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This study aimed to examine the relationship between hemoglobin A1c (HbA1c), one 

of the indicators of diabetes, and high sensitivity C-reactive protein (hs-CRP), one of 

the indicators of inflammation. Raw data from the Korean National Health and Nutri-

tion Examination Survey (KNHANES, 2015-2017) was analyzed. Among the patients 

diagnosed with diabetes, 1,479 adults were selected as subjects for our study, and their 

HbA1c levels, hs-CRP levels, sex, age, body mass index (BMI), waist circumference, 

level of triglycerides and high-density lipoprotein (HDL)-cholesterol, hypertension, re-

ceipt of diagnosis, monthly average income, education, and drinking and smoking hab-

its were recorded. Multiple regression analysis of hs-CRP was performed by dividing 

hs-CRP into quartiles using HbA1c as the dependent variable. In Model 1, sex, age, 

and BMI were adjusted, and in Model 2, sex, age, BMI, waist circumference, level of 

triglycerides and HDL-cholesterol, hypertension, and receipt of diagnosis were ad-

justed. In Model 3, Model 2 parameters along with monthly average household income, 

education level, and drinking and smoking habits were adjusted. HbA1c levels in-

creased as the hs-CRP quartile increased, that is, 2
nd

 Quartile=0.307, p=0.003; 3
rd

Quartile=0.431, p=0.001; and 4
th

 Quartile=0.550, p=0.001. Of the various factors re-

lated to diabetes, this study examined the relationship between inflammation and 

diabetes.
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INTRODUCTION

The incidence of diabetes is on the rise worldwide. The 

International Diabetes Federation has predicted that a 

global diabetes pandemic will occur by 2035, and 1 in every 

10 people will be diabetic. In Korea, as of 2016, one out of 

eight male adults (12.9%) and one out of ten female adults 

(9.6%) were estimated to have diabetes, which was re-

ported to be close to 10% of all adults in Korea.
1,2

Hemoglobin A1c (HbA1c) can be measured in blood sam-

ples from patients regardless of their fasting or non-fasting 

state. Thus, it can be used as an indicator for diabetes rath-

er than measuring blood sugar levels before meals or 2 

hours after meals. The American Diabetes Association has 

added HbA1c≥6.5% as a diagnostic criterion for diabetes.
3,4

C-reactive protein (CRP) is a 21,500 Da representative 

acute phase inflammation response protein, and its levels 

increase in infection and inflammatory conditions. It is 

mainly synthesized in the liver by stimulation of inflam-

matory cytokines such as interleukin-6, and its half-life is 

up to 19 hours.
5
 With the advancement of technology, a high 

sensitivity (hs)-CRP measurement method was developed, 

enabling the measurement of CRP with high precision even 

at low concentrations and the measurement of mild CRP 

elevation due to chronic inflammation.
6
 In few cases, CRP 

is known to be produced locally by lymphocytes or smooth 

muscle cells and monocytes in atherosclerotic lesions.
7

According to previous studies, hs-CRP levels are related 

to race, body mass index (BMI), education level, income, in-

surance status, disability status, smoking habits, high 
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blood pressure, and diabetes.
8
 Recently, many studies 

demonstrated that inflammation plays an important role 

in the occurrence of arteriosclerosis and cardiovascular 

diseases, leading to increased interest in this field. In addi-

tion, some previous studies suggest that the blood concen-

tration of hs-CRP may help in predicting the development 

of metabolic syndrome and diabetes in adults by dividing 

hs-CRP levels into quartiles.

For example, according to the Hoorn Study, the group 

with high CRP levels had higher fasting blood glucose lev-

els and type 2 diabetes than other groups.
9
 

According to a study examining the relationship be-

tween hs-CRP and alcohol consumption, hs-CRP levels 

were the lowest in people who drank moderately, around 

5 to 7 drinks per week.
10

 There was a J-shaped relation be-

tween alcohol intake and hs-CRP levels in women, but no 

significant relationship was observed in men. Thus, differ-

ences based on sex were reported.
11

 Additionally, it has 

been reported that since hs-CRP is also related to metabolic 

syndrome, the concentration of hs-CRP in the blood of peo-

ple with metabolic syndrome was significantly higher than 

that of people without metabolic syndrome.
12

In the KNHANES, hs-CRP was measured recently. Few 

studies have been conducted to determine the relationship 

between diabetes and hs-CRP based on the KNHANES da-

ta and none of the studies utilized the data from the 2017 

survey. In previous studies, to create a normal distribution 

for maintaining the characteristics of continuous varia-

bles, the log values of hs-CRP were measured and expres-

sed in many cases. Several studies on non-diabetic people 

have also been performed. Diabetes mellitus is correlated 

with several factors; indicators associated with diabetes 

are also associated with bone metabolism indicators, and 

related factors are increasingly getting more diverse and 

subdivided.
13

 Of the various factors related to diabetes, this 

study examined the relationship between inflammation and 

diabetes.

In this study, we evaluated the factors that may affect 

the relationship between hs-CRP and HbA1c in diabetic 

patients and report the effects of hs-CRP HbA1c levels in 

diabetic patients while adjusting for the effects of these 

factors.

MATERIALS AND METHODS

1. Subjects

Raw data from the KNHANES (2015-2017) was used. 

Among the subjects diagnosed with diabetes, 1,479 adults 

were selected for our study. Data on HbA1c levels, hs-CRP 

levels, sex, age, BMI, waist circumference, levels of trigly-

cerides and high-density lipoprotein (HDL)-cholesterol, 

hypertension, receipt of diagnosis, monthly average in-

come, education, and drinking and smoking habits were 

recorded. Exemption of review was granted by the Institu-

tional Review Board of Gwangju Veterans Hospital (Human 

2020-13th-1).

2. Methods

The prevalence of hypertension and screening of diabetic 

patients were based on a doctor’s diagnosis. Among the 

blood test indicators, hs-CRP was measured by immuno-

turbidimetry (Cobas, Roche, Germany), and HbA1c was 

measured by high performance liquid chromatography 

(Tosoh G8, Tosoh, Japan). HDL-cholesterol was measured 

by a homogeneous enzymatic colorimetry assay, and trigly-

ceride levels was measured by an enzymatic method. Both 

constituents were then measured by a biochemical ana-

lyzer (Hitachi Automatic Analyzer 7600-210, Hitachi, Japan). 

Other measurements were based on responses to the 

questionnaire. People who had smoked more than 5 packs 

(100 cigarettes) in their lifetime and who still smoked were 

selected as smokers, and alcohol consumption for at least 

one month in the past year was considered drinking. BMI 

was calculated by dividing body weight by the square of 

height. 

 3. Statistical analysis

Statistical processing of data was analyzed using the 

Stata/MP 14.0 program (StataCorp LLC., Texas, USA). All 

variables were analyzed based on their frequency to show 

the basic characteristics of subjects by dividing hs-CRP in-

to quartiles. hs-CRP was analyzed by dividing it into quar-

tiles in multiple regression analyses with HbA1c as the de-

pendent variable. In Model 1, sex, age, and BMI were ad-

justed, and in Model 2, sex, age, BMI, waist circumference, 

triglycerides, HDL-cholesterol, and hypertension were 

adjusted. In Model 3, all Model 2 parameters along with 

monthly average household income, education level, drink-

ing, and smoking habits were adjusted. p=0.05 was consid-

ered to indicate statistical significance.

RESULTS

1. Basic characteristics of research subjects

The total number of subjects in the study was 1,479, with 

an average age of 65.08±11.01 years, average HbA1c level 

of 7.17±1.3, and average hs-CRP value of 1.56±2.44. Vari-

ables such as BMI, waist circumference, triglyceride and 

HDL-C levels, hypertension, HbA1c, and hs-CRP showed 

significant differences between the hs-CRP quintile groups 

(Table 1).

2. Multiple regression analysis of hs-CRP using HbA1c as 

the dependent variable adjusted for variables from 

Model 1 to 3

In Model 1, using HbA1c as the dependent variable, 

which was adjusted for sex, age, and BMI, the regression 

coefficients for each quartile of hs-CRP were found to be as 

follows: 2nd quartile (B=0.307, p=0.003), 3rd quartile (B= 

0.431, p=0.001), and 4th quartile (B=0.550, p=0.001) for 

sex, age, and BMI, respectively. The regression coefficient 

of age was −0.016 (p=0.001), and the regression coeffi-

cients for sex and BMI were not significant.

In Model 2, the regression coefficient for each quartile 
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TABLE 1. Basic characteristics of research subjects by quartile of hs-CRP in diabetic patients

Variables

Quartile of hs-CRP in diabetic patients

p-value
1
st
 quartile

(n=246)

2
nd

 quartile

(n=392)

3
rd

 quartile

(n=361)

4
th

 quartile

(n=480)

Total

(n=1479)

Sex 0.375

Men 114 202 169 245 730 (49.36)

Women 132 190 192 235 749 (50.64)

Age (years) 0.524 65.86±10.15 65.33±10.13 64.72±11.17 64.76±11.96 65.08±11.01

BMI (kg/m
2
) <0.001 23.75±2.72 24.64±2.88 25.57±3.29 26.07±3.97 25.18±3.44

WC (cm) <0.001 84.26±8.24 86.93±7.97 89.73±8.37 90.70±9.90 88.39±9.08

TG (mg/dL) <0.001 129.42±87.54 152.59±102.33 176.47±153.83 174.39±120.62 161.64±121.74

HDL-C (mg/dL) <0.001 47.75±12.95 46.32±11.46 44.88±11.31 43.60±11.34 45.33±11.73

Hypertension 0.005

Non-hypertension 108 164 122 161 555 (37.53)

Hypertension 138 228 239 319 924 (62.47)

Income 0.409 262.65±243.61 285.68±283.13 302.06±280.03 280.86±310.25 284.28±285.48

Education 0.120

Elementary 115 141 165 228 649 (43.88)

Middle school 35 79 61 73 248 (16.77)

High school 57 119 88 105 369 (24.95)

College 39 53 47 74 213 (14.4)

Drinking 0.108

Non-drinking 154 209 214 271 848 (57.34)

Drinking 92 183 147 209 631 (42.66)

Smoking 0.340

Non-smoking 212 329 298 389 1228 (83.03)

Smoking 34 63 63 91 251 (16.97)

HbA1c (%) <0.001 6.80±0.96 7.11±1.27 7.24±1.26 7.36±1.46 7.17±1.3

hs-CRP (mg/L) <0.001 0.28±0.07 0.49±0.73 0.84±0.15 3.62±3.45 1.56±2.44

p-values were calculated by analysis of variance.

Data are presented as mean±SD or number (%).

BMI: body mass index, WC: waist circumference, TG: triglyceride, HDL-C: high density lipoprotein cholesterol, HbA1c: hemoglobin

A1c, hs-CRP: high sensitivity C-reactive protein.

of hs-CRP was found to be as follows: 2nd quartile (B=0.270, 

p=0.009), 3rd quartile (B=0.352, p=0.001), and 4th quartile 

(B=0.488, p=0.001). In Model 2, with HbA1c as the depend-

ent variable, which was additionally adjusted for waist cir-

cumference, levels of triglycerides and HDL-cholesterol, 

and hypertension, each variable increased to the 4th quar-

tile. In terms of sex, there was a difference of 0.205 (p= 

0.005) in the regression coefficient of women as compared 

to men. Age (B=−0.016, p=0.001), BMI (B=−0.075, p= 

0.001), waist circumference (B=0.035, p=0.001), and trigly-

ceride levels (B=0.001, p=0.001) were significant, but the 

HDL-cholesterol level (B=0.004, p=0.187) was not signifi-

cant. The difference in regression coefficients of hyper-

tensive and non-hypertensive subjects was −0.182 (p= 

0.012).

In Model 3, the regression coefficient for each quartile 

of hs-CRP was calculated using HbA1c as the dependent 

variable, which was additionally adjusted for monthly 

average household income, education level, alcohol con-

sumption, and smoking. The regression coefficient for each 

quartile of hs-CRP was found to be the 2nd quartile, 1st 

quartile (B=0.297, p=0.004), 3rd quartile (B=0.357, p=0.001), 

and 4th quartile (B=0.496, p=0.001) for monthly average 

household income, education level, alcohol consumption, and 

smoking, respectively. Similar to Model 2, age (B=−0.021, 

p=0.001), BMI (B=−0.070, p=0.001), waist circumference 

(B=0.032, p=0.001), and triglyceride levels (B=0.001, p= 

0.001) were significant, but HDL-cholesterol (B=0.005, 

p=0.076) was not significant. The difference in regression 

coefficients of hypertensive and non-hypertensive subjects 

was −0.179 (p=0.014). For each education level, the regres-

sion coefficients were based on elementary school, middle 

school (B=−0.202, p=0.042), high school (B=−0.152, p= 

0.104), and university (B=−0.350, p=0.003). Alcohol con-

sumption was significant at −0.200 (p=0.008), but smok-

ing, income level, and sex were not significant (Table 2).

DISCUSSION

This study was conducted to determine the relationship 

between HbA1c and hs-CRP in diabetic patients. We found 

that the regression coefficient value increased as the quar-

tile of hs-CRP increased. Thus, the hs-CRP levels affected 

the HbA1c levels. Even after adjusting for several related 
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TABLE 2. Multiple regression analysis of hs-CRP using HbA1c as the dependent variable adjusted for variables of Model 1 to 3

Variables
Model 1 (R

2
=0.0364) Model 2 (R

2
=0.0638) Model 3 (R

2
=0.0717)

B p B p B p

hs-CRP (mg/L)

1
st
 quartile 0 0 0

2
nd

 quartile 0.307 0.003 0.270 0.009 0.297 0.004

3
rd

 quartile 0.431 <0.001 0.352 0.001 0.357 0.001

4
th

 quartile 0.550 <0.001 0.488 <0.001 0.496 <0.001

Sex

Men 0 0 0

Women 0.068 0.308 0.205 0.005 0.071 0.419

Age (years) −0.016 <0.001 −0.016 <0.001 −0.021 <0.001

BMI (kg/m
2
) −0.002 0.830 −0.075 <0.001 −0.070 <0.001

WC (cm) 0.035 <0.001 0.032 <0.001

TG (mg/dL) 0.001 <0.001 0.001 <0.001

HDL-C (mg/dL) 0.004 0.187 0.005 0.076

Hypertension

Non-hypertension 0 0

Hypertension −0.182 0.012 −0.179 0.014

Income 0.0000323 0.799

Education

Elementary 0

Middle −0.202 0.042

High −0.152 0.104

College −0.350 0.003

Drinking

Non-drinking 0

Drinking −0.200 0.008

Smoking

Non-smoking 0

Smoking 0.095 0.321

p-values were calculated by multiple regression analysis.

R
2
 is adjusted R-squared.

Abbreviations: See Table 1.

variables, HbA1c was found to increase significantly as 

hs-CRP increased (p=0.001). These results suggest an asso-

ciation between blood sugar levels and inflammation in di-

abetic patients, similar to previous studies.
14

 In a study on 

the relationship between hs-CRP and insulin resistance in 

type 2 diabetic patients, it was reported that relatively in-

creased hs-CRP in type 2 diabetic patients was associated 

with increased insulin resistance, even in the normal 

range.
15

 Currently, the hypothesis explaining the relation-

ship between markers of inflammatory response and in-

sulin resistance is that chronic inflammation can act as an 

inducer of insulin resistance or stimulate hs-CRP syn-

thesis by an underlying disease, eventually leading to type 

2 diabetes.
16,17

 For analyzing HbA1c, age, BMI, waist cir-

cumference, triglyceride level, hypertension, education 

level, and alcohol consumption were considered significant 

variables. Our results support previous studies that sug-

gested the association of CRP with an increased risk of dia-

betes and metabolic syndrome.
14

 Sex, HDL-cholesterol lev-

el, income, and smoking status were not significant. The 

explanatory power increased with additional adjustments 

from Model 1 (R
2
=0.0364) to Model 2 (R

2
=0.0638) and 

Model 3 (R
2
=0.0717).

Subjects who were diagnosed with hypertension showed 

a negative relationship with HbA1c. Various drugs (angio-

tensin converting enzyme inhibitors, calcium channel 

blockers, statins, and others) were used as confounders to 

analyze the effects of diabetes, hypertension, dyslipide-

mia, and atherosclerosis in the subjects, and fibrate prepa-

rations, cilostazol, and aspirin were thought to be ad-

ministered to these subjects.
18

 A negative relationship be-

tween age and HbA1c suggests differences in adherence to 

treatment based on age; thus, the younger the patient is, 

the lower is the patient’s adherence to treatment. This is 

presumed to increase the levels of glycated hemoglobin.
19

The reason for selecting factors other than hs-CRP is as 

follows. In a study suggesting the relationship between 

metabolic syndrome and coronary artery disease incidence 

in type 2 diabetes, the concentration of hs-CRP was sig-

nificantly higher in the group with metabolic syndrome 

than in the group without metabolic syndrome.
12

 Triglyc-

eride level, hypertension, HDL-cholesterol level, waist cir-
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cumference, and glycated hemoglobin are factors related 

to metabolic syndrome. Thus, they were selected to inves-

tigate the relationship between diabetes and inflammatory 

markers and metabolic syndrome.

According to a study by Fröhlich et al.,
12

 hs-CRP is corre-

lated with BMI, blood pressure, total cholesterol, trigly-

cerides, HDL-cholesterol, fasting blood sugar, and uric acid 

among other risk factors for metabolic syndrome. BMI was 

mostly correlated with hs-CRP and has been reported to be 

a highly relevant indicator. Thus, BMI was added as a pa-

rameter along with sex and age.

Previous studies have demonstrated that the level of gly-

cated hemoglobin was related to the smoking status in type 

2 diabetes patients. However, in our study, HbA1c levels 

did not differ according to smoking habits.
20

 In addition, 

fasting blood sugar was shown to have a significant rela-

tionship with diabetes in a previous study that identified 

various indicators according to the income of adult diabetic 

patients.
21

 However, in our study, income had little effect 

on HbA1c. 

HbA1c showed a significant relationship with HDL-cho-

lesterol in the non-diabetic group in our study, but a pre-

vious study reported an insignificant relationship between 

HbA1c and HDL-cholesterol in the diabetes patient group. 

Thus, the relationship between HbA1c and such factors 

needs to be further analyzed.
22

The limitations of this study were as follows. The basic 

source of data for this study was the KNHANES data, and 

a complex sample analysis considering weight should be 

performed. Several previous studies have reported that ex-

ercise affects HbA1c levels. However, subjects were not 

evaluated for exercise and drug use.

This study showed the relationship between inflam-

mation markers, represented by hs-CRP, and glycemic 

control, represented by HbA1c and based on big data. 

hs-CRP levels affected HbA1c levels. Even after adjusting 

for several related variables, HbA1c increased signifi-

cantly as hs-CRP increased. Thus, the results of the present 

study can be used as a basis for conducting additional stud-

ies to determine the relationship between diabetes and oth-

er factors.
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