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Abstract

Aims To compare high-sensitivity C-reactive protein (hs-

CRP) and white blood cell count (WBC) as a predictor of

incident diabetes in a population where obesity is not

prevalent.

Methods This is a retrospective 6-year follow-up study in

a Japanese health screening population including 1874 men

and 1094 women. Using Cox regression methods, hazard

ratios (HRs) of incident diabetes for hs-CRP and WBC

adjusting for fasting plasma glucose (FPG), hemoglobin

A1c (HbA1c) and other confounders were calculated, and

using areas under receiver operating characteristic curve

(AUCs), diabetes-predicting abilities of hs-CRP and WBC

were compared. Diabetes was defined as FPG C 126 mg/

dL and HbA1c C 6.5 % or use of antidiabetic medication.

Results During the 6-year follow-up period (mean ± SD,

4.8 ± 1.7 years), 71 men (3.8 %) and 19 women (1.7 %)

developed incident diabetes. The fully adjusted HRs [95 %

confidence intervals (CIs)] of incident diabetes for each 1

SD increase in log hs-CRP and WBC were 1.20

(0.92–1.56) (p = 0.174) and 1.01 (0.78–1.30) (p = 0.946),

respectively. The fully adjusted HRs (95 % CIs) of incident

diabetes for the highest tertile of hs-CRP and WBC com-

pared with the lowest tertile were 2.57 (1.05–6.27)

(p = 0.039) and 1.20 (0.53–2.70) (p = 0.665),

respectively. The AUCs (95 % CIs) of hs-CRP and WBC

for the discrimination of incident diabetes were 0.73

(0.68–0.77) and 0.67 (0.62–0.72), respectively.

Conclusions Hs-CRP, but not WBC, was independently

associated with incident diabetes in a Japanese health

screening population where obesity is not prevalent.
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Introduction

Growing evidence shows that obesity-related inflamma-

tion [1–3] may play a crucial role in the pathogenesis of

metabolic syndrome (MetS) [4, 5] and type 2 diabetes

[6]. Accumulating data suggest that inflammatory

biomarkers including high-sensitivity C-reactive protein

(hs-CRP) are associated with the incidence of type 2

diabetes [7–19]. An acute-phase plasma protein, hs-CRP,

is synthesized by the liver in response to interleukin-6

(IL-6) and other proinflammatory cytokines secreted by

macrophages, T cells and adipocytes [6]. The stability of

this protein during long-term frozen blood storage and

the availability of inexpensive, precise and standardized

assays have assisted studies of hs-CRP [20]. While hs-

CRP is known as an independent risk factor for car-

diovascular disease (CVD) [20, 21], white blood cell

count (WBC) is also a routinely measured marker of

systemic inflammation and reported to be a predictor of

CVD mortality [22, 23] and incident MetS [24, 25].

Previously, the authors of a cross-sectional study repor-

ted that hs-CRP was superior to WBC as an inflamma-

tory component of MetS [26]. However, a longitudinal
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study conducted in a healthy Japanese population, where

obesity was not prevalent, showed that these two

inflammatory markers equally predicted incident MetS

[27]. Recently, WBC was also reported to be a predictor

of incident diabetes [28]. However, there have been no

studies which compared the ability to predict incident

diabetes between hs-CRP and WBC, both of which are

routinely measured markers of systemic inflammation in

clinical as well as epidemiological studies. Inflammation

was shown to be linked to incident diabetes in a Japa-

nese population where obesity was not prevalent [16].

Previously, the author reported that very low levels of

hs-CRP were significantly related to other metabolic risk

factors in a Japanese health screening population [29].

The aim of the present study was to compare hs-CRP

and WBC as a predictor of incident diabetes in a Japa-

nese health screening population where obesity defined

as body mass index (BMI) of C30 kg/m2 was not

prevalent (1.9 %) and the mean (SD) BMI was 22.6

(0.3) kg/m2.

Methods

Subjects

Between April 2008 and March 2009, 2435 men and 1437

women visited our Medical Check-up Center for general

health screenings and gave written informed consent to use

their data for epidemiological studies. The visitors were

required to fill out a questionnaire prepared by the Japanese

Ministry of Health, Labor, and Welfare for the purpose of

the Specific Health Examination and Instruction, including

questions about histories of coronary heart disease and

stroke, smoking, alcohol consumption, physical activity,

antihypertensive, antidiabetic and antihyperlipidemic

medications. Among them, 139 men and 33 women pre-

sented diabetes at baseline. By excluding these individuals,

2296 men and 1414 women remained as candidate subjects

for the follow-up study. Among them, 1874 men and 1094

women revisited our Medical Check-up Center between

April 2009 and March 2015 and were included in this

study. The first diagnosis with incident diabetes in the

annual health screenings was ascertained as the outcome,

and subjects without the outcome were censored at their

last visits. Diabetes was defined as fasting plasma glucose

(FPG) C 126 mg/dL and hemoglobin A1c

(HbA1c) C 6.5 % or use of antidiabetic drugs. The pro-

tocol for this study was approved by the ethics committee

of Tachikawa Medical Center, and the study procedures

were in accordance with the ethical standards laid down in

the 1964 Declaration of Helsinki and its later amendments.

Measurements

After an overnight fast, blood samples were obtained to

measure blood levels of routine medical checkup tests

including FPG, HbA1c, triglycerides, total cholesterol,

high-density lipoprotein (HDL) cholesterol, low-density

lipoprotein (LDL) cholesterol, hs-CRP, uric acid, aspartate

aminotransferase (AST), alanine aminotransferase (ALT),

creatinine and WBC. The chemical measurements were all

taken at BML Nagaoka (Nagaoka, Japan) with routine

laboratory methods except for hs-CRP which was mea-

sured at BML General Laboratory (Tokyo, Japan) with

nephelometry using N-latex CRP-2 (Siemens Healthcare

Japan, Tokyo, Japan). The measurement limit of hs-CRP

was 0.02 mg/L, and the value of hs-CRP less than the

measurement limit was considered to be 0.01 mg/L.

HbA1c was measured with latex aggregation immunoassay

using Determiner HbA1c (Kyowa Medex, Tokyo, Japan).

LDL cholesterol was measured using a direct surfactant

method with Choletest-LDL (Sekisui Medical Inc, Tokyo,

Japan). The directly measured LDL cholesterol was used in

the present study because subjects with triglycerides of

C400 mg/dL were excluded from those with the calculated

LDL cholesterol using Friedewald’s equation, and the

directly measured LDL cholesterol and the calculated one

were very strongly correlated (r = 0.966). The estimated

glomerular filtration rate (eGFR) was calculated using the

following equation according to the recommendation from

the Japanese Society of Nephrology: eGFR (mL min-1/

1.73 m2) = 194 9 creatinine-1.094 9 age-0.287 in men

and 194 9 creatinine-1.094 9 age-0.287 9 0.739 in women

[30]. Blood pressure was automatically measured with

MPV-3301 (NIHON KODEN Inc., Tokyo, Japan). An

average systolic blood pressure (SBP) and diastolic blood

pressure (DBP) were calculated from two measurements in

sitting position after a 5-min rest period. Body weight was

measured with the light clothes provided by our center, and

the weight of the clothing was subtracted from the mea-

sured body weight. Body mass index (BMI) was calculated

as the weight in kilograms divided by the square of height

in meters.

Statistical analysis

The baseline data of potential candidates and actually

followed subjects were compared. Then, the baseline data

of subjects who developed diabetes and those who did not

were compared. Means were compared by two-tailed

t tests, and percentages were compared by Chi-squared

tests. Hs-CRP and triglycerides were compared after log

transformation because their distributions were highly

skewed.
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The incidence of developing diabetes was calculated for

each tertile of hs-CRP and WBC, and linear trends of the

incidence of diabetes along the tertiles of hs-CRP and

WBC were examined by logistic regressions.

Using Cox regressions in which years were used as a

unit of the survival variable, the first diagnosis with inci-

dent diabetes in the annual health screenings was ascer-

tained as the outcome, and subjects without the outcome

were censored at their last visits; the hazard ratios and their

95 % confidence intervals [HRs (95 %CIs)] of incident

diabetes for each 1 SD increase in log hs-CRP and WBC as

well as for the higher tertiles of hs-CRP and WBC com-

pared with the lowest tertile were calculated adjusting for

sex, age, current smoking, daily alcohol drinking, physical

activity, use of antihypertensive and antihyperlipidemic

medications and history of coronary heart disease and

stroke (model 1), further adjusting for the above covariates

plus BMI, FPG and HbA1c (model 2), and further adjusting

for the covariates in model 2 plus SBP, log triglycerides,

HDL cholesterol, LDL cholesterol, AST, ALT, uric acid

and eGFR (model 3). DBP was excluded from the

covariates to avoid multicollinearity because SBP and DBP

were strongly correlated (r = 0.93).

The areas under receiver operating characteristic curve

(AUCs) and the optimal cutoff points with their sensitivi-

ties and specificities of hs-CRP and WBC for the dis-

crimination of incident diabetes were calculated. An

optimal cutoff point was defined as a point at which the

sum of its sensitivity and specificity is maximal.

Statistical analyses were performed using the Dr SPSS-2

software (IBM Japan, Tokyo, Japan). P values lower than

0.05 were considered to be statistically significant.

Results

The comparison of baseline data between the potential

candidates and the actually followed subjects is shown in

Table 1. There was no significant difference in the baseline

data between the candidates and the actually followed

subjects. The comparison of baseline data between diabetes

developers and non-developers is shown in Table 2. The

age, BMI, SBP, DBP, FPG, HbA1c, hs-CRP, WBC,

triglycerides, LDL cholesterol and uric acid were signifi-

cantly higher, while HDL cholesterol and eGFR were

significantly lower in the diabetes developers than in non-

developers. Male sex, antihypertensive drug use, antihy-

perlipidemic drug use and current smoking were signifi-

cantly more frequent in the diabetes developers than in

non-developers.

Among the 1874 men aged 24–82 (mean ± SD,

51.6 ± 9.4) years and 1094 women aged 30–82

(mean ± SD, 51.8 ± 9.5) years, diabetes developed in 71

men (3.8 %) and 19 women (1.7 %) during the 6-year

follow-up period (mean ± SD, 4.8 ± 1.7 years). The

incidence of diabetes stratified by the tertiles of hs-CRP

and WBC is presented in Table 3. There were significant

increasing trends of the incidence of diabetes along the

tertiles of hs-CRP and WBC.

The HRs (95 % CI) of incident diabetes for each 1 SD

increases in log hs-CRP and log WBC as well as for the

higher tertiles of hs-CRP and WBC compared with the

lowest tertile are shown in Table 4. Only the highest tertile

of hs-CRP was significantly associated with incident dia-

betes in model 2 [HR (95 % CI), 2.76 (1.19–6.41)] and

model 3 [HR (95 % CI), 2.57 (1.05–6.27)] although each 1

SD increase in hs-CRP as well as WBC and the higher

tertiles of hs-CRP as well as WBC was all significantly

associated with incident diabetes in model 1.

The AUCs and the optimal cutoff points with their

sensitivities and specificities of hs-CRP and WBC for the

discrimination of incident diabetes are shown in Table 5.

The diabetes-discriminating AUCs (95 % CIs) of hs-CRP

and WBC were 0.73 (0.68–0.77) and 0.67 (0.62–0.72),

respectively.

Discussion

The present study found that hs-CRP, but not WBC, was

independently associated with incident diabetes and that

the AUCs (95 % CIs) of hs-CRP and WBC for the dis-

crimination of incident diabetes were 0.73 (0.68–0.77) and

0.67 (0.62–0.72), respectively, in a Japanese health

screening population where obesity was not prevalent.

There is increasing evidence that obesity-related adipose

tissue inflammation [1–3] is closely involved in the

pathogenesis of type 2 diabetes [6]. Wang et al. reviewed

prospective studies on the associations of elevated levels of

IL-6 and hs-CRP with increased risk of diabetes [19]. Their

meta-analysis, including 10 prospective studies with a total

of 19,709 participants and 4480 cases, detected a signifi-

cant dose–response association of IL-6 levels with diabetes

risk [relative risk (RR) (95 % CI), 1.31 (1.17–1.46)] [19].

For hs-CRP, a meta-analysis involving 22 cohorts with a

total of 40,735 participants and 5753 cases showed that

elevated hs-CRP levels were significantly associated with

increased risk of diabetes [RR (95 % CI), 1.26 (1.16–1.37)]

[19]. An association between WBC and diabetes risk has

been recently suggested by Twig et al. They assessed

whether WBC was an independent risk factor for incident

diabetes in 24,897 young men (mean ± SD age,

30.8 ± 5.36 years) during a mean follow-up period of

7.5 years and concluded that WBC was an independent risk

factor for diabetes [28]. The HRs (95 % CI) of incident

diabetes for the highest quintile (WBC 7801–12,000/L-6)

Acta Diabetol (2015) 52:983–990 985

123



was 1.52 (1.06–2.18) (p = 0.02) adjusted for age, BMI,

family history, smoking status, FPG and triglycerides [28].

In contrast, Ford reported in an approximately 20-year

follow-up study including 8352 participants that the HRs

(95 % CI) of incident diabetes for WBC of C9100/L-6

compared with WBC of B5700/L-6 were 1.33 (0.81–2.19)

in men and 1.68 (1.21–2.34) in women after adjusting for

age, smoking status, SBP, cholesterol, use of antihyper-

tensive medication, physical activity, alcohol use and BMI

[31]. He did not include FPG in the adjusting covariates

and suggested that inflammatory markers might be limited

as predictors of diabetes [31].

The present study compared hs-CRP and WBC as a

predictor of incident diabetes in a population where obesity

was not prevalent (1.9 %) and found that hs-CRP was

independently associated with diabetes, but WBC was not.

Inflammation was reported to be associated with incident

diabetes in a Japanese population where obesity was not

prevalent [16]. Previously, the author reported that very

low levels of hs-CRP were significantly related to other

metabolic risk factors in a Japanese health screening pop-

ulation [29]. The means (SDs) of FPG for the first (lowest),

second, third, fourth and fifth quintile of hs-CRP were 5.14

(0.66), 5.26 (0.72), 5.21 (0.61), 5.37 (0.74) and 5.42 (0.90)

mmol/L, respectively, in men, while 4.82 (0.45), 4.93

(0.48), 4.92 (0.54), 4.96 (0.48) and 5.12 (0.88) mmol/L,

respectively, in women [29]. In the present study, the

correlation coefficients between end point FPG and base-

line hs-CRP and WBC were 0.133 (p\ 0.001) and 0.134

(p\ 0.001), respectively, in subjects with baseline BMI of

\25 kg/m2 who did not use antidiabetic drugs at end point

(n = 2368). Animal studies indicated that the infiltration of

activated macrophages into adipose tissue and accompa-

nied inflammation, but not increased adipose tissue mass,

adipocyte size, or visceral adipose tissue mass per se, was

crucial for the metabolic consequences of obesity including

Table 1 Baseline data of

potential candidates and

actually followed subjects

Candidatesd Followed subjectse p

n 3710 2968

Male sex (%) 61.9 63.1 0.293

Age (year) 51.5 (9.7) 51.6 (9.4) 0.585

Body mass index (kg/m2) 22.6 (3.1) 22.6 (3.0) 0.928

Systolic blood pressure (mmHg) 118.5 (17.9) 118.5 (17.6) 0.995

Diastolic blood pressure (mmHg) 74.7 (11.1) 74.8 (11.1) 0.796

Fasting plasma glucose (mg/dL) 92.0 (9.3) 92.1 (9.3) 0.812

Hemoglobin A1c (%) 5.41 (0.32) 5.41 (0.32) 0.763

High-sensitivity CRP (mg/L) 0.28 (0.14, 0.57) 0.28 (0.14, 0.56) 0.988c

White blood cell count (L-6) 5310 (1460) 5305 (1440) 0.870

Triglycerides (mg/dL) 90 (64, 128) 90 (64, 127) 0.863c

HDL cholesterol (mg/dL) 61.3 (15.2) 61.3 (15.2) 0.953

LDL cholesterol (mg/dL) 121.3 (29.5) 121.4 (28.9) 0.913

Uric acid (mg/dL) 5.51 (1.42) 5.53 (1.40) 0.587

Aspartate aminotransferase (U/L) 23.1 (15.2) 23.1 (16.3) 0.970

Alanine aminotransferase (U/L) 23.4 (16.6) 23.4 (17.2) 0.915

eGFRa (mL min-1/1.73 m2) 78.5 (13.1) 78.3 (13.0) 0.454

Antihypertensive drug use (%) 15.0 15.6 0.528

Antidiabetic drug use (%) 9.1 9.3 0.733

History of stroke (%) 1.4 1.3 0.779

History of coronary heart disease (%) 3.0 3.0 0.923

Current smoking (%) 23.5 23.9 0.733

Daily alcohol drinking (%) 38.2 38.2 0.987

Physical activityb (%) 35.6 35.7 0.923

Mean (SD), median (inter-quartiles) or %
a Estimated glomerular filtration rate
b Defined as walking for 1 h or longer per day or exercising for 30 min or longer twice or more per week
c Compared after log transformation
d Individuals who were not with diabetes at baseline
e Individuals who were actually followed among the candidates, normal levels of high-sensitivity CRP 0.24

(0.13–0.47), normal levels of white blood cell count: 5185 (1413)
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insulin resistance and glucose status [32–35]. Therefore, it

is reasonable to think that inflammation may be associated

with glucose status even in non-obese humans. Beyond

traditional risk factors, measurement of inflammatory

markers contributed relatively little additional value in

clinical diabetes risk prediction in a multiethnic cohort of

postmenopausal women [36]. Although recent studies have

linked plasma markers of inflammation to incident diabetes

Table 2 Baseline data of the

followed subjects in Table 1

stratified by the development of

diabetes

Diabetes developers Non-developers p

n 90 2878

Male sex (%) 78.9 62.6 0.002

Age (year) 54.7 (8.4) 51.5 (9.5) 0.002

Body mass index (kg/m2) 25.6 (4.0) 22.5 (2.9) \0.001

Systolic blood pressure (mmHg) 127.3 (17.2) 118.2 (17.6) \0.001

Diastolic blood pressure (mmHg) 80.4 (10.8) 74.6 (11.1) \0.001

Fasting plasma glucose (mg/dL) 109.7 (11.6) 91.6 (8.6) \0.001

Hemoglobin A1c (%) 6.10 (0.43) 5.39 (0.29) \0.001

High-sensitivity CRP (mg/L) 0.63 (0.34, 1.22) 0.27 (0.14, 0.55) \0.001c

White blood cell count (L-6) 6023 (1335) 5282 (1438) \0.001

Triglycerides (mg/dL) 126.5 (95.3, 183.5) 89 (64, 125) \0.001c

HDL cholesterol (mg/dL) 52.9 (12.5) 61.6 (15.2) \0.001

LDL cholesterol (mg/dL) 132.3 (25.4) 121.1 (28.9) \0.001

Uric acid (mg/dL) 6.13 (1.46) 5.51 (1.39) \0.001

Aspartate aminotransferase (U/L) 28.5 (18.4) 22.9 (16.2) 0.001

Alanine aminotransferase (U/L) 34.3 (26.7) 23.1 (16.7) \0.001

eGFRa (mL min-1/1.73 m2) 75.5 (11.1) 78.4 (13.0) 0.042

Antihypertensive drug use (%) 34.4 15.0 \0.001

Antidiabetic drug use (%) 15.6 9.1 0.038

History of stroke (%) 1.1 1.4 0.843

History of coronary heart disease (%) 5.6 3.0 0.156

Current smoking (%) 33.3 23.6 0.033

Daily alcohol drinking (%) 45.6 38.0 0.147

Physical activityb (%) 38.9 35.6 0.528

Mean (SD), median (inter-quartiles) or %
a Estimated glomerular filtration rate
b Defined as walking for 1 h or longer per day or exercising for 30 min or longer twice or more per week
c Compared after log transformation

Table 3 Incidence of diabetes

in each tertile of high-sensitivity

CRP and white blood cell count

T1 T2 T3 Pa

High-sensitivity CRP (mg/L) 0.01–0.18 0.19–0.43 0.44–49.0

n 991 992 985

Male sex (%) 53.3 65.7 70.5 \0.001

Age (years) 50.4 (9.3) 52.0 (9.0) 52.5 (9.9) \0.001

Body mass index (kg/m2) 21.3 (2.5) 22.7 (2.5) 23.9 (3.2) \0.001

Incidence of diabetes (%) 0.7 2.2 6.2 \0.001

White blood cell count (L-6) 2140–4550 4560–5710 5720–13470

n 989 990 989 \0.001

Male sex (%) 48.4 63.7 77.2 \0.001

Age (years) 52.2 (9.3) 51.5 (9.7) 51.2 (9.3) 0.046

Body mass index (kg/m2) 21.8 (2.6) 22.6 (2.9) 23.5 (3.1) \0.001

Incidence of diabetes (%) 1.1 2.8 5.2 \0.001

a Means were compared by ANOVA, and percentages were compared by logistic regressions
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[6–23, 28], the utility of these inflammatory biomarkers for

risk prediction of diabetes remains uncertain.

Limitations

The subjects of the present study were not from a general

population but from a relatively health-conscious popula-

tion, and the follow-up period was relatively short.

Therefore, the cumulative number of cases was only 71 for

men and 19 for women so that gender-stratified analysis

could not find statistically significant associations between

hs-CRP or WBC and incident diabetes (Online

Supplementary Tables s1 and s2). However, both hs-CRP

and WBC were associated with incident diabetes in men

(Online Supplementary Tables s1). Information about

family history, diet and demographic background was not

available so that residual confounders might influence the

study results.

Conclusions

The present study found that hs-CRP, but not WBC, was

independently associated with incident diabetes and that

the AUC of hs-CRP for the discrimination of incident

Table 4 Hazard ratios of

incident diabetes
Hazard ratio (95 % confidence interval) p

Model 1a

1 SD increase in log high-sensitivity CRP 1.75 (1.46–2.10) \0.001

The second tertile of high-sensitivity CRPd 2.75 (1.17–6.47) 0.021

The highest tertile of high-sensitivity CRPd 6.86 (3.10–15.2) \0.001

1 SD increase in white blood cell count 1.43 (1.18–1.73) \0.001

The second tertile of white blood cell countd 2.58 (1.27–5.24) 0.009

The highest tertile of white blood cell countd 3.64 (1.82–7.27) \0.001

Model 2b

1 SD increase in log high-sensitivity CRP 1.27 (0.99–1.62) 0.061

The second tertile of high-sensitivity CRPd 1.60 (0.59–4.31) 0.352

The highest tertile of high-sensitivity CRPd 2.76 (1.19–6.41) 0.018

1 SD increase in white blood cell count 1.05 (0.82–1.34) 0.687

The second tertile of white blood cell countd 0.80 (0.36–1.79) 0.590

The highest tertile of white blood cell countd 1.34 (0.63–2.86) 0.446

Model 3c

1 SD increase in log high-sensitivity CRP 1.20 (0.92–1.56) 0.173

The second tertile of high-sensitivity CRPd 2.11 (0.74–6.03) 0.163

The highest tertile of high-sensitivity CRPd 2.57 (1.05–6.27) 0.039

1 SD increase in white blood cell count 1.01 (0.78–1.30) 0.946

The second tertile of white blood cell countd 0.69 (0.30–1.57) 0.378

The highest tertile of white blood cell countd 1.20 (0.53–2.70) 0.665

a Adjusted for sex, age, current smoking, daily alcohol drinking, physical activity, history of ischemic heart

disease and stroke, use of antihypertensive and antihyperlipidemic drugs
b Adjusted for the covariates in model 1 plus body mass index, fasting plasma glucose and hemoglobin A1c
c Adjusted for the covariates in model 2 plus systolic blood pressure, log triglycerides, HDL cholesterol,

LDL cholesterol, uric acid, aspartate aminotransferase, alanine aminotransferase and estimated glomerular

filtration rate
d Compared with the lowest tertile

Table 5 AUC of high-

sensitivity CRP and white blood

cell count for the discrimination

of diabetes

AUCa (95 % CIb) p OCPc sensitivity specificity

High-sensitivity CRP 0.73 (0.68–0.77) \0.001 0.40 mg/L 0.72 0.65

White blood cell count 0.67 (0.62–0.72) \0.001 5100/L-6 0.77 0.52

a Area under receiver operating characteristic curve
b Confidence interval
c Optimal cutoff point
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diabetes was higher than that of WBC in a Japanese health

screening population where obesity was not prevalent.

Thus, inflammation was suggested to be associated with

incident diabetes even in a non-obese population and that

hs-CRP may be superior to WBC as a marker of

inflammation.
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