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ABSTRACT 

 

Chronic inflammation and glucose control            

in an elderly Korean population 

Soo Kyoung Kim 

 

Department of Public Health 

The Graduate School Yonsei University 

 

(Directed by Professor Hyeon Chang Kim, MD, PhD) 

 

Background: 

Diabetes is one of major causes of cardiovascular. It is a highly significant social 

burden in Korean society as other countries. Previous studies suggest that chronic 

systemic inflammation might impair glucose control and lead to development of diabetes. 

However there are few studies about the relationships between inflammation and glucose 
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control in Korea. Also studies done with elderly and healthy population are not sufficient. 

Therefore in this study, the association of three inflammation markers; C-reactive protein 

(CRP), erythrocyte sedimentation rate (ESR), and white blood cell count (WBC); with 

glycated hemoglobin (HbA1c) was assessed. 

 

Methods: 

Data of this study were obtained from participants aged more than 65 years of 

the Korean Urban Rural Elderly (KURE) study, a community-based prospective cohort. 

People with known diabetes, missing values, and people with acute inflammation were 

excluded. Multiple linear regression models were used to assess the linear associations of 

each inflammation marker and HbA1c. Additionally, the associations of quartiles of each 

inflammation marker and HbA1c were analyzed. Covariates were age, body mass index 

(BMI), waist-to-hip ratio (WHR), smoking, alcohol drinking, physical activity and family 

history of diabetes. All analyses were done for each sex because of the significant sex 

difference in most of the variables.  

 

Results: 

The mean ages were 72.7 years in men and 71.3 in women. In multiple linear 

regression models, only WBC among three inflammation markers showed independent 
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associations with HbA1c level in men (0.0300% higher HbA1c per 1000 WBC /μL, 

p=0.0023) and women (0.0463% higher HbA1c per 1000 WBC /μL, p<0.0001). CRP was 

not significantly associated with HbA1c in both men (p=0.7581) and women (p=0.1035). 

Neither ESR was significantly associated with HbA1c in both men (p=0.2360) and 

women (p=0.3698). For quartiles of inflammation markers, higher quartiles of WBC also 

showed significant associations with higher HbA1c. The highest quartile of CRP was 

associated with higher HbA1c not in men but only in women (difference in HbA1c 

between the highest and lowest quartile was 0.0661 %, p=0.0190). There wasn‟t any 

association between ESR and HbA1c in both men and women.  

 

Conclusion: 

Higher WBC showed strong independent association with higher HbA1c in both 

men and women. The association was greater in women than in men. CRP may have a 

non-linear association with HbA1c in women.  

 

Keywords: Glycated hemoglobin, inflammation markers, C-reactive protein, 

erythrocyte sedimentation rate, white blood cell count, diabetes, glucose control. 
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Chronic inflammation and glucose control            

in an elderly Korean population 

Soo Kyoung Kim 

 

Department of Public Health 

The Graduate School Yonsei University 

 

(Directed by Professor Hyeon Chang Kim, MD, PhD) 

 

 

Ⅰ. INTRODUCTION 

 

Diabetes is the one of major causes of cardiovascular diseases and also leading 

cause of mortality. In Korea among adults aged above 30 years, the prevalence of 

diabetes is 30.4 % and the prevalence of impaired fasting glucose (fasting plasma glucose 
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with 100 ~ 125 mg/dL in person without diabetes) is 24.8 %. Especially among people 

above 65 years old, almost one in three person (30.4 %) suffer from diabetes. (Korean 

Diabetes Association. 2016) Diabetes is a highly significant social burden in Korean 

society as other countries.  

Some known risk factors of type 2 diabetes are family history of diabetes, 

obesity, lack of exercise, poor diet, and et cetera. In western countries a number of studies 

were done to find out new risk factors for impaired glucose control and diabetes. 

According to some previous studies, light systemic inflammation might 

construct glucose control or lead to development of diabetes. (Barzilay, Abraham et al. 

2001, Pradhan, Manson et al. 2001, Vozarova, Weyer et al. 2002, Duncan, Schmidt et al. 

2003) However, there are few studies performed with this subject in Korea and the 

studies with elderly people or studies with population who have not been diagnosed as 

diabetes are insufficient. Therefore I judged that study about the association between 

inflammation and glucose control in apparently healthy elderly Korean population is still 

to be discovered. 

In this study I assessed the association between three inflammation markers and 

glucose control. I selected C-reactive protein (CRP), erythrocyte sedimentation rate 

(ESR), and white blood cell count (WBC) as three inflammation markers, which are 

relatively easily measurable inflammation markers attained by simple blood test. For the 

variable for glucose control, I selected glycated hemoglobin (HbA1c), which is also an 
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commonly measured marker to evaluate relatively long-term glucose control.  

 

 

Ⅱ. METHODS 

 

1. Study population 

Study participants were selected from the Korean Urban Rural Elderly (KURE) study, 

a community-based prospective cohort of community-dwelling people aged 65 or older. 

The baseline data were collected between year 2012 and 2015, and health 

examinations were conducted in a central research center in Seoul. Among total of 3518 

participants, 731 have said that they had been diagnosed as diabetes. They were excluded 

because they were considered to have been received any treatment affecting HbA1c level. 

People with missing values in critical variables (n=6) and people considered to have acute 

inflammation, CRP ≥10 mg/L or WBC ≥14,000 /μL (n=68), were additionally excluded. 

The criteria for acute inflammation were attained from previous studies. (Stuart and 

Whicher 1988, Clyne and Olshaker 1999, Gabay and Kushner 1999, Bentley, Bradley et 

al. 2000) For ESR, the level above 100mm/h is considered as acute inflammation, 

(Zacharski and Kyle 1967, Fincher and Page 1986, Brigden 1998) but there was no 

person who has ESR level above 100 mm/h in this study population. At last total of 2713 

people were included in this study. All participants have provided written informed 
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consent.  

 

2. Measurements 

General demographic features and health information were obtained by face-to-face 

interview. People were asked to report socioeconomic status such as education level, 

occupation, household income, family income and marital status. They also were asked 

about general health and medical history, including current and past medical history, 

family history, subjective health status, falling, fracture and pain. Smoking history, 

alcohol drinking (in this study people who drink more than once per a week were 

considered regular alcohol drinker), sleep, and self-reported physical activity : (1) non-

active (mostly resting or lying down), (2) less active (mostly sitting without exercise), (3) 

active (mostly sitting but with regular light exercise, commuting, housework, standing at 

work, etc.), (4) very active (mostly standing or vigorous exercise) were also obtained. 

For anthropometric measurements height, body weight, circumferences of waist, hip 

thigh and calf were measured. Waist circumference was measured over the midpoint 

between the lower border of the ribs and iliac crest in the mid-axillary plane. Hip 

circumference was measured over the longest point of the buttocks. Waist-to-hip 

circumference Body mass index (BMI, kg/m
2
) was calculated as weight in kilograms 

divided by the square of height in meters.  

Blood and urine samples were collected in the morning after an overnight fasting. 
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Blood samples were centrifuged for 10 minutes at 3000 rpm 30 minutes after sampling. 

All samples were analyzed in Seoul Clinical Laboratories (Seoul, Korea). Biochemical 

tests for complete blood count (including WBC, WBC differential, red blood cell, 

hemoglobin, hematocrit, platelet count, and etc), lipid profile (total cholesterol, 

triglyceride, and high density lipoprotein cholesterol), glucose metabolism (including 

glucose, glycated hemoglobin, and insulin), and inflammation (ESR and CRP), ferritin, 

and urinalysis were conducted. The detailed protocol for this cohort is presented in the 

study protocol (Lee, Kim et al. 2014). 

 

3. Statistical analyses 

General characteristics of study population were presented as means and standard 

deviations, medians and interquartile ranges, or proportions and numbers. The differences 

by sex were assessed by t-tests or chi-squared tests. Because there were significant 

differences in sex of most of the variables, all subsequent analyses were done for each sex.  

Before assessing the associations between inflammation markers and glucose control, 

I assessed the relationships between key. Because inflammation markers such as CRP and 

ESR had skewed distributions, the 1:1 correlations between variables were assessed in 

nonparametric method, Spearman‟s correlation analysis. 

To assess the associations of three inflammation markers; CRP, ESR, and WBC; with 

HbA1c I used multiple linear regression models. Covariates were set up as known to be 
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related with inflammation markers or glucose control by previous studies or by our 

correlation analyses; age, BMI, WHR, smoking, regular alcohol drinking (more than once 

per week), physical activity and family history of diabetes. For WBC, models including 

platelet count and hemoglobin were also proposed because according to some studies 

(Kabat, Kim et al. 2016) (Kabat, Kim et al. 2017) those blood components might act as 

confounders of the association between WBC and HbA1c level. In addition I also divided 

people into quartiles for each inflammatory marker and did regression analyses. I also 

obtained p-for-trend in regression coefficients for HbA1c in each quartile of inflammation 

markers. 

I also estimated odds ratios for being HbA1c level above 6.5 % , which is one of the 

diagnostic criteria for diabetes, (Organization 2006) for quartiles of inflammation markers. 

Covariates were same as previous regression models that I made. Statistical analyses were 

conducted using SAS version-9.4 (SAS Institute, Cary, NC) and p<0.05 was considered 

statistically significant. 
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Ⅲ. RESULTS 

 

1. General characteristics of study populations 

General characteristics of the study populations are shown in Table 1. Among 2713 

of subjects 871 (32.1 %) were men and 1842 (67.9 %) were women. The mean age is 71.7. 

Men (mean age: 72.7 years) were more than 1 year older than women (mean age: 71.3 

years). Although mean BMI of women was higher than that of men, mean waist 

circumference and WHR were higher in men. HbA1c level was significantly (p=0.0245) 

higher in women (5.7 %) compared to men (5.6 %). The proportions of people with 

HbA1c level above 6.5 % were 4.3 % in men and 3.9 % in women, but the difference 

between sexes was not significant (p=0.6245). Fasting serum glucose level was 

significantly higher in men (94.9 mg/dL) than in women (92.9 mg/dL). Mean fasting 

insulin was 6.1 μU/dL in men and 7.2 μU/dL in women, but there was no statistically 

significant difference (p=0.1999). 

For inflammation markers, CRP and WBC were significantly higher in men than in 

women (medians of CRP were 0.73 mg/dL in men and 0.70 mg/dL in women, p=0.0269 

and means of WBC were 5,900 /μL in men and 5,400 /μL in women, p<0.0001). Whereas 

ESR was significantly higher in women than in men (medians of ESR were 7mm/h in 

men and 13mm/h in women, p<0.0001). 

For other blood components, mean platelet count was higher in women (251.0 × 

10
3
/μL) than in men (225.5 ×10

3
/μL). For hemoglobin, men had higher mean hemoglobin 
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level (14.5 g/dL) than women (13.2 g/dL). Mean ferritin level was also higher in men 

(132.6 ng/mL) compared to that of women (82.0 ng/mL). The proportions of current and 

past smoker, regular alcohol drinker were larger in men compared to women.  
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Variables p-value
*

Age, year 71.7 ± 4.6 72.7 ± 4.6 71.3 ± 4.6 <0.0001

HbA1c, % 5.6 ± 0.4 5.6 ± 0.5 5.7 ± 0.4 0.0245

HbA1c >6.5 % 108 37 71 0.6245

Inflammation markers

CRP, mg/L 0.71 0.73 0.70 0.0269

ESR, mm/h 11 7 13 <0.0001

WBC count, ×10
3
/μL 5.5 ± 1.5 5.9 ± 1.6 5.4 ± 1.4 <0.0001

BMI, kg/m
2 24.1 ± 3.0 23.7 ± 2.9 24.3 ± 3.0 <0.0001

Waist, cm 83.6 ± 8.9 85.6 ± 8.6 82.7 ± 8.8 <0.0001

WHR 0.90 ± 0.08 0.92 ± 0.08 0.89 ± 0.08 <0.0001

Fasting serum glucose, mg/dL 93.5 ± 10.3 94.9 ± 11.2 92.9 ± 9.8 <0.0001

Fasting Insulin, μU/dL 6.8 ± 4.4 6.1 ± 4.3 7.2 ± 4.4 0.1999

Platelet count, ×10
3
/μL 242.8 ± 58.6 225.5 ± 59.9 251.0 ± 56.2 <0.0001

Hemoglobin, g/dL 13.6 ± 1.2 14.5 ± 1.2 13.2 ± 0.9 <0.0001

Ferritin, ng/mL 98.2 ± 82.9 132.6 ± 111.9 82.0 ± 58.1 <0.0001

Smoking <0.0001

 Current smokers 167 146 21

 Past smokers 513 483 30

 Non-smokers 2033 242 1791

Alcohol drinking (more than once/week) <0.0001

 Regular drinkers 476 372 104

 Regular non-drinkers 2237 499 1738

Physical activity 0.0003

 Non-active 8 2 6

 Less active 380 101 279

 Active 1846 578 1268

 Very active 479 190 289

Systolic blood pressure, mmHg 128.6 ± 15.4 129.5 ± 14.5 128.2 ± 15.8 0.0289

Diastolic blood pressure, mmHg 73.9 ± 8.8 74.7 ± 8.8 73.5 ± 8.8 0.0010

Abbreviation: HbA1c, glycated hemoglobin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell

count; BMI, body mass index; WHR, waist-to-hip ratio.

[ 0.42 - 1.32] [ 0.43 - 1.40 ] [ 0.41 - 1.29 ]

[ 6 - 19 ] [ 4 - 13 ] [ 7 - 22 ]

(15.2 %)

(68.8 %)

(15.7 %)

(0.3 %)

(14.0 %)

(66.4 %)

(21.8 %)

(0.3 %)

(57.3 %) (94.4 %)

Table 1. General characteristics of the study population

Total (n=2713) Men (n=871) Women (n=1842)

(4.0 %) (4.3 %) (3.9 %)

(17.5 %) (42.7 %) (5.6 %)

(74.9 %) (27.8 %) (97.2 %)

Values are presented as mean ± standard deviation, median [ interquartile range ], or number (%).

*
 p-values were derived form t-tests and chi-squared tests.

(6.2 %)

(18.9 %)

(16.8 %)

(55.5 %)

(1.1 %)

(1.6 %)

(0.2 %)

(11.6 %)

(68.0 %)

(17.7 %)

(82.5 %)



10 

 

2. Correlations between inflammation markers and HbA1c with selected 

confounding factors 

Spearman‟s correlation coefficients were derived for each of inflammation markers, 

HbA1c, and confounding factors. The results are presented in Table 2. 

First for the correlations between HbA1c and other components, in women there 

were significant positive correlation of HbA1c with CRP (r= 0.075, p=0.0014), WBC (r= 

0.168, p<0.0001), and platelet count (r= 0.095, p<0.0001). In men HbA1c showed 

positive correlation with WBC (r= 0.162, p<0.0001) and platelet count (r= 0.109, 

p=0.0013). In both sexes obesity indices showed positive correlation with HbA1c 

(HbA1c and BMI in men; r= 0.199, p<0.0001 and in women; r= 0.170, p<0.0001, HbA1c 

and WHR in men; r= 0.186, p<0.0001 and in women; r= 0.158, p<0.0001). Second for 

the correlations between three inflammatory markers, there were significantly positive 

correlations between CRP and ESR (r= 0.313, p<0.0001 in men, r= 0.296, p<0.0001 in 

women), CRP and WBC (r= 0.201, p<0.0001 in men, r= 0.208, p<0.0001 in women) in 

both sexes. However there was no significant correlation between ESR and WBC in any 

sexes. Third for the correlations between other blood components and inflammation 

markers, ferritin had positive correlations with CRP and WBC in women (r= 0.121, 

p<0.0001 with CRP, r= 0.0064, p=0.0059 with WBC). For men there was significant 

correlation only between ferritin and CRP (r= 0.086, p=0.0112). Platelet count showed 

positive correlation with CRP (r= 0.106, p=0.0017 in men and r= 0.113, p<0.0001 in 

women) and WBC (r= 0.315, p<0.0001 in men and r= 0.330, p<0.0001 in women) in 
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both sexes. In both sexes hemoglobin had positive correlations with WBC (r= 0.208, 

p<0.0001 in men and r= 0.211, p<0.0001 in women), but negative correlations with ESR 

(r= -0.351, p<0.0001 in men and r= -0.324, p<0.0001 in women). As it was confirmed 

from previous study, (BÃ  1967) ESR and age had positive correlation (r= 0.148, 

p<0.0001 in men, r= 0.105, p<0.0001 in women).  

Last for obesity indices, BMI showed positive correlations with CRP and WBC 

in both men and women (for BMI and CRP r= 0.142, p<0.0001 and r= 0.227, p<0.0001 

in men and women respectively, and for BMI and WBC r= 0.083, p=0.0145 and r= 0.132, 

p<0.0001 in men and women respectively). WHR also showed positive correlations with 

CRP and WBC in both sexes (WHR and CRP; r= 0.215, p<0.0001 and r= 0.139, 

p<0.0001 in men and women respectively, WHR and WBC; r= 0.147, p<0.0001 and r=  

0.173, p< 0.0001, in men and women respectively). 
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Variables

HbA1c 0.075 † 0.039 0.168 ‡ 0.038 0.095 ‡ -0.004 0.030 0.170 ‡ 0.158 ‡

CRP 0.061 0.296 ‡ 0.208 ‡ 0.121 ‡ 0.113 ‡ 0.006 0.004 0.227 ‡ 0.139 ‡

ESR 0.052 0.313 ‡ -0.002 0.039 0.038 -0.324 ‡ 0.105 ‡ 0.035 0.003

WBC 0.162 ‡ 0.201 ‡ 0.005 0.064 † 0.330 ‡ 0.211 ‡ 0.120 ‡ 0.132 ‡ 0.173 ‡

Ferritin 0.018 0.086 * 0.034 0.045 -0.032 0.173 ‡ 0.009 0.090 † 0.102 ‡

Platelet 0.109 † 0.106 † 0.057 0.315 ‡ -0.088 † -0.036 0.000 0.004 0.077 †

Hemoglobin 0.011 0.010 -0.351 ‡ 0.208 ‡ 0.168 ‡ -0.089 † -0.115 ‡ 0.126 ‡ 0.081 †

Age 0.055 0.055 0.148 ‡ 0.035 -0.024 -0.057 -0.186 ‡ -0.016 0.086 †

BMI 0.199 ‡ 0.142 ‡ 0.003 0.083 * 0.082 * -0.090 † 0.175 ‡ -0.107 † 0.448 ‡

WHR 0.186 ‡ 0.215 ‡ 0.052 0.147 ‡ 0.086 * 0.001 0.189 ‡ 0.031 0.585 ‡

The blue background shows results in men and the pink background shows results in women.

Results are presented by Spearman's correlation coeffidcients.

-

-

-

-

-

-

-

Table 2. Correlations between inflammation markers and HbA1c with selected confounding factors

Age BMI WHR

Significant correlations are indicated as follows; *p< 0.05, †p< 0.01, ‡p< 0.0001.

HbA1c CRP ESR WBC count Ferritin Platelet Hemoglobin

Abbreviation: HbA1c, glycated hemoglobin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell count;

BMI, body mass index; WHR, waist-to-hip ratio.

-

-

-
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3. Associations of each of inflammation markers, obesity indices, and selected 

confounding factors with HbA1c 

The associations of each variable with HbA1c, estimated from univariate linear 

regression models, are shown in Table 3.  

For inflammatory markers, there was no association between HbA1c and ESR in the 

univariate model. HbA1c had significant association with CRP only in women (0.0253 % 

higher per 1 mg/L increase of CRP, p=0.0015). In case of WBC, higher HbA1c was 

associated with higher WBC in both men and women (0.0410 % higher per 1000 WBC 

/μL increase, p<0.0001 in men and 0.0556 % higher per 1000 WBC /μL increase, 

p<0.0001 in women, respectively). For lifestyle factors, people who have more active 

physical activity had significantly lower HbA1c level in both sexes. (0.0718 % lower per 

a level increase of physical activity, p=0.0067 in men, and 0.0453 % lower per a level 

increase of physical activity, p=0.0094 in women). Smoking and alcohol drinking showed 

significant associations with HbA1c only in men (compared to never smokers current 

smokers had higher HbA1c; β= 0.0850 %, p=0.0381, and compared to non-regular 

drinkers regular drinkers had lower HbA1c; β= -0.0632 %, p=0.0404).  

Additionally for other blood components, in both men and women higher 

HbA1c was associated with higher platelet count (0.0006 % higher per 1000 platelet /μL 

increase, p=0.0153 in men and 0.0007 % higher per 1000 platelet /μL increase, p=0.0002 

in women) while the size of the association was larger in women. For hemoglobin, higher 

HbA1c was associated with higher hemoglobin only in women (0.0218 % higher per 
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1g/dL increase in hemoglobin, p=0.0372). In both men and women, HbA1c had positive 

associations with BMI (0.0312 % higher per 1kg/m
2
 increase in BMI, p<0.0001 in men 

and 0.0251 % higher per 1kg/m
2
 increase in BMI, p<0.0001 in women) and with WHR 

(0.0784 % higher per 0.1 increase in WHR, p<0.0001 in men and 0.0745 % higher per 0.1 

increase in WHR, p<0.0001 in women).  
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β (%) p-value β (%) p-value

CRP, mg/L 0.0011 0.9155 0.0253 0.0015

ESR, mm/h 0.0016 0.2873 0.0009 0.2254

WBC, ×10
3
/μL 0.0410 <0.0001 0.0556 <0.0001

Platelet count, ×10
3
/μL 0.0006 0.0153 0.0007 0.0002

Hemoglobin, g/dL 0.0116 0.3713 0.0218 0.0372

Age, years 0.0013 0.6928 0.0033 0.1269

BMI, kg/m
2 0.0312 <0.0001 0.0251 <0.0001

WHR, per 0.1 increase 0.0784 <0.0001 0.0745 <0.0001

Smoking (compared to non-smoking)

 Past smoking 0.0015 0.9617 -0.0907 0.2456

 Current smoking 0.0850 0.0381 -0.0614 0.5101

Alcohol drinking -0.0635 0.0404 -0.0552 0.1966

 (compared to regular non-drinking)

Physical activity level, per a level increase -0.0718 0.0067 -0.0453 0.0094

Family history of DM 0.2192 0.4019 0.2071 0.0796

 (compared to no family history of DM)

Results are derived from univariate regression analyses.

Table 3.  Association of each variable with HbA1c in men and women

Abbreviation: HbA1c, glycated hemoglobin; CRP, C-reactive protein; ESR, erythrocyte

sedimentation rate; WBC, white blood cell count; BMI, body mass index; WHR, waist-to-hip ratio;

diabetes, DM.

Women (n=1842)Men (n=871)
Variables
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To find out the better obesity index for our study, I derived standardized β for 

each of three inflammation markers by including age, BMI and WHR in models. The 

results are presented in Table 4. Among two obesity indices, BMI showed stronger 

associations with HbA1c than WHR in all three analyses and in both sexes. Especially for 

men, BMI had significant association with HbA1 but for WHR there was no significant 

association with HbA1c. For women both BMI and WHR had significantly positive 

associations with HbA1c, while as I can know from standardized β and p-value, the 

associations were stronger and more significant in BMI. It seems that general obesity is 

more critical on glucose control than central obesity in our study population. 
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β (%)
*

standardized

β
*

p-value β (%)
*

standardized

β
*

p-value

CRP, mg/L -0.0015 -0.0047 0.8882 0.0165 0.0482 0.0368

Age, years 0.0035 0.0352 0.2945 0.0031 0.0332 0.1484

BMI, kg/m
2 0.0277 0.1758 <0.0001 0.0204 0.1465 <0.0001

WHR, per 0.1 increase 0.0367 0.0642 0.0805 0.0417 0.0760 0.0021

Adjusted R
2 0.0396 0.0393

ESR, mm/h 0.0018 0.0396 0.2417 0.0007 0.0211 0.3592

Age, years 0.0027 0.0278 0.4147 0.0029 0.0317 0.1715

BMI, kg/m
2 0.0278 0.1768 <0.0001 0.0212 0.1518 <0.0001

WHR, per 0.1 increase 0.0364 0.0637 0.0818 0.0427 0.0777 0.0017

Adjusted R
2 0.0411 0.0375

WBC , ×10
3
/μL 0.0361 0.1246 0.0002 0.0472 0.1590 <0.0001

Age, years 0.0031 0.0315 0.3451 0.0014 0.0147 0.5190

BMI, kg/m
2 0.0272 0.1726 <0.0001 0.0192 0.1374 <0.0001

WHR, per 0.1 increase 0.0299 0.0524 0.1511 0.0336 0.0612 0.0125

Adjusted R
2 0.0550 0.0613

*
 Results were adjusted for age, BMI, and WHR.

Variables

Men (n=871) Women (n=1842)

Table 4.  Association between each of three inflammation markers (CRP, ESR,

and WBC) and  HbA1c in men and women

Abbreviation: HbA1c, glycated hemoglobin; CRP,  C-reactive protein; ESR, erythrocyte sedimentation

rate; WBC, white blood cell count; BMI, body mass index; WHR, waist-to-hip ratio.
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4. Independent associations between three inflammation markers and HbA1c 

Table 5 to Table 7 shows the independent associations between each of three 

inflammation markers and HbA1c. According to the results derived from previous 

analyses, among two obesity indices I only included BMI in model 1, with other 

covariates. In all three models, BMI still showed positive associations with HbA1c. For 

model with CRP, HbA1c increased 0.0345 % per 1 kg/m
2
 increase in BMI in men 

(p<0.0001) and 0.0238 % per 1 kg/m
2
 increase in BMI in women (p<0.0001). For model 

with ESR, HbA1c increased 0.0346 % per 1 kg/m
2
 increase in BMI in men (p<0.0001) 

and 0.0244 % per 1 kg/m
2
 increase in BMI in women (p<0.0001). For model with WBC, , 

HbA1c increased 0.0329 % per 1 kg/m
2
 increase in BMI in men (p<0.0001) and 0.0217 % 

per 1 kg/m
2
 increase in BMI in women (p<0.0001). Regression coefficients for BMI in all 

models were similar to each other. In model 1, CRP was not significantly associated with 

HbA1c in both men and women (β= -0.0023 %, p=0.8270 in men and β= 0.0136 %, 

p=0.0889 in women). Neither ESR was significantly associated with HbA1c in both sexes 

(β= 0.0018 %, p=0.2384 in men and β= 0.0007 %, p=0.3977 in women). WBC was 

independently associated with HbA1c (0.0309 % higher HbA1c per 1000 WBC /μL 

increase, p=0.0017 in men and 0.0479 % higher HbA1c per 1000 WBC /μL increase, 

p<0.0001 in women). The association was stronger in women than in men. 

In broad outline, life style factors such as physical activity level, cigarette 

smoking or alcohol drinking were associated with HbA1c not in women but only in men. 

In all models for men current smokers had higher HbA1c compared to never-smokers, 
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regular alcohol drinkers had lower HbA1c compared to non-regular drinkers, and people 

who are more active had lower HbA1c. These results were consistent with the results 

obtained in univariate analyses.  

Model 2 shows the results of the model including both obesity indices, BMI and 

WHR. The results were not that different to model 1. CRP wasn‟t significantly associated 

with HbA1c in both men and women (β= -0.0032 %, p=0.7581 in men and β= 0.0129 %, 

p=0.1035 in women). ESR wasn‟t also associated with HbA1c in both sexes (β= 

0.0018 %, p=0.2360 in men and β= 0.0007 %, p=0.3698 in women). While WBC was 

still independently associated with HbA1c (0.0300 % higher HbA1c per 1000 WBC /μL 

increase, p=0.0023 in men and 0.0463 % higher HbA1c per 1000 WBC /μL increase, 

p<0.0001 in women). Life style factors were still significantly associated with HbA1c 

level only in men. For obesity indices, in women both BMI and WHR were positively 

associated with higher HbA1c level in all three models, whereas for men there wasn‟t any 

significant association between WHR and HbA1c.  

For WBC, the model with platelet count and hemoglobin were also assessed. 

The association of WBC and HbA1c level was slightly attenuated but the independent 

association was still robust (0.0244 % higher HbA1c per 1000 WBC /μL increase, 

p=0.0221 in men and 0.0427 % higher HbA1c per 1000 WBC /μL increase, p<0.0001 in 

women, respectively).  
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β (%) p-value β (%) p-value β (%) p-value β (%) p-value

CRP, mg/L -0.0023 0.8270 -0.0032 0.7581 0.0136 0.0889 0.0129 0.1035

Age, years 0.0019 0.5597 0.0016 0.6308 0.0028 0.2009 0.0023 0.2951

BMI, kg/m
2 0.0345 <0.0001 0.0306 <0.0001 0.0238 <0.0001 0.0200 <0.0001

WHR, per 0.1 increase 0.0335 0.1100 0.0408 0.0025

Smoking (compared to non-smoking)

 Past smoking 0.0485 0.1649 0.0475 0.1736 -0.1025 0.1816 -0.1005 0.1891

 Current smoking 0.1571 0.0008 0.1519 0.0013 -0.0254 0.7824 -0.0249 0.7859

Alcohol drinking -0.0726 0.0187 -0.0764 0.0135 -0.0480 0.2561 -0.0468 0.2670

 (compared to regular non-drinking)

Physical activity level -0.0609 0.0207 -0.0587 0.0257 -0.0262 0.1368 -0.0245 0.1636

 (per a level increase)

Family history of DM 0.1705 0.5847 0.1857 0.5515 0.1589 0.1712 0.1564 0.1770

 (compared to no family history of DM)

Adjusted R
2 0.0571 0.0588 0.0350 0.0393

Abbreviation: HbA1c, glycated hemoglobin; CRP, C-reactive protein; BMI, body mass index; WHR, waist-to-hip ratio; diabetes, DM.

*
 Results were adjusted for age, BMI,  smoking, alcohol drinking, physical activity and family history of diabetes.

†
 Results were adjusted for age, BMI, WHR, smoking, alcohol drinking, physical activity and family history of diabetes.

Table 5.  Independent association between CRP and HbA1c in men and women

Women (n=871)

Model 1
*

Model 2
†

Model 1
*

Model 2
†

Men (n=871)
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β (%) p-value β (%) p-value β (%) p-value β (%) p-value

ESR, mm/h 0.0018 0.2384 0.0018 0.2360 0.0007 0.3977 0.0007 0.3698

Age, years 0.0012 0.7262 0.0008 0.8063 0.0026 0.2323 0.0022 0.3403

BMI, kg/m
2 0.0346 <0.0001 0.0307 <0.0001 0.0244 <0.0001 0.0206 <0.0001

WHR, per 0.1 increase 0.0332 0.1122 0.0416 0.0021

Smoking (compared to non-smoking)

 Past smoking 0.0459 0.1895 0.0448 0.1994 -0.1041 0.1752 -0.1019 0.1832

 Current smoking 0.1560 0.0009 0.1507 0.0013 -0.0183 0.8421 -0.0183 0.8413

Alcohol drinking -0.0747 0.0156 -0.0785 0.0112 -0.0488 0.2478 -0.0475 0.2595

 (compared to regular non-drinking)

Physical activity level -0.0594 0.0240 -0.0571 0.0299 -0.0268 0.1277 -0.0250 0.1549

 (per a level increase)

Family history of DM 0.1765 0.5711 0.1924 0.5368 0.1659 0.1531 0.1631 0.1591

 (compared to no family history of DM)

Adjusted R
2 0.0585 0.0602 0.0339 0.0383

*
 Results were adjusted for age, BMI,  smoking, alcohol drinking, physical activity and family history of diabetes.

†
 Results were adjusted for age, BMI, WHR, smoking, alcohol drinking, physical activity and family history of diabetes.

Abbreviation: HbA1c, glycated hemoglobin; ESR, erythrocyte sedimentation rate; BMI, body mass index; WHR, waist-to-hip ratio;

diabetes, DM.

Table 6.  Independent association between ESR and HbA1c in men and women

Men (n=871) Women (n=871)

Model 1
*

Model 2
†

Model 1
*

Model 2
†
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β (%) p-value β (%) p-value β (%) p-value β (%) p-value

WBC, ×10
3
/μL 0.0309 0.0017 0.0300 0.0023 0.0479 <0.0001 0.0463 <0.0001

Age, years 0.0016 0.6233 0.0013 0.6883 0.0013 0.5509 0.0009 0.6667

BMI, kg/m
2 0.0329 <0.0001 0.0295 <0.0001 0.0217 <0.0001 0.0187 <0.0001

WHR, per 0.1 increase 0.0288 0.1669 0.0330 0.0140

Smoking (compared to non-smoking)

 Past smoking 0.0477 0.1694 0.0469 0.1772 -0.1254 0.0983 -0.1231 0.1043

 Current smoking 0.1273 0.0074 0.1236 0.0094 -0.0477 0.5989 -0.0466 0.6068

Alcohol drinking -0.0706 0.0214 -0.0740 0.0161 -0.0589 0.1579 -0.0576 0.1669

 (compared to regular non-drinking)

Physical activity level -0.0567 0.0303 -0.0549 0.0361 -0.0124 0.4777 -0.0115 0.5107

 (per a level increase)

Family history of DM 0.1766 0.5690 0.1902 0.5395 0.1407 0.2197 0.1393 0.2238

 (compared to no family history of DM)

Adjusted R
2 0.0678 0.0688 0.0583 0.0609

*
 Results were adjusted for age, BMI,  smoking, alcohol drinking, physical activity and family history of diabetes.

†
 Results were adjusted for age, BMI, WHR, smoking, alcohol drinking, physical activity and family history of diabetes.

Abbreviation: HbA1c, glycated hemoglobin; WBC, white blood cell count; BMI, body mass index; WHR, waist-to-hip ratio; diabetes, DM.

Men (n=871)

Table 7.  Independent association between WBC and HbA1c in men and women

Women (n=871)

Model 1
*

Model 2
†

Model 1
*

Model 2
†
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5. Associations between quartiles of inflammation markers and HbA1c 

Table 8 shows the results derived from analyses, in which people were divided into 

quartiles according to each inflammation marker. Covariates were set as same as previous 

linear regression analyses. Reference groups were the lowest quartiles of three 

inflammation markers; CRP, ESR, and WBC. For CRP in women, the highest quartile of 

CRP was associated with higher HbA1c (0.0661 % higher HbA1c compared to reference 

group, p=0.0190). P-for-trend also appeared to be significant (p-for-trend=0.0415) and 

this may be because of the significance in the highest quartile. In men there was no 

significant association between quartiles of CRP and HbA1c. Regression coefficients 

were inconsistent between each quartile and p-value also appeared to be non-significant.  

There wasn‟t any significant association between quartiles of ESR and HbA1c. In 

contrast for quartiles of WBC, there were some significant associations with HbA1c. For 

men, the second and the fourth quartile of WBC were associated with significantly higher 

HbA1c level (for the second quartile 0.1035 % higher HbA1c compared to reference 

group, p=0.0175 and for the fourth quartile 0.1695 % higher HbA1c compared to 

reference group, p=0.0001, respectively). P-for-trend was also significant. (p-for-trend= 

0.0010). For women, people with the third quartile and the highest quartile of WBC had 

significantly higher HbA1c (for the third quartile 0.0883 % higher HbA1c compared to 

reference group, p=0.0019 and for the fourth quartile 0.1689 % higher HbA1c compared 

to reference group, p<0.0001, respectively). P-for-trend was also significant as p-for-

trend<0.0001.  
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Range β (%) p-value Range β (%) p-value

CRP, mg/L

Q1 CRP <0.43 CRP <0.41

Q2 0.43≤  CRP <0.73 -0.0267 0.5348 0.41≤  CRP <0.70 0.0099 0.7189

Q3 0.73≤  CRP <1.40 -0.0037 0.9325 0.70≤  CRP <1.29 -0.0064 0.8199

Q4 1.40≤  CRP 0.0137 0.7532 1.29≤  CRP 0.0661 0.0190

p-for-trend

ESR, mm/h

Q1 ESR <4 ESR <7

Q2 4≤  ESR <7 0.0142 0.7513 7≤  ESR <13 -0.0028 0.9214

Q3 7≤  ESR <13 0.0074 0.8617 13≤  ESR <22 -0.0030 0.9159

Q4 13≤  ESR 0.0640 0.1431 22≤  ESR 0.0305 0.2896

p-for-trend

WBC , ×10
3
/μL

Q1 WBC <4.7 WBC <4.3

Q2 4.7≤  WBC <5.6 0.1035 0.0175 4.3≤  WBC <5.2 0.0543 0.0501

Q3 5.6≤  WBC <6.7 0.0488 0.2499 5.2≤  WBC <6.2 0.0883 0.0019

Q4 6.7≤  WBC 0.1695 0.0001 6.2≤  WBC 0.1689 <0.0001

p-for-trend

Abbreviation: HbA1c, glycated hemoglobin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate;

WBC, white blood cell count.

Results were adjusted for age, body mass index, waist-to-hip ratio, smoking, alcohol drinking, physical activity

and family history of diabetes.

Table 8. Associations between quartiles of each inflammation marker and HbA1c in men and women

0.6427 0.0415

0.31310.1794

0.0010 <0.0001

Reference Reference

Reference Reference

Quartiles of

inflammation marker

Men (n=871) Women (n=1842)

Reference Reference
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6. Risk for having high HbA1c according to quartiles of inflammation markers 

Risk, presented by odds ratio (OR) and 95% confidence intervals (CI), for being 

HbA1c above 6.5 % are shown in Table 9. In men there was no significant association 

between each of three inflammatory markers and having HbA1c level above 6.5 %. But 

in women, being in third (5,200/μL≤ WBC <6,200/μL) and fourth (6,200/μL ≤ WBC) 

quartiles of WBC were associated with being HbA1c above 6.5 %. (for the third quartile 

of WBC, OR= 3.27 , 95% CI; 1.16 - 9.22, and for the fourth quartile of WBC OR= 4.71, 

95% CI; 1.72 - 12.90, respectively).  
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Range OR (95% CI) Range OR (95% CI)

CRP, mg/L

Q1 CRP <0.43 CRP <0.41

Q2 0.43≤  CRP <0.73 3.21 (0.85-12.05) 0.41≤  CRP <0.70 0.97 (0.44-2.15)

Q3 0.73≤  CRP <1.40 3.16 (0.86-11.62) 0.70≤  CRP <1.29 0.86 (0.39-1.93)

Q4 1.40≤  CRP 3.13 (0.85-11.62) 1.29≤  CRP 1.96 (0.97-3.94)

ESR, mm/h

Q1 ESR <4 ESR <7

Q2 4≤  ESR <7 1.92 (0.62-5.98) 7≤  ESR <13 0.47 (0.22-0.999)

Q3 7≤  ESR <13 1.37 (0.44-4.24) 13≤  ESR <22 0.81 (0.42-1.57)

Q4 13≤  ESR 2.91 (0.99-8.54) 22≤  ESR 0.85 (0.44-1.64)

WBC , ×10
3
/μL

Q1 WBC <4.7 WBC <4.3

Q2 4.7≤  WBC <5.6 1.69 (0.55-5.22) 4.3≤  WBC <5.2 2.78 (0.97-7.95)

Q3 5.6≤  WBC <6.7 0.93 (0.29-2.99) 5.2≤  WBC <6.2 3.27 (1.16-9.22)

Q4 6.7≤  WBC 2.23 (0.77-6.47) 6.2≤  WBC 4.71 (1.72-12.90)

Results were adjusted for age, body mass index, waist-to-hip ratio, smoking, alcohol drinking, physical activity and

family history of diabetes.

Reference Reference

Abbreviation: HbA1c, glycated hemoglobin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC,

white blood cell count.

Reference Reference

Table 9. Risk for HbA1c above 6.5 % according to each quartile of inflammatory markers in men and women

Quartiles of

inflammation marker

Men (n=871) Women (n=1842)

Reference Reference
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Ⅳ. DISCUSSION 

 

1. Summary 

This study was conducted with the age of 71.7 Korean elderly people, and assessed 

the association between each of three inflammation markers; CRP, ESR, and WBC. When 

I looked at the linear associations, only WBC has showed the independent association 

with high HbA1c in both men and women. Especially the size and the significance of the 

association were much greater in women than in men. For CRP, among the women there 

was significance in the association of CRP with high HbA1c level before adjustment. 

However after the adjustments for confounding factors the significance has disappeared. 

When people were divided into 4 groups by the quartiles of each of three inflammation 

markers, the association between the quartiles of WBC and high HbA1c were quite linear 

trend in both men and women. For CRP the significant association with HbA1c was 

shown only in women in the highest quartile of CRP.  

To sum up the main results, WBC has showed relatively independent and robust 

association with HbA1c in the most of the analyses in both sexes. Especially the 

association was stronger and more significant in women. For CRP, it showed association 

with HbA1c only before adjusting confounders in the linear regression model, and only in 

people with the highest quartile of CRP only in women. For ESR, there wasn‟t any 

meaningful association with HbA1c level in any of the analyses. BMI showed much 
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greater association with HbA1c level compared to WHR. Smoking, alcohol drinking, and 

physical activity were significantly associated with to HbA1c in men, but not in women.  

 

2. Comparisons with previous studies 

There are some prior studies conducted on the similar subject to this study. 

Compared to this study, those studies have showed similarities in some points and 

differences in other phases. In the study conducted with mean age of 27 Pima Indians, 

(Vozarova, Weyer et al. 2002) high WBC was associated with insulin resistance and 

development of type 3 diabetes. The study was done in longitudinal way, which shows 

that the baseline WBC predicts follow-up insulin sensitivity and even development to 

type 2 diabetes.  

Another study was done with 5888 members of the Cardiovascular Health Study, 

study conducted with people above age 65 in United States (Barzilay, Abraham et al. 

2001). In this study, among inflammation markers such as WBC, platelet count, CRP, 

only CRP has showed independent association with diabetes development in people under 

BMI of 24.4. For WBC, there wasn‟t significant association with development of diabetes. 

Although not presented exactly, there were differences in the mean level of WBC and 

CRP compared to our study population. Both WBC and CRP were remarkably higher 

than those of our study population.  

The other study was conducted with middle-aged women, who were mostly 
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white people (Pradhan, Manson et al. 2001). In this study CRP was positively associated 

with development of type 2 diabetes even after adjustment of potential confounders. 

Although this study also doesn't really show up in detail, the CRP level in both case group 

and the control group was remarkably lower than that of our study population.  

 

3. Possible explanations 

Among inflammation markers, WBC has showed positive association with HbA1c 

level in both sexes. Although the exact mechanism is not clear, there are some possible 

mechanisms which can explain the association.  

First, inflammation causes endothelial dysfunction, which induces reduction of 

vascular permeability and reduction of blood flow. So that insulin cannot be delivered 

sufficiently where necessary. As a result glucose level is not well controlled (Pinkney, 

Stehouwer et al. 1997, Pradhan, Manson et al. 2001). Another possible explanation is that 

when there is chronic inflammation, WBC is elevated. Because activated WBC produces 

cytokine such as interleukin 6, cytokine production is stimulated. Cytokine inhibits 

insulin receptors of cells, which causes insulin resistance (Hotamisligil and Spiegelman 

1994, Pickup and Crook 1998, Vozarova, Weyer et al. 2002). As a result glucose level is 

not properly controlled.  

The reason for sex difference in the association between WBC and HbA1c might 

be explained by the role of sex hormone in the link between WBC and insulin sensitivity 
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(Athens 1993). Although the exact mechanism cannot be revealed, receptors of hormones, 

including receptors of sex hormone, in the surface of WBC is known to affect activity or 

maturation of the cell (Pederson and Beck-Nielsen 1976, Ciocca and Vargas Roig 1995). 

Therefore this impact of hormone receptors on cell function may affect WBC‟s action on 

insulin sensitivity in turn.   

 

4. Strengths and limitations 

There are some strengths of this study. First, this study was conducted with 

community-based Korean elderly population. Because people who had been diagnosed 

with diabetes were excluded, I could observe how HbA1c level differs according to 

degree of inflammation in relatively healthy Korean population. Also various 

confounders were measured through health examination so they could be considered as 

far as possible. Thanks to this I could assess the comparatively independent associations 

between chronic inflammation markers and glycated hemoglobin level.  

Diabetes is a disease that has a high incidence and disease that imposes significant 

scale of burden in Korean society. Particularly in elderly population, not only diabetes 

prevalence but also impaired fasting glucose prevalence is high (Korean Diabetes 

Association. 2016). This study could contribute to finding new factor of diabetes in 

Korean population so that could provide guidelines to glucose management and lower 

diabetes prevalence. The hypothesis that the inflammation predisposes a various kinds of 
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diseases including diabetes has been raised since more than 10 years ago and this is also 

called as „common soil‟ theory (Jarrett and Shipley 1988, Stern 1995, Schmidt, Watson et 

al. 1996). Through this study, this relevance has been identified in elderly population of 

Korea and from this point on this study is worth value.  

 

However this study also has several limitations. First, because this study was 

conducted as cross-sectional study, the causal relationship between chronic inflammation 

and impaired glucose control is not obvious. Second, since this study only included 

elderly people in some parts of Korea, they may not represent the Korean elderly 

population. Third, other inflammation markers such as interleukin 6, fibrinogen, factor-Ⅷ, 

or sialic acid could not be considered in this study because they were not available from 

our data. Lastly, unmeasured or unexpected confounders might exist. 
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Ⅴ. CONCLUSION 

In community-dwelling Korean elderly population without known diabetes, 

higher WBC showed independent association with higher HbA1c level in both men and 

women. And the association was greater in women than in men. For CRP, there may be 

nonlinear association with HbA1c only in women. Further research is required to reveal 

the relationship between chronic inflammation and glucose control level.  
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ABSTRACT (KOREAN) 

 

한국 노년기 인구에서 만성 염증과                        

혈당 조절 능력 저하 간의 관련성 

 

 

지도교수 김 현 창 

 

연세대학교 대학원 보건학과 

김 수 경 

 

배경 및 목적 

 당뇨병은 심혈관 질환의 주요한 위험요인으로, 한국 사회에서의 유병률과 사회적 부

담이 상당한 질병이다. 선행 연구에 따르면 전신성의 만성 염증은 혈당 조절 능력을 

저하시키고 당뇨 발생으로 이어질 수 있다. 그러나 노년기 인구나 건강한 일반 인구

를 대상으로 한 연구, 특히 동양인을 대상으로 한 연구는 충분하지 않다. 따라서 본 

연구는 한국 노년기 일반 인구에서 C-반응성 단백, 적혈구 침강 속도, 백혈구 수치의 

세 가지 염증 지표와 당화혈색소 간의 관련성에 대해 알아보고자 하였다. 

 

연구 방법 

 본 연구는 Korean Urban Rural Elderly (KURE) study에 참여한 사람들을 대상으로 

수행하였다. 당뇨병을 진단받은 사람, 주요 변수에서 결측치가 있는 사람, 급성기 염

증반응이 있다고 여겨지는 사람은 제외하였다. 다중 선형 회귀분석 방법으로 각각의 

염증 지표와 당화혈색소 간의 독립적 선형적 관련성을 알아보았다. 또한 세 가지 염
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증 지표를 각각 사분위수를 기준으로 나누어 가장 낮은 사분위 군에 비해 다른 군들

의 당화혈색소 수치가 높은지도 분석하였다. 공변량은 연령, 체질량 지수, 허리-엉덩

이 둘레비, 흡연, 음주, 신체활동, 당뇨병 가족력으로 설정하였다. 대부분의 지표에

서 남녀간의 차이를 보였기에 모든 분석은 성별로 나누어 수행하였다.  

 

연구 결과 

 연구 대상의 평균 연령은 남자의 경우 72.7 세 였고 여자의 경우 71.3 세였다. 염증 

지표와 당화혈색소 간의 선형적 관련성은 백혈구 수치에서만 보였으며 이는 남자에서

도 (백혈구 1000/μL 증가 당 당화혈색소가 0.0300 % 만큼 높음, p=0.0023) 여자에서

도 (백혈구 1000/μL 증가 당 당화혈색소가 0.0463 % 만큼 높음, p<0.0001) 양적으로 

유의하였다. 모든 성별에서 C-반응성 단백과 (남자에서 p=0.7581, 여자에서 p=0.1035) 

적혈구 침강 속도는 (남자에서 p=0.2360, 여자에서 p=0.3698) 당화혈색소와 유의한 

선형적 관련성이 없었다. 각 염증 지표를 사분위수를 기준으로 4개의 군으로 나눈 분

석에서도 백혈구 수치는 역시 남녀 모두에서 당화혈색소와 유의한 양적 관련성을 보

였다. C-반응성 단백의 경우, 여자에서는 C-반응성 단백이 가장 높은 사분위군에 속

할 때 당화혈색소 수치가 유의하게 높았다 (C-반응성 단백이 가장 낮은 군에 비해 당

화혈색소가 0.0661 % 높음, p=0.0190). 남자에서는 이러한 관련성이 없었다. 적혈구 

침강 속도의 경우 남녀 모두에서 당화혈색소와의 어떠한 관련성도 나타나지 않았다.  

 

연구 결론 

  높은 백혈구 수치는 남녀 모두에서 높은 당화혈색소 수치와 강한 독립적 관련성을 

보였다. 그 관련성의 크기와 유의성은 남자보다 여자에서 더 크고 강했다. C-반응성 

단백의 경우 여자에서 당화혈색소와의 비선형적 관련성이 있을 수 있다.  

 


