme du glucose. Nous avons examiné l’association entre les taux sériques de
CRP et le prédiabète.
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Méthodes : Dans l’ensemble, 4 101 sujets sans diabète ont subi des tests oraux de tolérance au glucose.
Les niveaux de CRP sérique ont été divisés en quartiles; le quartile inférieur a servi de référence pour le
calcul des rapports de cotes (ORs) et des intervalles de confiance. Une glycémie à jeun isolée, une tolérance
au glucose isolée et des taux élevés d’hémoglobine glyquée (c’est-à-dire entre 42 et 47 mmol/mol [6,0%
à 6,4%]) étaient indicatifs d’un état de prédiabète.
Résultats : Dans l’analyse de régression logistique multiple, les ORs (intervalles de confiance à 95%) pour
une anomalie de la tolérance au glucose, une anomalie de la glycémie à jeun et des taux élevés
d’hémoglobine glyquée correspondant au quartile supérieur des niveaux de CRP étaient respectivement
de 1,67 (1,31 à 2,14); 1,62 (1,15 à 2,28); et 1,47 (1,14 à 1,90). Dans l’analyse stratifiée, les ORs pour l’intolérance
au glucose étaient systématiquement plus élevés dans le quartile supérieur que dans le quartile de référence,
tant en présence qu’en absence d’hypertension ou de dyslipidémie. En revanche, les ORs pour une anomalie
de la glycémie à jeun dans le quartile supérieur n’étaient plus élevés qu’en présence d’hypertension et
de dyslipidémie, et l’OR pour les taux élevés d’hémoglobine glyquée dans le quartile supérieur n’était
plus élevé qu’en présence d’hypertension. Conclusions: Des taux sériques élevés de CRP sont associés au
prédiabète, en particulier avec une anomalie de la tolérance au glucose.

© 2018 Canadian Diabetes Association.

Introduction

Type 2 diabetes is an established risk factor for cardiovascular
disease (1). Additional risk factors incude impaired glucose toler-
ance (IGT), impaired fasting glucose (IFG) and glycated hemoglo-
bin (A1C) levels between 42 and 47 mmol/mol (6.0% to 6.4%). All
3 factors are associated with prediabetes, the precursor of diabe-
tes. IGT is defined as a 2-h postload plasma glucose (2-h PG) level
≥6.1 mmol/L (140 mg/dL) (2), and IFG is defined as a fasting glucose
level of 6.1 to 6.9 mmol/L (110 to 125 mg/dL) (3–5). High 2-h PG
levels were found to be associated with increased cardiovascular
mortality, even in subjects with normal glucose tolerance (NGT) (6).

Low-grade chronic inflammation and immunity play key roles
in the pathophysiology of glucose disorders (7,8), and C-reactive
protein (CRP) is a general systemic inflammatory marker. Elevated
CRP levels were found to be correlated with an increased risk for
diabetes in several studies, including a recent systematic review and
meta-analysis (9–12), and with increased 2-h PG and fasting glucose
levels in cross-sectional studies (13–15). Whether CRP levels also
correlate with prediabetes is unclear owing to the availability of only
a few studies that include relatively small sample sizes. Therefore,
this study aimed to evaluate the association between serum CRP
levels and prediabetes in a large Japanese population.

Methods

Study subjects

We analyzed a database of 4,362 subjects who underwent inten-
sive health check-ups between 2004 and 2010 at Ota Memorial Hos-
pital, Ota City, Gunma, Japan. All subjects listed in the database were
local residents or workers employed in the car-manufacturing indus-
try, and almost all had undergone oral glucose tolerance tests. We
excluded 196 subjects with histories of diabetes or diagnoses of dia-
betes based on laboratory test results, and 1 subject with incom-
plete data. Because CRP levels >10 mg/L may be attributable to
systemic infections (16,17), 64 subjects with CRP levels >10 mg/L
were also excluded. Ultimately, our study population comprised
4,101 subjects. This study was approved by the Institutional Review
Board of Ota Memorial Hospital. Because there was no personal infor-
mation in our database, the ethics committee waived the require-
ment for informed consent.

Evaluations and definitions

All subjects underwent anthropometric evaluation, including body
mass index (BMI). The BMIs were calculated as the weight (kg)

divided by the height (m) squared. Systolic and diastolic blood pres-
sures were determined by using a sphygmomanometer (Nippon
COLIN BP-103i II, Tokyo, Japan); 2 consecutive values were recorded
with 5-min intervals of quiet rest in the sitting position between
the 2 measurements, and the average was used in the analysis.

Venous blood was collected after overnight fasting. The serum
levels of CRP, triglyceride, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol and plasma glucose were mea-
sured by using an automated analyzer (AU2700; Olympus, Tokyo,
Japan). A1C levels were measured by using the latex coagulation
method. The A1C values in the database were recorded in the format
used by the Japan Diabetes Society and were converted by using
the formula recommended by the National Glycohemoglobin Stan-
dardization Program: A1C (%)=1.02×A1C (Japan Diabetes Society) (%)
+ 0.25 (18). A1C levels between 42 and 47 mmol/mol (6.0% to 6.4%)
were indicative of prediabetes as stipulated in the National Insti-
tute for Health and Care Excellence guidelines and the Interna-
tional Expert Committee Report (19,20). A1C levels in this range are
referred to as “elevated HbA1c levels.”

Overweight/obesity was defined as a BMI ≥25.0 kg/m2. Hyper-
tension was identified by systolic blood pressure ≥140 mmHg, dia-
stolic blood pressure ≥90 mmHg or the use of antihypertensive
medications. Dyslipidemia was identified by low-density lipopro-
tein cholesterol levels ≥3.626 mmol/L (140 mg/dL), high-density lipo-
protein cholesterol levels <1.036 mmol/L (40 mg/dL), triglyceride
levels ≥1.695 mmol/L (150 mg/dL) or the use of lipid-lowering
medications.

Oral glucose-tolerance test

All subjects underwent an oral glucose-tolerance test in the
morning after an overnight fast. Blood samples were collected
through an indwelling venous catheter before and 2 h after the inges-
tion of a standard dose (75 g) of glucose (Toleran G; Ajinomoto Phar-
maceuticals, Tokyo, Japan), and the plasma glucose levels were
measured. Subjects with diabetes, as determined via the oral glucose-
tolerance test and A1C levels, were excluded from the study. Dia-
betes was defined according to the World Health Organization/
International Diabetes Federation 2006 criteria (2) and the 2009
recommendations of the World Health Organization (21).

This study included subjects with NGT, isolated IFG (I-IFG), iso-
lated IGT (I-IGT) and combined IFG/IGT (C-IFG/IGT). NGT was defined
as a fasting plasma glucose (FPG) level <6.1 mmol/L (110 mg/dL) and
a 2-h PG level <7.8 mmol/L (140 mg/dL). I-IFG was defined as an FPG
level of 7.8 to 11.0 mmol/L (110 to 126 mg/dL), and a 2-h PG level
<7.8 mmol/L (140 mg/dL). I-IGT was defined as an FPG level
<6.1 mmol/L (110 mg/dL), and the 2-h PG level was defined as
7.8 to 11.0 mmol/L (140 to 200 mg/dL). For C-IFG/IGT, the FPG level
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was 7.8 to 11.0 mmol/L (110 to 126 mg/dL) and a 2-h PG level ranging
between 7.8 and 11.0 mmol/L (140 to 200 mg/dL).

Statistical analyses

All statistical analyses were performed by using SPSS 21.0 soft-
ware (IBM SPSS Statistics, Tokyo, Japan). Continuous variables are
expressed as mean ± standard deviation, and variables with a skewed
distribution (CRP and triglycerides) as a median (interquartile range).
Categorical data are expressed as a percentage of the total. Con-
tinuous variables were determined according to glycemic status or
quartiles of serum CRP levels and were compared by using an analy-
sis of variance and the Kruskal-Wallis test, respectively. Post hoc
analyses of the multiple comparisons were performed by using the
Bonferroni correction. Categorical variables measured in those cat-
egories were compared by using the chi-square test. Logistic regres-
sion analyses were used to estimate the odds ratios (ORs) and
corresponding 95% confidence intervals (CIs) for IGT (including I-IGT
and C-IFG/IGT), IFG (including I-IFG and C-IFG/IGT), and elevated
A1C levels after simultaneously controlling for potential confound-
ers. Multiadjusted Model 1 included sex, age and BMI, and
multiadjusted Model 2 included hypertension, dyslipidemia and
current smoking as explanatory variables. We also performed analy-
ses stratified by cardiovascular risk factors (age, sex, overweight/
obesity, hypertension, dyslipidemia or current smoking). CRP levels
were divided into quartiles, and the ORs were estimated using the
lowest quartile as the reference. A p value <0.05 was considered to
indicate statistical significance.

Results

Of the 4,101 subjects (3,107 men and 994 women; age range,
27 to 85 years) in our study, 3,239 had NGT, 171 had I-IFG, 550 had
I-IGT and 141 had C-IFG/IGT. The characteristics of the study sub-
jects according to glycemic status are shown in Table 1. Overall, aver-
aged values were within the normal range. Subjects with I-IFG, I-IGT
or C-IFG/IGT were older and had higher median levels of serum CRP
(0.70 mg/L, p=0.015; 0.70 mg/L, p<0.001; and 0.70 mg/L, p<0.001,
respectively) than subjects with NGT (0.50 mg/L). There were no sig-
nificant differences in the serum CRP levels among the I-IFG, I-IGT

and C-IFG/IGT groups. In addition, these groups had higher BMIs,
systolic and diastolic blood pressures, A1C levels and triglyceride
levels than the NGT group.

Table 2 shows the baseline characteristics of the study’s sub-
jects according to their quartiles of CRP levels. Age, BMI, systolic
and diastolic blood pressure, current smoking prevalence as well
as levels of FPG, 2-h PG, A1C, low-density lipoprotein cholesterol
and triglycerides tended to increase as the serum CRP levels
increased, whereas the high-density lipoprotein cholesterol levels
tended to decrease. The distribution of the plasma glucose catego-
ries is shown in Supplementary Figure 1.

Multiadjusted logistic regression analysis using Model 2 showed
that the highest (Q4; OR 1.67; 95% CI 1.31 to 2.14) and second highest
(Q3; OR 1.33; 95% CI 1.04 to 1.70) quartiles of serum CRP levels were
independently associated with the presence of IGT when compared
with the lowest (reference) quartile (Q1; p for trend <0.001; Table 3).
The highest quartile was also associated with IFG (OR 1.62; 95% CI
1.15 to 2.28), and elevated A1C (OR 1.47; 95% CI 1.14 to 1.90) levels.

In the stratified analyses, overweight/obese (BMI ≥25 kg/m2) sub-
jects in the upper 3 quartiles of serum CRP levels had significantly
higher ORs for IGT than those in the reference quartile (Table 4,
Supplementary Table 1). In contrast, among lean subjects, the OR
for IGT was significant in the uppermost quartile only. Hence, the
overall OR for IGT was much higher in obese subjects than in lean
subjects. The stratified analyses of only lean (BMI <25 kg/m2) sub-
jects is shown in Supplementary Table 2.

In the analyses stratified for hypertension or dyslipidemia, the
results differed according to the prediabetes indicator (IFG or IGT).
The highest quartile of serum CRP levels showed a consistently
higher OR for IGT than the reference quartile in the presence and
absence of hypertension or dyslipidemia (Table 4). In contrast, the
OR for IFG was higher in the presence compared with in the absence
of hypertension or dyslipidemia. In subjects with hypertension, IFG
was associated with the highest and second-highest quartiles of
serum CRP levels (Q4: OR 2.18; 95% CI 1.22 to 3.89; and Q3: OR 1.87;
95% CI 1.03 to 3.37). In subjects with dyslipidemia, IFG was asso-
ciated with the highest quartile only (OR 1.75; 95% CI 1.11 to 2.77).
There was also a weak association between the quartiles of serum
CRP levels and IFG in subjects without hypertension or dyslipidemia.
Elevated A1C levels increased the OR for IFG in subjects with hyper-
tension. In subjects with hypertension, the highest quartile of serum

Table 1
Characteristics of the study’s subjects

Overall NGT I-IFG I-IGT C-IFG/IGT p value

N 4,101 3,239 171 550 141
Male (%) 3,107 (75.8) 2,387 (73.7) *146 (85.4) *448 (81.5) *126 (89.4) <0.001
Age (years) 53±10 52±10 *55±8 *56±10 †55±9 <0.001
BMI (kg/m2) 23.4±3.0 23.2±2.8 †23.9±3.2 *24.3±3.3 *25.2±2.9 <0.001
Systolic BP (mmHg) 128±16 119±15 *127±16 *125±15 *128±16 <0.001
Diastolic BP (mmHg) 73±11 72±11 *77±11 *76±10 *79±11 <0.001
Fasting PG (mmol/L) 5.33±0.50 5.22±0.42 *6.33±0.22 *5.43±0.38 *6.40±0.24 <0.001
2-h PG (mmol/L) 6.37±1.50 5.85±1.05 *6.27±1.00 *8.74±0.82 *9.08±0.96 <0.001
A1C (mmol/mol) 38±3 37±3 *40±3 *39±3 *42 3 <0.001
A1C (%) 5.6±0.3 5.6±0.3 5.8±0.3 5.7±0.3 6.0±0.3
LDL cholesterol (mmol/L) 3.30±0.76 3.29±0.75 3.29±0.82 3.33±0.81 3.42±0.77 0.11
HDL cholesterol (mmol/L) 1.49±0.37 1.51±0.37 1.48±0.37 *1.40±0.35 *1.34±0.31 <0.001
Triglycerides (mmol/L) 1.16 (0.85, 1.67) 1.11 (0.82, 1.59) †1.22 (0.93, 1.75) *1.45 (1.02, 1.99) *,‡1.58 (1.10, 2.08) <0.001
Current smoking, n (%) 1107 (27.0) 884 (27.3) 45 (26.3) 144 (26.2) 34 (24.1) 0.81
CRP (nmol/L) 4.7 (2.9, 9.5) 4.8 (2.9, 8.6) †6.7 (2.9, 11.4) *6.7 (3.8, 11.4) *6.7 (3.8, 11.4) <0.001
CRP (mg/L) 0.50 (0.30, 1.00) 0.50 (0.03, 0.90) 0.70 (0.30, 1.20) 0.70 (0.40, 1.30) 0.70 (0.40, 1.20)

A1C, glycated hemoglobin; BMI, body mass index; BP, blood pressure; C-IFG/IGT, combined impaired fasting glucose and impaired glucose tolerance; CRP, C-reactive protein;
HDL, high-density lipoprotein; I-IFG, isolated impaired fasting glucose; I-IGT, isolated impaired glucose tolerance; LDL, low-density lipoprotein; NGT, normal glucose toler-
ance; PG, plasma glucose.
Note: Data are expressed as mean ± standard deviation, median (interquartile range) or number (percentage of the total).

* p<0.001 compared with NGT subjects.
† p<0.05 compared with NGT subjects.
‡ p<0.01 compared with IFG subjects.
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CRP levels was associated with elevated A1C levels (OR, 1.91; 95%
CI 1.21 to 3.03; Supplementary Table 1).

Discussion

The main finding of the present study was the significant asso-
ciation between elevated serum CRP levels and prediabetes in
middle-aged Japanese adults. CRP levels correlated significantly with
IFG, IGT and elevated A1C levels, all of which are indicators of
prediabetes.

Insulin resistance is an essential prerequisite for diabetogenesis
(22). It is thought to represent a chronic inflammatory state (23,24)
owing to its induction by tumor necrosis factor-alpha, a
proinflammatory cytokine (25,26). Moreover, the presence of
inflammation-induced insulin resistance in subjects without dia-
betes has been documented (27). Our data that associate elevated
levels of CRP, a systemic inflammatory marker, with prediabetes are
consistent with these findings, and we suggest that low chronic
inflammation coexists with glucose intolerance owing to the bol-
stering of insulin resistance. Which prediabetes indicator is most
closely associated with inflammation is unclear. In 2 previous studies,
IGT better correlated with insulin resistance (and hence inflam-
mation) than did IFG (28,29). In a cross-sectional study, IGT and dia-
betes, but not IFG, were associated with elevated levels of plasma
interleukin-6, which is a key proinflammatory cytokine (30).

In our stratified analyses, CRP levels better correlated with IGT
in overweight/obese subjects than in lean subjects. Given the strong
association between obesity and insulin resistance, this finding is
reasonable. Conversely, CRP levels more strongly correlated with
IFG in lean subjects than in overweight/obese subjects.

CRP levels strongly correlated with IGT in both the presence and
the absence of hypertension or dyslipidemia. On the other hand,
they strongly correlated with IFG only in the presence of hyper-
tension or dyslipidemia. These findings are consistent with those
of a previous report (31) and are indicative of a strengthening effect
of hypertension and dyslipidemia on the association between chronic
inflammation and prediabetes. A robust association between the
CRP levels and elevated A1C levels was also observed in subjects
with hypertension.

The present study demonstrates the presence of chronic inflam-
mation in subjects with prediabetes, particularly those with IGT.
Recent studies have shown that even 2-h PG levels in the high-
normal range can increase the risk for cardiovascular disease. Within
normoglycemic range, subjects whose 2-h PG did not return to their
FPG levels during an oral glucose tolerance test had increased risk
of cardiovascular disease, resulting in a high baseline homeostasis
model assessment of the insulin resistance index (32). We reported
an association between high-normal 2-h PG levels and increased
carotid artery intima-media thickness in subjects with NGT (33).
These findings indicate that low-grade inflammation precedes the
development of prediabetes.

Table 2
Baseline characteristics of the study’s subjects according to quartiles of serum C-reactive protein (CRP) levels

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p value

N 1,385 826 986 904
Sex (male, %) 957 (69.1) 640 (77.5) 784 (79.5) 726 (80.3) <0.001
Age (years) 52±10 53±9 53±10 54±10 0.004
BMI (kg/m2) 22.2±2.5 23.3±2.7 24.1±2.8 24.6±3.3 <0.001
Systolic BP (mmHg) 117±15 120±15 122±16 124±16 <0.001
Diastolic BP (mmHg) 71±11 73±11 74±11 75±11 <0.001
Fasting PG (mmol/L) 5.28±0.48 5.32±0.51 5.35±0.51 5.41±0.52 0.002
2-h PG (mmol/L) 6.04±1.43 6.29±1.41 6.56±1.51 6.73±1.56 <0.001
A1C (mmol/mol) 37.4±3.1 37.7±3.3 38.0±3.3 38.5±3.2 <0.001
A1C (%) 5.6±0.3 5.6±0.3 5.6±0.3 5.7±0.3
LDL cholesterol (mmol/L) 3.18±0.72 3.30±0.70 3.36±0.75 3.42±0.85 <0.001
HDL cholesterol (mmol/L) 1.61±0.38 1.51±0.36 1.42±0.33 1.36±0.33 <0.001
Triglycerides (mmol/L) 1.00 (0.75, 1.41) 1.14 (0.86, 1.63) 1.31 (0.93, 1.88) 1.33 (0.95, 1.86) <0.001
Current smoking, n (%) 289 (20.9) 212 (25.7) 304 (30.8) 302 (33.4) <0.001
CRP (nmol/L) 1.90 (0.95, 2.86) 3.81 (3.81, 4.76) 6.67 (5.71, 8.57) 16.19 (12.38, 25.71) <0.001
CRP (mg/L) 0.20 (0.10, 0.30) 0.40 (0.40, 0.50) 0.70 (0.60, 0.90) 1.70 (1.30, 2.70)

A1C, glycated hemoglobin; BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PG, plasma glucose.
Note: Data are expressed as mean ± standard deviation, median (interquartile range) or number (percentage of the total).

Table 3
Association between quartiles of serum C-reactive protein (CRP) levels and prediabetes

Quartiles of serum CRP levels p for trend

Quartile 1 Quartile 2 Quartile 3 Quartile 4

IGT
Crude 1.00 (reference) 1.45 (1.13, 1.87) 1.92 (1.53, 2.42) 2.62 (2.09, 3.29) <0.001
Model 1 1.00 (reference) 1.18 (0.91, 1.53) 1.39 (1.10, 1.77) 1.74 (1.37, 2.22) <0.001
Model 2 1.00 (reference) 1.16 (0.89, 1.51) 1.33 (1.04, 1.70) 1.67 (1.31, 2.14) <0.001

IFG
Crude 1.00 (reference) 1.60 (1.12, 2.28) 1.86 (1.33, 2.59) 2.39 (1.73, 3.30) <0.001
Model 1 1.00 (reference) 1.33 (0.92, 1.91) 1.40 (1.00, 1.97) 1.68 (1.19, 2.36) 0.035
Model 2 1.00 (reference) 1.31 (0.91, 1.89) 1.34 (0.95, 1.89) 1.62 (1.15, 2.28) 0.0086

Elevated A1C
Crude 1.00 (reference) 1.50 (1.16, 1.94) 1.72 (1.35, 2.18) 2.15 (1.70, 2.72) <0.001
Model 1 1.00 (reference) 1.32 (1.02, 1.73) 1.38 (1.07, 1.77) 1.60 (1.24, 2.06) <0.001
Model 2 1.00 (reference) 1.28 (0.99, 1.68) 1.27 (0.98, 1.64) 1.47 (1.14, 1.90) 0.0057

A1C, glycated hemoglobin; CI, confidence interval; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; OR, odds ratio.
Note: Data are expressed as OR (95% CI). Model 1 is adjusted for sex, age and body mass index; Model 2 is adjusted for sex, age, body mass index, hypertension, dyslipidemia
and current smoking.
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This study had a few limitations. First, it included only a small
number of women, and the database used was hospital derived.
Therefore, the results cannot be extrapolated to the general popu-
lation. Second, serum insulin levels were not examined. Third, there
was no information about comorbidities, socioeconomic status,
alcohol consumption or family history of diabetes and cardiovas-
cular disease. Fourth, this study was a cross-sectional design; thus,
causation could not be inferred. Despite these limitations, the study
also provided noteworthy information. By consolidating the data
obtained from oral glucose-tolerance tests performed during health
check-ups of relatively healthy subjects, we were able to demon-
strate the coexistence of inflammation and prediabetes. We note
that previous cross-sectional studies have reported an association
between CRP levels and glycemic status in the Asian population
(34–36). However, the sample population in these studies was rela-
tively small and included only individuals with data regarding NGT
or IGT; moreover, detailed patient information was lacking. Our
in-depth study assessed CRP levels in a large cohort of Japanese sub-
jects with differing glycemic statuses.

Conclusions

Elevated CRP levels are significantly associated with prediabe-
tes, particularly with IGT, in middle-aged Japanese adults. This finding
may provide evidence for the presence of inflammation with pre-
diabetes, particularly IGT, in Japanese subjects. Further studies should

assess the role of inflammation in prediabetes so as to prevent com-
plications of diabetes such as cardiovascular diseases.
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Table 4
Association between quartiles of serum CRP levels and IFG/IGT stratified by cardiovascular risk factors

Quartiles of serum CRP levels p for trend p for interaction

Quartile 1 Quartile 2 Quartile 3 Quartile 4

IGT
Sex

Men (n=3,107) 1.00 (reference) 1.17 (0.87, 1.57) 1.37 (1.04, 1.81) 1.76 (1.34, 2.32) <0.001 0.83
Women (n=994) 1.00 (reference) 1.18 (0.67, 2.09) 1.24 (0.72, 2.16) 1.41 (0.80, 2.47) 0.23

Age
≥55 years (n=1,995) 1.00 (reference) 1.20 (0.85, 1.68) 1.28 (0.93, 1.76) 1.81 (1.32, 2.49) <0.001 0.27
<55 years (n=2,106) 1.00 (reference) 1.15 (0.77, 1.74) 1.48 (1.02, 2.16) 1.65 (1.13, 2.41) 0.0049

BMI
≥25 kg/m2 (n=1,110) 1.00 (reference) 1.33 (0.76, 2.32) 1.91 (1.16, 3.13) 2.73 (1.69, 4.41) <0.001 0.40
<25 kg/m2 (n=2,991) 1.00 (reference) 1.28 (0.95, 1.72) 1.38 (1.03, 1.83) 1.59 (1.18, 2.14) 0.0020

Hypertension
Yes (n=1,023) 1.00 (reference) 1.19 (0.76, 1.85) 2.05 (1.32, 3.19) 1.59 (1.02, 2.49) 0.0089 0.12
No (n=3,078) 1.00 (reference) 1.12 (0.82, 1.53) 1.08 (0.79, 1.49) 1.75 (1.31, 2.33) <0.001

Dyslipidemia
Yes (n=2,183) 1.00 (reference) 1.19 (0.86, 1.64) 1.65 (1.20, 2.28) 1.64 (1.18, 2.28) 0.0070 0.98
No (n=1,918) 1.00 (reference) 1.31 (0.86, 2.00) 0.95 (0.61, 1.50) 1.65 (1.09, 2.52) 0.52

Current smoking
Yes (n=1,107) 1.00 (reference) 1.15 (0.68, 1.96) 0.94 (0.57, 1.56) 1.50 (0.93, 2.43) 0.13 0.052
No (n=2,994) 1.00 (reference) 1.14 (0.84, 1.54) 1.49 (1.12, 1.96) 1.69 (1.27, 2.25) <0.001

IFG
Sex

Men 1.00 (reference) 1.07 (0.72, 1.58) 1.23 (0.85, 1.77) 1.36 (0.94, 1.97) 0.077 0.032
Women 1.00 (reference) 4.32 (1.58, 11.86) 2.11 (0.68, 6.53) 4.91 (1.78, 13.58) 0.0088

Age
≥55 years 1.00 (reference) 1.31 (0.82, 2.10) 1.16 (0.73, 1.83) 1.73 (1.11, 2.69) 0.032 0.14
<55 years 1.00 (reference) 1.38 (0.78, 2.48) 1.68 (0.98, 2.86) 1.68 (0.97, 2.89) 0.055

BMI
≥25 kg/m2 1.00 (reference) 1.50 (0.74, 1.75) 1.32 (0.69, 2.53) 1.52 (0.81, 2.86) 0.82 0.26
<25 kg/m2 1.00 (reference) 1.33 (0.87, 2.05) 1.50 (0.99, 2.26) 1.96 (1.30, 2.96) 0.017

Hypertension
Yes 1.00 (reference) 1.15 (0.62, 2.11) 1.87 (1.03, 3.37) 2.18 (1.22, 3.89) 0.0022 0.32
No 1.00 (reference) 1.42 (0.92, 2.19) 1.13 (0.72, 1.78) 1.34 (0.87, 2.06) 0.33

Dyslipidemia
Yes 1.00 (reference) 1.43 (0.92, 2.21) 1.52 (0.97, 2.41) 1.75 (1.11, 2.77) 0.021 0.93
No 1.00 (reference) 0.85 (0.46, 1.59) 0.94 (0.51, 1.75) 1.34 (0.75, 2.41) 0.23

Current smoking
Yes 1.00 (reference) 1.54 (0.69, 3.47) 1.82 (0.87, 3.82) 1.30 (0.60, 2.80) 0.59 0.11
No 1.00 (reference) 1.27 (0.85, 1.92) 1.19 (0.80, 1.77) 1.80 (1.23, 2.66) 0.0060

BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; OR, odds ratio.
Note: Data are expressed as OR (95% CI); adjusted for sex, age, BMI, hypertension, dyslipidemia and current smoking (without stratified parameters).

K. Kato et al. / Can J Diabetes 43 (2019) 40–4544

https://www.canadianjournalofdiabetes.com
https://www.canadianjournalofdiabetes.com


All authors have read the manuscript and approved its
submission.

References

1. Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart disease asso-
ciated with diabetes in men and women: Meta-analysis of 37 prospective cohort
studies. BMJ 2006;332:73–8.

2. World Health Organization. Definition and diagnisis of diabetes mellitus and
intermediate hyperglycemia: Report of a WHO/IDF consultation. Geneva, Swit-
zerland: World Health Organization, 2006.

3. DECODE Study Group, the European Diabetes Epidemiology Group. Glucose tol-
erance and cardiovascular mortality: Comparison of fasting and 2-hour diag-
nostic criteria. Arch Intern Med 2001;161:397–405.

4. Smith NL, Barzilay JI, Shaffer D, et al. Fasting and 2-hour postchallenge serum
glucose measures and risk of incident cardiovascular events in the elderly: The
Cardiovascular Health Study. Arch Intern Med 2002;162:209–16.

5. Huang Y, Cai X, Mai W, Li M, Hu Y. Association between prediabetes and risk
of cardiovascular disease and all cause mortality: Systematic review and meta-
analysis. BMJ 2016;355:i5953.

6. Ning F, Tuomilehto J, Pyorala K, Onat A, Soderberg S, Qiao Q. Cardiovascular
disease mortality in Europeans in relation to fasting and 2-h plasma
glucose levels within a normoglycemic range. Diabetes Care 2010;33:2211–
6.

7. Grossmann V, Schmitt VH, Zeller T, et al. Profile of the Immune and inflamma-
tory response in individuals with prediabetes and type 2 diabetes. Diabetes Care
2015;38:1356–64.

8. Pickup JC. Inflammation and activated innate immunity in the pathogenesis of
type 2 diabetes. Diabetes Care 2004;27:813–23.

9. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein,
interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA
2001;286:327–34.

10. Barzilay JI, Abraham L, Heckbert SR, et al. The relation of markers of inflam-
mation to the development of glucose disorders in the elderly: The Cardiovas-
cular Health Study. Diabetes 2001;50:2384–9.

11. Wang C, Yatsuya H, Tamakoshi K, et al. Positive association between high-
sensitivity C-reactive protein and incidence of type 2 diabetes mellitus in
Japanese workers: 6-year follow-up. Diabetes Metab Res Rev 2013;29:398–
405.

12. Wang X, Bao W, Liu J, et al. Inflammatory markers and risk of type 2
diabetes: A systematic review and meta-analysis. Diabetes Care 2013;36:166–
75.

13. Festa A, D’Agostino R Jr, Tracy RP, Haffner SM. C-reactive protein is more strongly
related to post-glucose load glucose than to fasting glucose in non-diabetic sub-
jects: The Insulin Resistance Atherosclerosis Study. Diabet Med 2002;19:939–
43.

14. Guerrero-Romero F, Simental-Mendia LE, Rodriguez-Moran M. Association of
C-reactive protein levels with fasting and postload glucose levels according to
glucose tolerance status. Arch Med Res 2014;45:70–5.

15. Mirhafez SR, Ebrahimi M, Saberi Karimian M, et al. Serum high-sensitivity
C-reactive protein as a biomarker in patients with metabolic syndrome: Evidence-
based study with 7284 subjects. Eur J Clin Nutr 2016;70:1298–304.

16. Myers GL, Rifai N, Tracy RP, et al. CDC/AHA workshop on markers of inflam-
mation and cardiovascular disease: Application to clinical and public health prac-
tice: Report from the laboratory science discussion group. Circulation
2004;110:e545–9.

17. Pearson TA, Mensah GA, Alexander RW, et al. Markers of inflammation and car-
diovascular disease: Application to clinical and public health practice: A state-
ment for healthcare professionals from the Centers for Disease Control and
Prevention and the American Heart Association. Circulation 2003;107:499–
511.

18. Kashiwagi A, Kasuga M, Araki E, et al. International clinical harmonization of
glycated hemoglobin in Japan: From Japan Diabetes Society to National
Glycohemoglobin Standardization Program values. J Diabetes Investig 2012;3:39–
40.

19. Chatterton H, Younger T, Fischer A, Khunti K. Programme Development Group.
Risk identification and interventions to prevent type 2 diabetes in adults at high
risk: Summary of NICE guidance. BMJ 2012;345:e4624.

20. International Expert Committee. International Expert Committee report on the
role of the A1C assay in the diagnosis of diabetes. Diabetes Care 2009;32:1327–
34.

21. World Health Organization. Use of glycated haemoglobin (HbA1c). In: the diag-
nosis of diabetes mellitus: Abbreviated report of a WHO/IDF consultation. Geneva,
Switzerland: World Health Organization, 2011.

22. Defronzo RA. Banting lecture: From the triumvirate to the ominous octet: A new
paradigm for the treatment of type 2 diabetes mellitus. Diabetes 2009;58:773–
95.

23. Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. J Clin Invest
2006;116:1793–801.

24. Festa A, D’Agostino R Jr, Howard G, Mykkanen L, Tracy RP, Haffner SM. Chronic
subclinical inflammation as part of the insulin resistance syndrome: The Insulin
Resistance Atherosclerosis Study (IRAS). Circulation 2000;102:42–7.

25. Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of tumor necro-
sis factor-alpha: Direct role in obesity-linked insulin resistance. Science
1993;259:87–91.

26. Feinstein R, Kanety H, Papa MZ, Lunenfeld B, Karasik A. Tumor necrosis factor-
alpha suppresses insulin-induced tyrosine phosphorylation of insulin recep-
tor and its substrates. J Biol Chem 1993;268:26055–8.

27. Plomgaard P, Bouzakri K, Krogh-Madsen R, Mittendorfer B, Zierath JR, Peder-
sen BK. Tumor necrosis factor-alpha induces skeletal muscle insulin resistance
in healthy human subjects via inhibition of Akt substrate 160 phosphoryla-
tion. Diabetes 2005;54:2939–45.

28. Meyer C, Pimenta W, Woerle HJ, et al. Different mechanisms for impaired fasting
glucose and impaired postprandial glucose tolerance in humans. Diabetes Care
2006;29:1909–14.

29. Abdul-Ghani MA, Jenkinson CP, Richardson DK, Tripathy D, DeFronzo RA. Insulin
secretion and action in subjects with impaired fasting glucose and impaired
glucose tolerance: Results from the Veterans Administration Genetic Epidemi-
ology Study. Diabetes 2006;55:1430–5.

30. Cardellini M, Andreozzi F, Laratta E, et al. Plasma interleukin-6 levels are increased
in subjects with impaired glucose tolerance but not in those with impaired
fasting glucose in a cohort of Italian Caucasians. Diabetes Metab Res Rev
2007;23:141–5.

31. Jaiswal A, Tabassum R, Podder A, Ghosh S, Tandon N, Bharadwaj D. Elevated level
of C-reactive protein is associated with risk of prediabetes in Indians. Athero-
sclerosis 2012;222:495–501.

32. Ning F, Zhang L, Dekker JM, et al. Development of coronary heart disease and
ischemic stroke in relation to fasting and 2-hour plasma glucose levels in the
normal range. Cardiovasc Diabetol 2012;11:76.

33. Kato K, Otsuka T, Kobayashi N, Kon Y, Kawada T. Two-hour post-load plasma
glucose levels are associated with carotid intima-media thickness in subjects
with normal glucose tolerance. Diabet Med 2014;31:76–83.

34. Hashimoto K, Kasayama S, Yamamoto H, Kurebayashi S, Kawase I, Koga M. Strong
association of C-reactive protein with body mass index and 2-h post-challenge
glucose in non-diabetic, non-smoker subjects without hypertension. Diabet Med
2004;21:581–5.

35. Doi Y, Kiyohara Y, Kubo M, et al. Relationship between C-reactive protein and
glucose levels in community-dwelling subjects without diabetes: The Hisayama
Study. Diabetes Care 2005;28:1211–3.

36. Lin J, Zhang M, Song F, et al. Association between C-reactive protein and pre-
diabetic status in a Chinese Han clinical population. Diabetes Metab Res Rev
2009;25:219–23.

K. Kato et al. / Can J Diabetes 43 (2019) 40–45 45

http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0010
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0010
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0010
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0015
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0015
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0015
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0020
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0020
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0020
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0025
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0025
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0025
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0030
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0030
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0030
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0035
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0035
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0035
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0035
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0040
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0040
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0040
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0045
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0045
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0050
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0050
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0050
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0055
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0055
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0055
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0060
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0060
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0060
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0060
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0065
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0065
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0065
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0070
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0070
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0070
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0070
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0075
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0075
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0075
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0080
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0080
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0080
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0085
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0085
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0085
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0085
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0090
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0090
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0090
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0090
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0090
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0095
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0095
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0095
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0095
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0100
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0100
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0100
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0105
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0105
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0105
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0110
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0110
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0110
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0115
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0115
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0115
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0120
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0120
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0125
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0125
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0125
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0130
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0130
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0130
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0135
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0135
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0135
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0140
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0140
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0140
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0140
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0145
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0145
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0145
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0150
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0150
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0150
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0150
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0155
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0155
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0155
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0155
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0160
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0160
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0160
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0165
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0165
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0165
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0170
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0170
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0170
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0175
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0175
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0175
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0175
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0180
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0180
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0180
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0185
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0185
http://refhub.elsevier.com/S1499-2671(17)30358-1/sr0185


Supplementary Material

1.5 3.8 4.8 4.69.5 11.5 14.5 19.93.3 3.8
3.9

6.2

85.6 81.0 76.9 69.2 IGT/IFG

IGT

IFG

NGT

Q1 Q2 Q3 Q4

(%)

Figure S1. Distribution of plasma glucose categories by C-reactive protein quartiles. IFG, impaired fasting glucose; IGT, impaired glucose tolerance; NGT, normal glucose
tolerance.

Table S1
Association between quartiles of serum CRP levels and elevated A1C stratified by cardiovascular risk factors

Quartiles of serum CRP levels p for trend p for interaction

Elevated A1C Q1 Q2 Q3 Q4

Sex
Men (n=3,107) 1.00 (reference) 1.38 (0.99, 1.92) 1.46 (1.07, 1.99) 1.75 (1.28, 2.39) <0.001 0.83
Women (n=994) 1.00 (reference) 1.24 (0.78, 1.98) 0.98 (0.61, 1.57) 0.99 (0.60, 1.62) 0.87

Age
≥55 years (n=1,995) 1.00 (reference) 1.24 (0.89, 1.71) 1.20 (0.88, 1.63) 1.38 (1.00, 1.89) 0.067 0.27
<55 years (n=2,106) 1.00 (reference) 1.51 (0.95, 2.40) 1.56 (1.00, 2.44) 1.99 (1.28, 3.08) 0.0030

BMI
≥25 kg/m2 (n=1,110) 1.00 (reference) 1.45 (0.80, 2.61) 1.58 (0.93, 2.69) 2.18 (1.30, 3.64) 0.0016 0.40
<25 kg/m2 (n=2,991) 1.00 (reference) 1.37 (1.02, 1.85) 1.33 (0.99, 1.80) 1.38 (1.01, 1.89) 0.033

Hypertension
Yes (n=1,023) 1.00 (reference) 1.44 (0.86, 2.40) 1.17 (0.72, 1.91) 1.91 (1.21, 3.03) 0.011 0.12
No (n=3,078) 1.00 (reference) 1.24 (0.91, 1.70) 1.34 (0.99, 1.80) 1.27 (0.92, 1.74) 0.10

Dyslipidemia
Yes (n=2,183) 1.00 (reference) 1.47 (1.05, 2.06) 1.29 (0.94, 1.78) 1.49 (1.08, 2.06) 0.040 0.98
No (n=1,918) 1.00 (reference) 1.03 (0.66, 1.60) 1.26 (0.82, 1.94) 1.47 (0.96, 2.26) 0.060

Current smoking
Yes (n=1,107) 1.00 (reference) 1.36 (0.74, 2.51) 1.48 (0.84, 2.60) 1.51 (0.86, 2.65) 0.17 0.052
No (n=2,994) 1.00 (reference) 1.28 (0.95, 1.73) 1.22 (0.91, 1.63) 1.48 (1.11, 1.99) 0.015

A1C, glycated hemoglobin; BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; OR, odds
ratio; Q, quartile.
Note: Data are expressed as OR (95% CI). Adjusted for sex, age, BMI, hypertension, dyslipidemia and current smoking (without stratified parameter).
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Table S2
Association between quartiles of serum CRP levels and prediabetes with lean subjects stratified by cardiovascular risk factors

Quartiles of serum CRP levels p for trend

Q1 Q2 Q3 Q4

IGT
Sex

Men (n=2186) 1.00 (reference) 1.15 (0.79, 1.68) 1.17 (0.81, 1.70) 1.57 (1.09, 2.25) 0.014
Women (n=805) 1.00 (reference) 1.58 (0.84, 2.95) 1.17 (0.58, 2.36) 1.47 (0.73, 2.96) 0.46

Age
≥55 years (n=1550) 1.00 (reference) 1.29 (0.86, 1.93) 1.31 (0.87, 1.95) 1.61 (1.08, 2.40) 0.025
<55 years (n=1441) 1.00 (reference) 1.21 (0.71, 2.05) 1.00 (0.57, 1.76) 1.66 (0.98, 2.80) 0.10

Hypertension
Yes (n=621) 1.00 (reference) 1.41 (0.75, 2.66) 1.49 (0.81, 2.74) 1.64 (0.99, 2.97) 0.12
No (n=2370) 1.00 (reference) 1.17 (0.81, 1.70) 1.06 (0.72, 1.57) 1.51 (1.04, 2.21) 0.055

Dyslipidemia
Yes (n=1436) 1.00 (reference) 1.05 (0.66, 1.65) 1.23 (0.79, 1.90) 1.54 (1.00, 2.37) 0.026
No (n=1555) 1.00 (reference) 1.42 (0.90, 2.23) 1.06 (0.64, 1.75) 1.47 (0.91, 2.37) 0.26

Current smoking
Yes (n=781) 1.00 (reference) 1.28 (0.62, 2.67) 1.32 (0.65, 2.68) 1.57 (0.79, 3.11) 0.20
No (n=2210) 1.00 (reference) 1.21 (0.84, 1.73) 1.11 (0.77, 1.61) 1.54 (1.07, 2.21) 0.037

IFG
Sex

Men 1.00 (reference) 0.96 (0.59, 1.65) 1.36 (0.84, 2.20) 1.35 (0.83, 2.20) 0.12
Women 1.00 (reference) 1.53 (0.48, 4.86) 0.86 (0.22, 3.41) 3.25 (1.07, 9.84) 0.51

Age
≥55 years 1.00 (reference) 1.23 (0.70, 2.16) 1.21 (0.68, 2.13) 1.80 (1.05, 3.09) 0.035
<55 years 1.00 (reference) 0.78 (0.33, 1.84) 1.65 (0.78, 3.53) 1.22 (0.55, 2.72) 0.30

Hypertension
Yes 1.00 (reference) 1.14 (0.49, 2.64) 1.34 (0.60, 3.00) 1.89 (0.89, 4.04) 0.067
No 1.00 (reference) 1.02 (0.58, 1.79) 1.32 (0.76, 2.29) 1.41 (0.81, 2.47) 0.15

Dyslipidemia
Yes 1.00 (reference) 1.27 (0.65, 2.48) 1.95 (1.05, 3.62) 1.82 (0.97, 3.40) 0.030
No 1.00 (reference) 0.90 (0.46, 1.76) 0.73 (0.35, 1.52) 1.41 (0.74, 2.69) 0.36

Current smoking
Yes 1.00 (reference) 1.08 (0.34, 3.44) 2.24 (0.78, 6.29) 1.15 (0.39, 3.40) 0.65
No 1.00 (reference) 1.08 (0.65, 1.81) 1.08 (0.64, 1.83) 1.80 (1.10, 2.94) 0.019

Elevated A1C
Sex

Men 1.00 (reference) 1.37 (0.87, 2.15) 1.94 (1.27, 2.97) 1.86 (1.21, 2.86) 0.0017
Women 1.00 (reference) 1.11 (0.67, 1.84) 0.87 (0.50, 1.53) 0.77 (0.43, 1.39) 0.29

Age
≥55 years 1.00 (reference) 1.35 (0.91, 2.00) 1.52 (1.03, 2.24) 1.55 (1.04, 2.30) 0.031
<55 years 1.00 (reference) 1.07 (0.58, 1.98) 1.43 (0.78, 2.61) 1.29 (0.69, 2.41) 0.29

Hypertension
Yes 1.00 (reference) 1.68 (0.87, 3.23) 1.09 (0.56, 2.12) 1.56 (0.84, 2.92) 0.38
No 1.00 (reference) 1.13 (0.77, 1.67) 1.63 (1.12, 2.38) 1.32 (0.88, 1.96) 0.061

Dyslipidemia
Yes 1.00 (reference) 1.36 (0.86, 2.14) 1.84 (1.20, 2.84) 1.42 (0.91, 2.23) 0.082
No 1.00 (reference) 1.11 (0.68, 1.81) 0.98 (0.58, 1.67) 1.40 (0.85, 2.32) 0.27

Current smoking
Yes 1.00 (reference) 1.26 (0.51, 3.11) 2.50 (1.09, 5.73) 1.76 (0.76, 4.05) 0.11
No 1.00 (reference) 1.27 (0.89, 1.82) 1.27 (0.88, 1.83) 1.35 (0.93, 1.96) 0.14

A1C, glycated hemoglobin; CI, confidence interval; CRP, C-reactive protein; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; OR, odds ratio; Q, quartile.
Note: Data are expressed as OR (95% CI); adjusted for sex, age, body mass index, hypertension, dyslipidemia and current smoking (without stratified parameter).
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