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Epidemiological study of the relationship between
C-reactive protein and diabetes in Japanese females

Rikio Takao, Hirokazu Oguro, Emi Yamashita, Makihiko Kuhara,
Yukiko Ogawa, Yukie Yoshida and Shuji Horibe

Summary Recent evidence suggests that a small percentage of chronic inflammations are associ-

ated with the onset of diabetes. Based on this association, C-reactive protein (CRP), an inflammatory

marker, has been garnering attention as a new risk factor for diabetes. However, according to

reports from a large-scale epidemiological study conducted in the US and Europe, no conclusive

evidence was found linking CRP levels and diabetes. Therefore, we conducted an epidemiological

study of Japanese females from Habikino City during routine medical examinations and found

through cross-sectional and longitudinal analysis that CRP levels and diabetes are indeed linked in these

women.
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1. Introduction

The growing number of people affected by
diabetes is a worldwide concern. In November 2011,
the International Diabetes Federation (IDF) published
the Volume 5 of the Diabetes Atlas, which estimated
that 366 million adults between the ages 20-79 years
were affected with diabetes, a figure that is expected
to rise to 552 million by 2030". Japan is the sixth-most
affected country in the world with 10.67 million
diabetic adults. Considering this situation, early
detection of diabetes is exceedingly important for
increasing the healthy lifespan of Japanese citizens.

A mechanistic understanding of the onset of

diabetes and its mode of affecting a patient has not
been completely elucidated. However, clinical and
epidemiological studies have reported that age, obesity,
high blood pressure, abnormal glucose tolerance, and
insulin resistance are all risk factors for diabetes™”.
Furthermore, an association between chronic inflam-
mation and onset of diabetes has been recently
reported' ' and the levels of the inflammatory marker
C-reactive protein (CRP) has been suggested as a
risk factor for diabetes. Interestingly, large-scale
clinical studies conducted in the US and Europe did
not find any conclusive evidence linking CRP levels
and diabetes”'”. Moreover, CRP levels vary

depending on ethnic group and sex, which can affect
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the risk of onset of diabetes'®.

Relatively few Japanese studies with healthy
adults have been conducted regarding the relation-
ship between CRP levels and diabetes, compared to
the US or European countries. Data from a large-
scale clinical study centered on the Japanese popula-
tion are required to determine the validity and effec-
tiveness of using CRP levels as a risk factor for the
onset of diabetes. Here, we report the results of an
epidemiological study of Japanese females from
Habikino City during routine medical examinations to
study the relationship between CRP levels and the
onset of diabetes.

2. Subjects and Methods

Our CRP reference values for the Japanese
population were obtained from the findings of
Nakamura et al.'"”. The normal value was set to 0.2
mg/dl; the study population was divided into 2 target
groups: a low CRP cohort (measured CRP less than
0.2 mg/dl) and a high CRP cohort (measured CRP
more than 0.2 mg/dl). The values for glycated
hemoglobin (HbA1c) were converted to corresponding
values by the National Glycohemoglobin
Standardization Program (NGSP) using the guide-
lines and basic policies for international standardiza-
tion' these values are referred to as A1C. We classi-
fied subjects with an A1C value above 6.5% as
diabetic, according to the diagnostic criteria set by the
American Diabetes Association (ADA).

1. Cross-sectional study

Of the 7,105 female participants from Habikino
City who underwent a standard medical examination
in the year 2000, 6,729 were selected (average age,
60.3 = 10.5 years) on the basis of completeness of
measured variables for CRP, body mass index (BMI),
systolic/diastolic blood pressure, total cholesterol,
triglycerides, HbAlc, and drinking and smoking
habits. Further, 376 of the 7,105 were excluded from
the study because their CRP levels were above 1.0
mg/dl, which is indicative of systemic inflammatory
disease. We performed a multiple regression analysis

using A1C as the target variable and age, BMI, blood

pressure, total cholesterol, triglycerides, CRP, and
drinking and smoking history as the dependent
variables. We set the ratio of onset of diabetes for the
low CRP cohort to 1 and calculated the adjusted odds
ratio (OR) and that for confidence interval (CI) for
conciseness when representing the data in the results
section. (adjusted factors: age, BMI, and total choles-
terol) for the high CRP cohort using logistic regression

analysis.

2. Longitudinal study

We selected 2,164 non-diabetic participants who
had complete records of the measured variables for the
period between 2001 and 2005 and whose CRP values
were below 1.0 mg/dl. The participants were grouped
into the low CRP or high CRP cohorts, depending on
the CRP values measured in the year 2000. Using
the Kaplan-Meier estimation, we calculated the
cumulative rate of incidence of diabetes during the 5-
year follow-up period from 2000. Adjusted OR were
calculated for the high CRP cohort (adjusted factors:
age, BMI, and total cholesterol) for each year of the 5-
year periods (2000-2001, 2000-2002, 2000-2003,
2000-2004, and 2000-2005), and the onset of diabetes
for the low CRP cohort was set to 1. Additionally, we
monitored changes in CRP levels for each partici-
pant that developed diabetes during the study period in
both cohorts. All statistical analyses were performed
using IBM SPSS version 19.0 for Windows, with a
significance level of 5%.

The protocol of this study was approved by the
Institutional Review Board of Osaka Prefecture
University. All data were collected by health center of
Habikino City, which allowed Osaka Prefecture
University to use these data for analysis.

3. Results

1. Cross-sectional study

Table 1 shows the baseline characteristics of both
low and high CRP cohorts. A significantly higher
A1C value was observed for the high CRP cohort
(5.4 £ 2.6%) than the low CRP cohort (5.1 = 1.4%)
(p < 0.001). Multiple regression analysis using A1C as

the objective variable is shown in Table 2. An
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independent positive correlation was observed between and total cholesterol. The adjusted OR for the onset of
CRP levels and A1C. Furthermore, the same positive diabetes was significantly higher for the high CRP
correlation was observed between A1C and age, BMI, cohort (2,164; 95% CI, 1.194-1.893) than the low

Table I  Characteristics of participants based on C-reactive protein (CRP) levels

Low CRP High CRP
Variables (n=5,312) (n=1,417) P-value
Mean SD Mean SD

Age (y) 59.8 10.3 62.2 104 <0.001
BMI (kg/m?) 22.7 3.0 24.0 3.6 <0.001
Systolic BP (mmHg) 129.3 18.6 133.0 18.1 0.312
Diastolic BP (mmHg) 76.4 10.8 77.6 10.6 0.342
Total-Choresterol (mg/dl) 2133 33.1 216.9 345 0.016
HDL-Choresterol (mg/dl) 64.5 14.9 60.0 14.8 0.822
Triglyceride (mg/dl) 1142 59.7 1344 71.5 <0.001
A1C (%) 5.1 14 54 2.6 <0.001
Current smoking (%) 4.1 — 5.4 — 0.052
Current drinking (%) 10.7 - 8.0 - 0.003

SD: Standard Deviation. BMI: Body Mass Index. BP: Blood Pressure.
HDL: High Density Lipoprotein. LDL: Low Density Lipoprotein

Table 2~ Multiple regression analysis using A1C as the objective variable

Explanatory Variables A1C (Objective variable) P-value
Regression Coefficient SE 95% CI

Age 0.007 0.002 0.003 — 0.012 0.002
BMI 0.029 0.008 0.014 — 0.044 <0.001
Systolic BP 0.002 0.002 -0.002 — 0.005 0.297
Diastolic BP -0.002 0.003 -0.008 — 0.004 0.457
Total-Choresterol 0.003 0.001 0.001 — 0.004 0.001
HDL-Choresterol -0.002 0.002 -0.006 — 0.001 0.191
Triglyceride 0.001 0.001 -0.001 — 0.002 0.124
C-Reactive Protein 0.538 0.177 0.191 — 0.885 0.002
Current smoking -0.067 0.077 -0.217 — 0.084 0.385
Current drinking -0.029 0.113 -0.250 — 0.191 0.793

SE: Standard Error. BMI: Body Mass Index. BP: Blood Pressure.
HDL: High Density Lipoprotein. LDL: Low Density Lipoprotein

Table 3 Adjusted odds ratio for onset of diabetes based on C-reactive protein (CRP)

Crude OR Multiple adjusted OR*
Followup  Low CRP High CRP 95%CI P-value Low CRP High CRP 95%CI P-value
(n=1,748) (n=416) (n=1,748) (n=416)
2000-2001 1.00 2.53 1.54 — 434 <0.005 1.00 2.13 1.24 — 3.64 0.006
2000-2002 1.00 1.83 1.22 —2.74 0.003 1.00 1.46 0.96 — 2.21 0.077
2000-2003 1.00 2.04 1.44 —2.87 <0.001 1.00 1.56 1.09 —2.23 0.015
2000-2004 1.00 1.93 1.40 — 2.66  <0.001 1.00 1.50 1.07 — 2.09 0.018
2000-2005 1.00 1.86 1.37 — 2,54 <0.001 1.00 1.43 1.03 — 1.98 0.031

*Adjusted for Age, BMI, Total Choesterol
OR: Odds Ratio. CI: Confidence Interval.
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CRP cohort (adjusted OR, 1.00; p < 0.001).

2. Longitudinal study

During the follow-up period, 223 participants
developed diabetes. The cumulative rate of incidence
for the high CRP cohort (18.5%) was significantly
higher than that for the low CRP cohort (9.9%) (Fig. 1).
Moreover, when the adjusted OR for the onset of

20

Cumulative rate of incidence of diabetes (%)
5

diabetes for the low CRP cohort was set to 1, the
adjusted OR for each year of the 5-year period for the
high CRP cohort were 2.212 (95% CI, 1.240-3.640;
2000-2001), 1.456 (95% CI, 0.961-2.208; 2000-2002),
1.557 (95% CI, 1.090-2.225; 2000-2003), 1.497 (95%
CI, 1.072-2.090; 2000-2004), and 1.429 (95% CI,
1.033-1.977; 2000-2005) (Table 3). Average CRP
levels in the low CRP cohort rose continuously leading
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Fig. 3 Changes in the C-reactive protein (CRP) levels in the high CRP cohort until the onset of diabetes.
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up to the year of onset of diabetes and reached its peak
value during that year (Fig. 2). On the other hand, CRP
levels for the high CRP cohort were stable above 0.2
mg/dl for most of the study period (Fig. 3).

4, Discussion

Based on the data above, a significant association
between CRP cohorts and unadjusted rates of
incidence of diabetes was observed in Japanese female
adults from Habikino City surveyed in 2000,
suggesting that CRP levels and the onset of diabetes
are correlated. A significant correlation was also
observed using the predictive power of the logistic
regression model, adjusted for age, BMI, and total
cholesterol. This suggests that CRP levels can be
used as an independent risk factor to predict the onset
of diabetes, similar to its use in other large-scale
epidemiological studies conducted in Japan'->®.
Considering that 9.9% of participants in the low CRP
cohort developed diabetes within 5 years of the study
and that their CRP levels rose as they neared the
onset of diabetes, monitoring CRP levels with age
can be an important aspect of mitigating the onset of
diabetes.

Studies have shown that CRP levels are higher
among subjects with diabetes than among those
without; even among unaffected people, a high A1C
level is correlated with high CRP levels® .
Furthermore, Festa et al.” showed that an independent
interrelationship exists between CRP levels and insulin
resistance. In addition, high blood glucose is known to
accelerate chronic inflammation™ *. These studies
confirm our results regarding the relationship between
rising CRP levels and the onset of diabetes.

Although our study did not analyze highsensi-
tive CRP values, a relationship between conventional
CRP levels and diabetes was observed, similar to that
reported by King et al.*® We believe that monitoring
conventional CRP levels and A1C during routine

examinations can lead to early diagnosis of diabetes.

5. Conclusions

CRP levels were associated with the onset of

diabetes in Japanese female adults. Even a clinically
non-relevant CRP level (0.2-0.3 mg/dl) can be a risk
factor for diabetes; therefore, we believe that careful
monitoring of both CRP and A1C levels with aging

can lead to early detection of diabetes.

Acknowledgments

We would like to express our deepest gratitude to
the late Masahide Imaki for the beneficial sugges-
tions and advice during the course of this study.

References

1) IDF: Diabetes Altas, Fifth Edition, 2011.

2) Tominaga M, Eguchi H, Manaka H, Igarashi K, Kato T,
Sekikawa A: Impaired glucose tolerance is a risk
factor for cardiovascular disease, but not impaired
fasting glucose. The Funagata Diabetes Study. Diabetes
Care, 22: 920-924, 1999.

3) Daimon M, Oizumi T, Saitoh T, Kameda W, Hirata A,
Yamaguchi H, Ohnuma H, Igarashi M, Tominaga M,
Kato T: Decreased serum levels of adiponectin are a
risk factor for the progression to type 2 diabetes in the
Japanese Population: the Funagata study. Diabetes
Care, 26: 2015-2020, 2003.

4) Sekikawa A, Eguchi H, Igarashi K, Tominaga M, Abe
T, Fukuyama H, Kato T: Waist to hip ratio, body mass
index, and glucose intolerance from Funagata popula-
tion-based diabetes survey in Japan. Tohoku J Exp
Med, 189: 11-20, 2000.

5) Ohnishi H, Saitoh S, Takagi S, Katoh N, Chiba Y,
Akasaka H, Nakamura Y, Shimamoto K: Incidence of
type 2 diabetes in individuals with central obesity in a
rural Japanese population. The Tanno and Sobetsu
study. Diabetes Care, 29: 1128-1129, 2006.

6) Hayashi T, Tsumura K, Suematsu C, Endo G, Fujii S,
Okada K: High normal blood pressure, hypertension,
and the risk of type 2 diabetes in Japanese men. The
Osaka Health Survey. Diabetes Care, 22: 1683-1687,
1999.

7) Ohmura T, Ueda K, Kiyohara Y, Kato I, Iwamoto H,
Nakayama K, Nomiyama K, Ohmori S, Yoshitake T,
Shinkawa A, Hasuo Y, Fujishilna M: The association of
the insulin resistance syndrome with impaired glucose
tolerance and NIDDM in the Japanese general popula-
tion: the Hisayama study. Diabetologia, 37: 897-904,
1994.

8) Chei CL, Iso H, Yamagishi K, Tanigawa T, Cui R,
Imano H, Kiyama M, Kitamura A, Sato S, Shimamoto

T: Body fat distribution and the risk of hypertension and

— 424 —



9)

10)

11)

12)

13)

14)

15)

16)

17)

Journal of Analytical Bio-Science

diabetes among Japanese men and women. Hypertens
Res, 31: 851-857, 2008.

Mukai N, Doi Y, Ninomiya T, Hata J, Yonemoto K,
Iwase M, lida M, Kiyohara Y: Impact of metabolic
syndrome compared with impaired fasting glucose on
the development of type 2 diabetes in a general Japanese
population: the Hisayama study. Diabetes Care, 32:
2288-2293, 2009.

Tabdk AG, Jokela M, Akbaraly TN, Brunner EJ,
Kivimiki M, Witte DR: Trajectories of glycaemia,
insulin sensitivity, and insulin secretion before diagnosis
of type 2 diabetes: an analysis from the Whitehall IT
study. Lancet, 373: 2215-2221, 2009.

Ruslan M: Origin and physiological roles of inflam-
mation. Nature, 454: 428-435, 2008.

Alain GB, Gregory LB, James AO, Mercedes RC,
Dhananjay V, Graham B, Nancy SJ, Pamela O, Jerome
IR: Inflammation and the Incidence of Type 2 Diabetes.
Diabetes Care, 33: 804-810, 2010.

Andreas F, Ralph DA, Russell PT, Steven MH: Elevated
Levels of Acute-Phase Proteins and Plasminogen
Activator Inhibitor-1 Predict the Development of Type
2 Diabetes. Diabetes, 51: 1131-1137, 2002.

Thorand B, Lowel H, Schneider A, Kolb H, Meisinger
C, Frohlich M, Koenig W: C-reactive protein as a
predictor for incident diabetes mellitus among middle-
aged men: results from the MONICA Augsburg cohort
study, 1984-1998. Arch Intern Med,163: 93-99, 2003.
Krakoff J, Funahashi T, Stehouwer CD, Schalkwijk
CG, Tanaka S, Matsuzawa Y, Kobes S, Tataranni PA,
Hanson RL, Knowler WC, Lindsay RS: Inflammatory
markers, adiponectin, and risk of type 2 diabetes in
the Pima Indian. Diabetes Care, 26: 1745-1751, 2003.
Sekikawa A, Curb JD, Ueshima H, El-Saed A,
Kadowaki T, Abbott RD, Evans RW, Rodriguez BL,
Okamura T, Sutton-Tyrrell K, Nakamura Y, Masaki
K, Edmundowicz D, Kashiwagi A, Willcox BJ,
Takamiya T, Mitsunami K, Seto TB, Murata K, White
RL, Kuller LH: Marine-derived n-3 fatty acids and
atherosclerosis in Japanese, Japanese-American, and
white men: a cross-sectional study. J Am Coll Cardiol,
52:417-424, 2008.

Nakamura H, Yamashita T, Honma Y: C-reactive
protein: Japanese reference interval and risk degree
evalution of arteriosclerosis [Jpn]. Clinical examination,
46: 951-958, 2002.

18)

19)

20)

21)

22)

23)

24)

25)

26)

— 425 —

Atsunori K, Masato K, Eiichi A, Yoshitomo O, Toshiaki
H, Hiroshi I, Makoto T, Shinichi O, Mitsuhiko N,
Takahiko K, Tokio S, Mitsuyoshi N, Mitsuru H,
Takayuki S, Yoshihiko N, Katsuhiko K, Kohjiro U,
Izumi T, Masao U, Masami M, Minoru Y, Yutaka Y,
Hatsumi O: Committee on the Standardization of
Diabetes Mellitus-Related Laboratory Testing of Japan
Diabetes Society: International clinical harmonization of
glycated hemoglobin in Japan: From Japan Diabetes
Society to National Glycohemoglobin Standardization
Program values. J Diabetes Invest, 3: 39-40, 2012.
Doi Y, Kiyohara Y, Kubo M, Ninomiya T, Wakugawa
Y, Yonemoto K, Iwase M, Iida M: Elevated C-reactive
protein is a predictor of the development of diabetes in
a general Japanese population: the Hisayama Study.
Diabetes Care, 28: 2497-2500, 2005.

Nakanishi S, Yamane K, Kamei N, Okubo M, Kohno
N: Elevated C-reactive protein is a risk factor for the
development of type 2 diabetes in Japanese Americans.
Diabetes Care, 26: 2754-2757, 2003.

Ford ES: Body mass index, diabetes, and C-reactive
protein among U.S. Adults. Diabetes Care, 22: 1971-
1977, 1999.

Wu T, Dorn JP, Donahue RP, Sempos CT, Trevisan M:
Associations of serum C-reactive protein with fasting
insulin, glucose, and glycosylated hemoglobin. Am J
Epidemiol, 155: 65-71, 2002.

Festa A, D'Agostino R Jr, Tracy RP, Haffner SM:
Elevated levels of acute phase proteins and plasminogen
activator inhibitor-1 predict the development of type 2
diabetes: the Insulin Resistance Atherosclerosis Study.
Diabetes, 51: 1131-1137, 2002.

Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW:
C-reactive protein in healthy subjects: associations with
obesity, insulin resistance, and endothelial dysfunc-
tion: a potential role for cytokines originating from
adipose tissue. Arterioscler Thromb Vasc Biol, 19:
972-978, 1999.

Fichtlscherer S, Rosenberger G, Walter DH, Breuer S,
Dimmeler S, Zeiher AM: Elevated C-reactive protein
levels and impaired endothelial vasoreactivity in patients
with coronary artery disease. Circulation, 102: 1000-
1006, 2000.

King DE, Mainous AG 3rd, Buchanan TA, Pearson
WS: C-reactive protein and glycemic control in adults
with diabetes. Diabetes Care, 26: 1535-1539, 2003.



