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<ABSTRACT> 

High-normal fasting glucose is a risk factor for arterial stiffness    
in non-diabetic subjects 

 
Jin Young Shin 

 
Department of Medicine  

The Graduate School, Yonsei University  
 

(Directed by Professor Duk Chul Lee) 
 
Background: Fasting plasma glucose (FPG) has been known as a risk 

factor for atherosclerosis. Recently, it has been reported that subjects 

with high-normal fasting glucose level have a high incidence of 

cardiovascular disease. It means that early progression of cardiovascular 

risk factor brings on aggravation of arterial stiffness. However, it is not 

clear that fasting plasma glucose level below the normal range (≤100 

mg/dL) is associated with increased arterial stiffness measured by 

brachial-ankle pulse wave velocity (ba-PWV) in non-diabetic middle to 

older aged healthy subjects. The purpose of study is to investigate the 

relationship of high-normal fasting glucose and arterial stiffness. 

Methods: In this cross-sectional study, a total of 617 people, with an age 

bracket of 40 to 70 years were recruited. Age, sex, body mass index 

(BMI), smoking habit, alcohol intake, exercise, blood pressure, medical 

history, fasting plasma glucose, lipid profile, high sensitivity C-reactive 

protein (hs-CRP),  and  ba-PWV  were  measured. We performed the  
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correlation analysis and multiple linear regression analysis, which 

divided the research subjects into three groups; low-normal glucose 

group (FPG; 65-80 mg/dL), high-normal glucose group (FPG; 80-100 

mg/dL) and IFG group (FPG; 100-125 mg/dL). 

Results: FPG is positively correlated with ba-PWV in non-diabetic 

subjects(r=0.288, P<0.001). In multiple regression analysis, FPG 

remained independently to be correlated with ba-PWV, after adjusting 

confounding variables including age, sex, BMI, blood pressure, hs-CRP, 

lipid profiles and behavioral habits. The mean ba-PWV value of the high-

normal glucose group was higher than that of the low-normal glucose 

group (1377±122 cm/s2 vs.1313±181 cm/s2, P<0.05). The mean ba-PWV 

value in IFG group (1454±193 cm/s2) was higher than two normal 

glucose groups (P<0.001, respectively). 

Conclusions: FPG was positively and independently correlated with 

arterial stiffness. High-normal fasting glucose was associated with the 

aggravation of the arterial stiffness. Further research is needed to search 

the glycemic target value for the prevention of the arterial stiffness in 

clinical and public health settings. 

---------------------------------------------------------------------------------------- 

Key Words: fasting plasma glucose; brachial- ankle pulse wave velocity 

(ba-PWV); arterial stiffness 
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I. INTRODUCTION 
 
Fasting plasma glucose (FPG) is a diagnostic biochemical parameter of diabetes 

mellitus(DM)1 and metabolic syndrome2-3. DM patient exhibits increased 

arterial stiffness that is associated with cardiovascular morbidity and mortality, 

peripheral arterial disease, myocardial dysfunction and congestive heart failure4-

6. Because cardiovascular risk factors are associated with increasing FPG 

without threshold7, the appropriate target level of FPG has been determined 

considering prevalence of diabetes and cardiovascular disease8-10. Recent 

studies have an argument that subjects with high-normal glucose level have a 

high incidence of cardiovascular disease11-15. It means that early progression of 

a cardiovascular risk factor brings on the aggravation of arterial stiffness. 

However, assessment of an arterial stiffness at the early stage of known 

cardiovascular risk in non-diabetic middle to older aged healthy men and 



women has not been tried yet. 

Arterial stiffness can be assessed easily and noninvasively by measuring 

PWV16-17. Brachial-ankle PWV (ba-PWV) was a suitable measurement for 

screening vascular dysfunction and development of atherosclerosis in the 

secondary prevention setting 18. 

On the basis of such consideration, we intend to figure out FPG level below 

the normal range (<100 mg/dL) is associated with increased arterial stiffness 

measured by brachial-ankle PWV in the non-diabetic healthy subjects without 

history of cardiovascular disease. 
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II. MATERIALS AND METHODS 
 

1. Study Population 

 

A total of 722 apparently non-diabetic people aged 40-70 years were recruited 

from May 2007 to August 2008. We excluded 99 subjects who had a past 

history of anti-diabetes medication, stroke and cardiovascular disease such as 

coronary artery disease, peripheral arterial disease, congestive heart failure and 

valvular heart disease. We also excluded six subjects who had an extremely 

low level of fasting glucose (50-65 mg/dL). A total of 617 subjects were 

included in this study. We broke down study population into three groups by 

FPG; low normal group (65 mg/dL ≤FPG<80 mg/dL), high normal group (80 

mg/dL ≤FPG<100 mg/dl) and IFG group (100 mg/dL ≤FPG<126 mg/dL).  

Anthropometric measurements were taken for calculating BMI. To reduce 

variations in measurements, one person measured all anthropometric 

parameters throughout the study. A questionnaire was used to obtain 

participants’ medical history and lifestyle information, such as exercise, 

smoking and alcohol ingestion habits. Subjects were instructed to refrain from 

smoking and from taking coffee, tea and pain medication on the day of 

measurement and from taking alcohol on the day before. After overnight 

fasting, serum glucose, total cholesterol and high density lipoprotein (HDL)-

cholesterol levels were measured by enzymatic procedures using an 



autoanalyser (Bayer, Terrytown, NY, USA). Non-HDL cholesterol was 

subtracted HDL-cholesterol from total cholesterol. Non-HDL cholesterol 

contains all known potential atherogenic lipid particles. Therefore, all 

variables were adjusted by non-HDL cholesterol as good a potential predictor 

of risk for cardiovascular disease19-20. High-sensitivity C-reactive protein (hs-

CRP) was measured by a latex-enhanced immunoturbidimetric assay using an 

ADVIA 1650 Chemistry System (Bayer). This study was approved by the 

institutional review board of Gangnam Severance Hospital, Yonsei University. 

 

2. PWV Measurement 

The ba-PWV was measured using a volume plethysmographic instrument 

(PWV/ABI, Colin Co., Komaki, Japan). This device records the 

phonocardiogram, electrocardiogram, volume pulse form and arterial blood 

pressure at both the left and the right brachial arteries and ankles. The ba-PWV 

was calculated by time-phase analysis between the right brachial artery pressure 

and the volume waveforms at both ankles. The distance between the right 

brachium and the ankle was estimated based on the subject’s height. We used 

the mean ba-PWV for analysis because of significant correlation between the 

right and the left ba-PWV 21. Both ba-PWV were measured after allowing the 

patient to rest in the supine position for five minutes at least in an air-

conditioned room (24 to 26°C). The CVs for reproducibility were 8.4% and 

10.0%, respectively.22   



3. Statistical Analysis 

For statistical analysis, SAS 9·1 was used (SAS Institute, Cary, NC, USA). 

Mean values of clinical characteristics among the three subject groups were 

compared using one-way analysis of variance. Because of the skewed 

distributions of hs-CRP, logarithmically transformed values of these parameters 

were used in the ANOVA-test, correlation analysis and multiple linear 

regression analysis, but untransformed raw data for the values of the mean ± 

standard deviation (SD) were presented in tables. Pearson’s correlation 

coefficients were calculated to evaluate the relationship between ba-PWV and 

clinical variables. A Multiple linear regression analysis was performed to 

determine the independent association between ba-PWV and fasting plasma 

glucose level, after adjusting for age, sex, blood pressure (systolic/diastolic), 

BMI, hs-CRP, HDL-cholesterol, non-HDL cholesterol, exercise, smoking and 

alcohol ingestions. The P value less than 0.05 was set as the limit of statistical 

significance. 
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III. RESULTS 
 
The characteristics of the 617 subjects enrolled in this study were shown in 

Table 1. Mean values of age, BMI, systolic blood pressure, diastolic blood 

pressure, non-HDL cholesterol and the ratio of men were significantly different 

between three groups(P<0.001). Levels of hs-CRP, HDL-cholesterol, and 

percentage of alcohol ingestion were also different between three groups 

(P<0.01).  

 

Table 1.  Clinical and metabolic characteristics of study participants divided by 

fasting plasma glucose (FPG) into 3 groups. 

FPG 65 – 80 mg/dL 

(n=79) 

80 – 100 mg/dL 

(n=408) 

100 – 125 mg/dL 

(n=130) 
P value 

Age (y) 50.1±6.7 52.4±6.7 54.5±7.1 <0.001 

Men (%) 51.9 57.4 76.9 <0.001 

BMI1 (kg/m2) 22.4±2.7 23.4±2.5 24.6±2.6 <0.001 

SBP2 (mmHg) 115.4±13.0 120.5±14.6 126.7±16.6 <0.001 

DBP3 (mmHg) 72.8±8.3 75.9±9.0 79.7±9.6 <0.001 

hs-CRP4 (mg/dL) 0.99±0.96 1.01±0.99 1.28±1.02  0.002 

HDL-Cholesterol (mg/dL) 55.6±13.5 52.6±12.4 50.1±11.6  0.007 

Non-HDL cholesterol(mg/dL) 130.4±33.3 141.6±32.3 150.7±38.6 <0.001 

Smokers5 (%) 24.1 21.8 25.4 0.676 

Alcohol6 (%) 54.1 59.2 73.2 0.007 

Exercise7 (%) 75.7 78.7 73.4 0.356 

  



Data are shown as the mean ± standard deviation and percentage (%). 

P values are calculated by ANOVA test and X2-test. 
1body mass index; 2systolic blood pressure; 3diastolic blood pressure; 4hs-CRP is high 

sensitivity C-reactive protein; 5smokers were defined as current smokers; 6alcohol 

ingestion≥1 time a week; 7doing regular exercise≥4 hours a week.  

 

In age- adjusted Pearson correlation, ba-PWV level was positively correlated 

with FPG, systolic blood pressure, diastolic blood pressure, BMI, hs-CRP and 

non-HDL cholesterol. And it was negatively correlated with HDL-cholesterol, 

as shown in Table 2. Figure 1. showed the positive relationship between ba-

PWV and FPG (r=0.288, P<0.001).  

 
Table 2. Age- adjusted correlations between brachial-ankle pulse wave velocity 

and various parameters (n=617) 

Pulse  Wave  Velocity 
 

r                p-value 

FPG1 (mg/dL) 0.288 <0.001 

BMI2 (kg/m2) 0.121 0.002 

SBP3 (mmHg) 0.522 <0.001 

DBP4 (mmHg) 0.498 <0.001 

hs-CRP5  0.152 0.001 

HDL-Cholesterol (mg/dL) -0.146 <0.001 

Non-HDL cholesterol (mg/dL) 0.119 0.003 

Coefficients (r) and p-values are calculated by age- adjusted Pearson correlation model. 
1Fasting plasma glucose; 2Body mass index; 3Systolic blood pressure; 4Diastolic blood 

pressure; 5hs-CRP is high sensitivity C-reactive protein, logarithmically transformed 

values.                            
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Figure 1.  The relationship between fasting plasma glucose and brachial-ankle pulse 

wave velocity. Fasting plasma glucose was positively correlated with pulse wave 

velocity (r=0.288, P<0.001). 

 

The mean ba-PWV value of the high-normal glucose group was higher than that 

of the low-normal glucose group (1377±122 cm/s2 vs.1313±181 cm/s2, P<0.05). 

The mean ba-PWV value in IFG group (1454±193 cm/s2) was higher than two 

normal glucose groups (P<0.001, respectively)(Figure 2.). These mean values 

were adjusted for age, sex, BMI, systolic blood pressure, diastolic blood 

pressure, logarithmically transformed CRP, HDL-cholesterol, non-HDL 

cholesterol, smoking, exercise and alcohol ingestion. 
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Figure 2. Mean values of brachial-ankle pulse wave velocity according to fasting 

plasma glucose categories in non-diabetic subjects. 

*P<0.001, †P<0.05 

The values are the means ± SE, adjusted by age, sex, body mass index, systolic blood 

pressure, diastolic blood pressure, HDL-cholesterol, non-HDL cholesterol, hs-CRP 

(logarithmically transformed), smoking, alcohol and exercise. P-Values are calculated 

by ANCOVA test. 

 
 

In the multiple linear regression analysis, ba-PWV was found to be 

independently and positively associated with FPG, age, BMI, systolic blood 

pressure, diastolic blood pressure, hs-CRP and non-HDL cholesterol in non-

diabetic subjects, as shown in Table 3. 
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Table 3.  Multiple linear regression analyses to assess the independent 

relationship between pulse wave velocity and clinical variables.  

Pulse Wave Velocity  Variables 
β SE  P value 

FPG 2.431 0.600 <0.001 

Age 9.912 0.887 <0.001 

Sex 6.657 16.166 0.681 

BMI 12.402 2.738 <0.001 

SBP 3.694 0.909 <0.001 

DBP 3.675 1.506  0.015 

hs-CRP 17.482 6.876 0.011 

HDL-cholesterol -0.137 0.534 0.797 

Non-HDL cholesterol  0.375 0.180 0.038 

Smoking 20.081 15.317 0.190 

Alcohol 11.510 14.401 0.425 

Exercise -17.184 14.070 0.223 

r2=0.44 

P<0.001 

Regression coefficients were adjusted for age, sex, systolic blood pressure, diastolic 

blood pressure, BMI, hs-CRP, HDL-cholesterol, non-HDL cholesterol, exercise, 

smoking and alcohol habits. 

FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood 

pressure; Sex: Male, 1: Female, 2; BMI, body mass index; hs-CRP, high-sensitivity C-

reactive protein. 
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IV. DISCUSSION 
 
In this study, subjects with the IFG and high normal glucose level (FPG 80-

125mg/dL) have significantly higher values of ba-PWV compared to subjects in 

the low normal fasting glucose group(FPG 65-80mg/dL). Age, BMI, blood 

pressure, non-HDL cholesterol and hs-CRP as an inflammation marker, which 

were already known as risk factors of atherosclerosis, have higher values in the 

high normal glucose group and IFG group than in the low normal glucose 

group19-20, 23-26. After adjusting for these variables, the fasting plasma glucose 

level is an independent factor for ba-PWV in the non-diabetic healthy subjects. 

Considering the difference of the mean ba-PWV values in the two-divided 

normal glucose groups, arterial stiffness may be already occurred in the high 

normal glucose level. Therefore, high normal glucose is a risk factor of arterial 

stiffness in non-diabetic subjects27-29. A 22-year follow-up study showed among 

non-diabetic men with a FPG > 85 mg/dl had a 1.4-fold higher risk of 

cardiovascular death than men with lower FPG14. In a case-control study, even 

after excluding patients with diabetes, impaired glucose tolerance and impaired 

fasting glucose, subjects with FPG>5.2mmol/l were 2.7 times (95% CI 1.5– 4.8) 

more likely to have an incidence of myocardial infarction15. In a prospective 

study, all-cause mortality and incidence of coronary heart disease were 

increased progressively across the FPG quartiles in non-diabetic elderly women 

30. Our results support that the high normal glucose level is significantly 

associated with target organ damage and vascular dysfunction and extend 



current knowledge by demonstrating the linear independent relationship 

between FPG and arterial stiffness measured by ba- PWV in the non-diabetic 

middle to older aged healthy men and women. Furthermore, we suggest that 

there should be a cut-off point to alleviate arterial stiffness at below the normal 

glucose level. 

A population study reported that men have lower levels of β-cell function, so 

they have higher prevalence of IFG than women31. This finding corresponds to 

our study, but there is no relationship between ba-PWV and sex in adjusted 

multiple regression analyses confounded by age and blood pressure. With aging, 

arterial stiffness is on the rise due to the increased tone of vascular smooth 

muscle and the decline of the endothelial function by reduced Nitric oxide (NO) 

availability32-33. According to the previous studies, our results represented ba-

PWV increased with aging.  

We excluded the six persons with extremely low FPG group (50-65 mg/dL), 

even thought they have no hypoglycemic symptoms, because of the interpretive 

difficulty in statistical significance vis-à-vis other groups presented by the 

paucity of the number in such a group. They get higher ba-PWV values than the 

group with FPG level 65-80 mg/dL. So we supposed that very low FPG is not a 

protective factor of arterial stiffness and the correlation of FPG and ba-PWV is 

a J-shaped curve on the whole range of glucose level34.  
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The results of this study have some limitations. First, as this study was 

organized in the cross-sectional design and carried out in only one center, it was 

not possible to establish the exact pathophysiology between fasting plasma 

glucose and ba-PWV and it did not consider diverse characteristics of different 

local environments. Second, up to five percents of subjects with IFG exhibit 

diabetes if they undergo the 2-hour glucose tolerance testing35. True DM group 

and IFG group were not demarcated by the glucose tolerance test, so some 

people in the IFG group may be included as DM patients. Last, normal fasting 

glucose is randomly divided by two groups. Since the cut off value (80 mg/dL) 

does not mean the protective limit and the risk for arterial stiffness appears to be 

continuous across the glucose range, we will have to search the cut off value for 

the prevention of arterial stiffness in the further clinical and public health 

settings36.  

Although this study has some limitations, this study is the first attempt to make 

a comparison between the arterial stiffness in high normal FPG (80-100 mg/dL) 

and that in low normal FPG (65-80 mg/dL) measured by ba-PWV, for the 

purpose of emphasizing the early prevention of a cardiovascular risk factor. 
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IV. CONCLUSION 
 

In this study, FPG was positively and independently correlated with arterial 

stiffness and high-normal fasting glucose was associated with the aggravation of 

the arterial stiffness. Further research is needed to search the glycemic target 

value for the prevention of the arterial stiffness in clinical and public health 

settings. 
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<국문 요약> 

비 당뇨인에서 공복 혈당과 동맥 경직도의 관련성 

 

 

<지도교수 이 덕 철> 

 

연세대학교 대학원 의학과 

 

신 진 영 

 
 

연구배경: 공복혈당은 동맥경화의 위험인자로서, 최근 높은 

정상 공복 혈당이 심혈관 질환을 증가시킨다는 연구가 있다. 

그러나 중년부터 노년의 건강한 남녀에서 상완-발목 맥파 

속도로 측정한 동맥 경직도와 공복 혈당의 측정을 통한 심혈관 

인자의 조기 악화가 동맥 경직도에 영향을 주는지에 대한 

연구는 아직 불분명하다. 본 연구에서는 비 당뇨인에서 상완-

발목 맥파 속도를 측정하여 동맥 경직도와 공복 혈당의 관계를 

살펴 보고자 한다. 

연구방법: 40 세에서 70 세의 남녀 617 명에게 나이, 약물 

복용력, 흡연, 음주, 운동 습관을 조사하고, 신장, 체중을 

측정하여 체질량지수를 구하며, 혈압, 공복혈당, 지질검사, 

고감도 C-반응성 단백질 및 상완-발목 맥파 속도를 측정한다. 

조사대상을 공복 혈당에 따라 낮은 정상 공복 혈당군(65-

80mg/dl), 높은 정상 공복 혈당군(80-100mg/dl), 공복 혈당 

장애군(100-125mg/dl)으로 나눠 상관 분석 및 다중선형 

회귀분석을 시행하였다. 



결과: 비 당뇨인에서 공복 혈당은 상완-발목 맥파속도와 양의 

상관 관계를 갖는다(r=0.288, P<0.001). 나이, 성별, 체질량지수, 

혈압, 고감도 C-반응성 단백질, 지질 농도 및 생활습관에 대해 

보정한 후에도 공복 혈당은 상완-발목 맥파 속도와 독립적인 

관계를 가진다. 높은 정상 공복 혈당에서의 상완-발목 맥파 

속도의 평균은 낮은 정상 공복 혈당보다 큰 값을 갖는다 

(1377±122 cm/s2 vs.1313±181 cm/s2, P<0.05). 공복 혈당 

장애군에서의 평균 상완-발목 맥파 속도의 값은 다른 두 

정상군에 비해 큰 값을 갖는다(1454±193 cm/s2, P<0.001).  

결론: 본 연구에서 공복 혈당은 동맥 경직도와 양의 상관 

관계를 가지며, 높은 정상 공복 혈당은 동맥 경직도의 악화와 

관련이 있다. 따라서, 동맥 경직도의 악화를 예방하기 위한 

목표 혈당을 찾기 위한 후속 연구가 요구된다. 

---------------------------------------------------------------------------------------- 

핵심되는 말 : 공복 혈당, 상완-발목 맥파 속도, 동맥 경직도 
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