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Abstract

Background: We aimed to investigate early arteriosclerosis and its risk factors in 
populations with prediabetes and new-onset diabetes.
Materials and methods: A total of 148 participants who did not have diabetes mellitus 
were assigned to three groups through an oral glucose tolerance test: the normal 
glucose tolerance (NGT) group; the impaired glucose regulation, also known as 
prediabetes group and the new-onset type 2 diabetes mellitus group. The insulin 
resistance index was assessed using the homeostatic model assessment of insulin 
resistance (HOMA-IR). An ELISA was used to determine the level of fibroblast growth 
factor 21 (FGF21). An arteriosclerosis detector was used to measure the brachial-ankle 
pulse wave velocity (baPWV) and ankle-brachial index (ABI). The baPWV, ABI, and FGF21 
were used to assess early arteriosclerosis.
Results: Significant differences in age, systolic blood pressure (SBP), fasting plasma 
glucose (FPG), 2-h plasma glucose (2hPG), 2-h insulin (2hINS), and HOMA-IR were found 
between the NGT group and the prediabetes and new-onset diabetes groups. All of 
the above, except 2hINS, showed an increasing trend. Moreover, the FGF21 was higher 
in the new-onset diabetes group than in the NGT group. The baPWV was higher in the 
new-onset diabetes group than in the other two groups, but no significant difference 
was noted in the ABI. Age, SBP, diastolic blood pressure, FPG, 2hPG, and FGF21 were 
positively correlated with the baPWV. In addition, FPG, SBP, FGF21, and HOMA-IR were 
independent risk factors for the baPWV.
Conclusions: Patients with prediabetes and new-onset diabetes may have more significant 
early arteriosclerosis. The blood glucose level and insulin resistance index may be 
independent risk factors for early arteriosclerosis.

Background

Many evidence-based medical studies have confirmed 
that cardiovascular and cerebrovascular events are the 
end-point events of patients with diabetes and that the 
pathological bases of diabetic macrovascular lesions are the 
structural and functional lesions of arteries characterized 

by arteriosclerosis. Studies have shown that the severity 
and location of arterial sclerosis are sensitive and specific 
indicators for predicting the risk of cardiovascular events, 
stroke, and amputation in patients with diabetes (1). 
The change in arterial stiffness occurs earlier than the 
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change in arterial structure. Early detection and active 
intervention can effectively eliminate or reduce the serious 
consequences of vascular events.

Decreased elasticity is a good, specific and sensitive 
indicator reflecting arterial vascular lesions in the early 
stage. The brachial-ankle pulse wave velocity (baPWV) is 
currently a classic indicator for assessing arterial vascular 
elasticity. It can effectively detect early changes in the 
compliance of large- and medium-sized arteries. It is 
currently recognized as the optimal method for measuring 
arterial stiffness and has the advantages of simplicity, 
noninvasiveness, reliability, and good repeatability (2). A 
higher baPWV value may suggest higher stiffness of the 
arterial blood vessels and decreased elasticity. The baPWV 
can quickly and accurately evaluate the stiffness of the 
arterial system and identify early vascular lesions, which 
is conducive to early intervention and control of vascular 
lesions (3, 4, 5). The ankle-brachial index (ABI) can 
specifically and sensitively reflect the stenosis, obstruction, 
and calcification of the arterial blood vessels in the lower 
limbs caused by atherosclerosis. It is an accurate, reliable, 
and noninvasive detection index for the early diagnosis 
of peripheral arterial diseases (6, 7). Fibroblast growth 
factor 21 (FGF21) is a metabolic regulator that has multiple 
functions, such as reducing blood glucose and lipids, 
increasing insulin sensitivity, and reversing hepatic 
steatosis. Recent studies have found that increasing the 
concentration of FGF21 in the blood can delay vascular 
endothelial aging (8) and that FGF21 can be used as a cell 
biological marker of vascular aging.

It has been proven that a decrease in arterial elasticity is 
closely related to the level of blood glucose. Hyperglycemia 
can accelerate the occurrence of arteriosclerosis (9, 10). 
Even when diabetes has not yet occurred, an abnormal 
change in the blood glucose level may induce the 
occurrence of early arteriosclerosis and an increase in the 
blood glucose can further aggravate it. However, there have 
been few studies on early arteriosclerosis in populations 
with prediabetes and new-onset diabetes. As a basic 
characteristic of type 2 diabetes mellitus (T2DM), insulin 
resistance plays an important role in the development 
and progression of arteriosclerosis. Insulin resistance is 
present in prediabetes, and populations with prediabetes 
have a high risk of cardiovascular diseases. Therefore, early 
evaluation of early arteriosclerosis in patients with new-
onset diabetes and prediabetes is crucial for the prevention 
of cardiovascular and cerebrovascular diseases. In the 
present study, the baPWV, ABI, and FGF21 were used to 
evaluate early arteriosclerosis in order to research the 
specific risk factors.

Materials and methods

Study population

This was a retrospective study. The participants included in 
this study were screened for diabetes in the endocrinology 
department of our hospital from January 2019 to July 
2019. After undergoing an oral glucose tolerance test 
(OGTT), 48 participants had normal glucose tolerance 
(NGT), 34 had impaired glucose regulation (also known 
as prediabetes), and 66 had new-onset T2DM. Diabetes 
mellitus is a group of metabolic diseases characterized by 
hyperglycemia. High blood sugar is caused by a defective 
secretion of insulin, impaired biological function, or both. 
Long-term hyperglycemia leads to the chronic damage 
and dysfunction of various tissues, especially the eyes, 
kidneys, heart, blood vessels, and nerves. The development 
of diabetes is divided into three stages; the first stage is 
called the 'high-risk group', the second stage is called 'pre-
diabetes' and the third stage is called 'diabetes'. Therefore, 
failing to meet the diagnostic criteria for diabetes is 
called prediabetes. This study was approved by the Ethics 
Committee of the First Hospital of Qinhuangdao (batch 
number: 2018H010), and informed consent was obtained 
from all the participants.

Inclusion and exclusion criteria

Inclusion criteria: (i) patients’ age was older than 18 
years old and (ii) patients signed their informed consent. 
Exclusion criteria: (i) patients had acute glucose metabolic 
disorder; (ii) patients had acute infection; (iii) patients 
had liver and renal dysfunction; (iv) patients had  
acute cardiovascular disease and (v) patients had 
cerebrovascular diseases.

Physical measurement and laboratory test

Height, weight, systolic blood pressure (SBP), and 
diastolic blood pressure (DBP) were measured by trained 
staff, and the BMI (kg/m2) was calculated. Fasting 
venous blood from the eligible participants was drawn 
the next morning after they were water fasted for 8 h. 
A fully automatic biochemical analyzer (Hitachi) was 
used to detect the total cholesterol (TC), triglyceride, 
high-density lipoprotein cholesterol, and low-density 
lipoprotein cholesterol (LDL-C) levels. For the OGTT, 
75 g of anhydrous glucose was taken orally under the 
fasting state. It was dissolved in 250–300 mL of water 
and consumed within 5–10 min. The venous blood was 
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separately collected under the fasting state 2 h after the 
administration of the glucose. The fasting plasma glucose 
(FPG), 2-h plasma glucose (2hPG), fasting insulin (FINS), 
and 2-h insulin (2hINS) levels were detected. In addition, 
4 mL of blood was drawn under the fasting state. The 
serum was separated and stored in a refrigerator at −80°C 
for testing. An ELISA was used for detecting the FGF21. 
The kit was provided by BIM Company (USA), and the 
detection was performed according to the manufacturer’s 
instructions. The serum insulin level was detected using 
a chemiluminescence microparticle immunoassay. The 
kit was provided by Abbott Laboratories. The homeostasis 
model was used to assess the insulin resistance index 
(HOMA-IR = FPG × FINS/22.5).

Measurement of baPWV and ABI and the definition 
of abnormalities

An arteriosclerosis tester (model: HBP-8000) produced by 
Omron Corporation (Japan) was used. The baPWV and ABI 
were measured by specially trained technicians. The room 
temperature of the examination room was maintained at 
22–25°C. Before the measurement, the participants were 
told not to smoke and to remain in a resting state for >5 
min. They were also told to wear thin clothes and stay 
quiet and keep their entire body relaxed at the beginning 
of the measurement. Subsequently, the participants were 
placed in a horizontal position without a pillow. The palms 
of both hands were upward and placed by the sides of the 
body. Blood pressure cuffs were bound to the upper arms 
and the ankles of the lower limbs. The cuff balloon mark on 
the upper arm was aligned with the brachial artery, and the 
lower edge of the cuff was 2–3 cm from the cross-striation 
of the cubital fossa. The cuff balloon mark on the lower 
limb was located on the medial lower limb, and the lower 
edge of the cuff was 1–2 cm from the medial malleolus. 
The measurements were taken twice by the device, and the 
second measurements were the final results. The average 
values of the baPWV and ABI on the left and right sides 
were calculated. The assessment criteria developed by 
the American College of Cardiology (1993) were used: A 
baPWV of <1400 cm/s indicated normal arterial stiffness, 
and a baPWV of >1400 cm/s indicated arteriosclerosis. 
The diagnostic criteria proposed by the American Heart 
Association/American College of Cardiology were used: an 
ABI of <0.9 was defined as peripheral vascular disease.

Sample size estimation

The sample size was calculated by pass 12 software.

Statistical analysis

We used the software program SPSS 13.0 (IBM) to conduct 
the statistical analysis. The continuous variables of 
normal distribution were expressed as the mean ± s.d., 
the continuous variables of non-normal distribution 
were expressed as the median (interquartile range), and 
the categorical variables were expressed as the frequency 
(percentage (%)). For multiple comparisons, each 
value was compared by one-way ANOVA followed by 
Dunnett’s test when each datum was conformed to the 
normal distribution, while the non-normally distributed 
continuous data were compared using non-parametric 
tests. The counting data were tested by the chi-square 
test. The correlation was analyzed using the Pearson 
correlation. The risk factors were screened by multiple 
linear regression analysis. The ABI and baPWV were used 
as the dependent variables, and age, BMI, SBP, DBP, FPG, 
2hPG, FINS, 2hINS, TC, LDL-C, HOMA-IR, and FGF-21 
were used as the independent variables. A P-value of <0.05 
was considered statistically significant.

Results

Results of analysis of general clinical indicators 
among the three groups

The ANOVA showed statistically significant differences 
among the three groups in age, SBP, FPG, 2hPG, 2hINS, and 
HOMA-IR, all of which showed an increasing trend, except 
2hINS. The age and 2hPG were higher in the new-onset 
diabetes group than in the other two groups and were 
higher in the prediabetes group than in the NGT group; 
the differences were statistically significant (P < 0.05). The 
SBP and FPG were higher in the prediabetes and new-onset 
diabetes groups than in the NGT group, but no statistically 
significant difference was found between the prediabetes 
and new-onset diabetes groups. The 2hINS was higher in 
the prediabetes group than in the NGT and new-onset 
diabetes groups, but no statistically significant difference 
was observed between the latter two groups. The HOMA-IR 
was higher in the new-onset diabetes group than in the 
other two groups, and the differences were statistically 
significant (P < 0.05), as shown in Table 1.

Results for comparison of FGF21, baPWV, and ABI 
among the three groups

The ANOVA showed statistically significant differences 
among the three groups in the FGF21 and baPWV (P < 0.05), 
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which showed an increasing trend. The baPWV was higher 
in the new-onset diabetes group than in the other two 
groups and higher in the prediabetes group than in the 
NGT group; the differences were statistically significant 
(P < 0.05). The FGF21 was higher in the new-onset 
diabetes group than in the NGT group (P < 0.05), but no 
statistically significant differences were found between the 
prediabetes and new-onset diabetes groups. Furthermore, 
no statistically significant differences were observed in the 
ABI among the three groups, as shown in Table 1.

Results of the pearson correlation analysis 
of baPWV

Age, SBP, DBP, FPG, 2hPG, and FGF21 were positively 
correlated with the baPWV, as shown in Table 2.

Results of the multiple linear regression analysis of 
the risk factors for baPWV

The baPWV was used as the dependent variable, and age, 
BMI, SBP, DBP, TC, LDL-C, HOMA-IR, and FGF-21 were 
used as independent variables to perform the multiple 
linear regression analysis. The results revealed that SBP, 
FGF21, and HOMA-IR were independent risk factors for 
baPWV, as shown in Table 3. When the baPWV was used 
as the dependent variable, and age, BMI, SBP, DBP, FPG, 
2hPG, FINS, 2hINS, TC, LDL-C, and FGF-21 were used as 

the independent variables to perform the multiple linear 
regression analysis, the results revealed that FPG, SBP, and 
FGF21 were independent risk factors for baPWV, as shown 
in Table 4.

Discussion

The results of the study showed statistically significant 
differences between the new-onset T2DM and prediabetes 
groups and the NGT group in age, SBP, FPG, 2hPG, 2hINS, 

Table 1 Comparison of clinical data and biochemical indicators among the three groups.

Group NGT group (n = 48) Prediabetic group (n = 34) New-onset diabetic group (n = 66) F P

Age (years) 47.85 ± 9.344 52.58 ± 7.71# 58.32 ± 7.77#,& 22.447 <0.001
BMI (kg/m2) 25.58 ± 3.26 27.00 ± 2.73 26.04 ± 3.14 2.132 0.122
SBP (mmHg) 119.71 ± 14.89 128.15 ± 15.77# 129.76 ± 15.23# 6.425 0.002
DBP(mmHg) 77.85 ± 10.83 81.01 ± 8.99 80.31 ± 11.38 1.099 0.333
TG (mmol/L) 1.79 ± 1.05 1.79 ± 0.98 2.03 ± 1.61 0.634 0.532
TC (mmol/L) 5.34 ± 1.13 5.05 ± 0.94 5.49 ± 1.40 1.438 0.241
HDL-c (mmol/L) 1.48 ± 0.36 1.37 ± 0.35 1.34 ± 0.29 2.416 0.093
LDL-c (mmol/L) 2.81 ± 0.887 2.68 ± 0.71 2.91 ± 0.96 0.816 0.444
FPG (mmol/L) 5.03 ± 0.50 5.49 ± 0.71# 7.36 ± 2.53# 27.706 <0.001
2hPG (mmol/L) 6.20 ± 1.12 9.24 ± 1.13# 13.59 ± 4.32#,& 85.841 <0.001
FINS (μU/mL) 8.08 ± 4.43 8.91 ± 4.56 9.30 ± 10.36 0.351 0.704
2hINS (μU/mL) 32.18 ± 21.12 67.00 ± 57.71# 38.41 ± 30.28& 9.915 <0.001
HOMA-IR 1.90 ± 0.81 2.31 ± 0.79 3.09 ± 2.22#,& 8.112 <0.001
FGF21 60.23 ± 14.84 70.78 ± 12.82 78.20±20.60# 8.803 <0.001
ABI 1.18 ± 0.10 1.20 ± 0.09 1.18 ± 0.08 0.896 0.410
BaPWV (m/s) 1366.54 ± 216.53 1469.09 ± 167.30# 1611.92 ± 297.10#& 14.020 <0.001
Smoking rate (%) 22.9% (11) 23.5% (8) 21.2% (14) 0.954 0.539

#P < 0.05, compared with the NGT group; &P < 0.05, compared with the IGT group.
2hINS, 2-h insulin; 2hPG, 2-h plasma glucose; ABI, ankle-brachial index; baPWV, brachial-ankle pulse wave velocity; DBP, diastolic blood pressure; FGF21, 
Fibroblast growth factor 21; FINS, fasting insulin; FPG, fasting plasma glucose; HDL-c, high-density lipoprotein cholesterol; HOMA-IR, the insulin  
resistance index was assessed using the homeostasis model; LDL-c, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total 
cholesterol; TG, triglyceride.

Table 2 Correlation of BaPWV and FGF21 with other variables.

Variables
BaPWV FGF21

r P r P

Age (years) 0.469 <0.001 0.271 0.001
BMI (kg/m2) −0.122 0.141 −0.048 0.566
SBP (mmHg) 0.356 <0.001 0.127 0.123
DBP (mmHg) 0.235 0.004 0.041 0.617
TG (mmol/L) 0.036 0.666 0.084 0.310
TC (mmol/L) 0.147 0.076 0.022 0.791
HDL-c 

(mmol/L)
0.047 0.571 −0.137 0.098

LDL-c (mmol/L) 0.132 0.111 0.037 0.655
FPG (mmol/L) 0.468 <0.001 0.170 0.038
2hPG (mmol/L) 0.512 <0.001 0.351 0.000
FINS (μU/mL) −0.066 0.430 0.050 0.550
2hINS (μU/mL) −0.137 0.105 −0.059 0.487
HOMA-IR 0.370 <0.001 0.068 0.416
FGF21 0.429 <0.001 – –
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and HOMA-IR. Compared with the patients who did not 
have diabetes, the patients with T2DM had double the 
risk of developing cardiovascular diseases (11). The FPG 
level increased by 1 mmol/L (18 mg/dL), and the risk of 
a cardiovascular event or death increased by 17% (12). 
There are some common risk factors for diabetic vascular 
change and arteriosclerosis, which is caused by other 
reasons, such as aging, gender, obesity, hyperlipidemia, 
and hypertension. Diabetes is pathophysiologically 
characterized by insulin resistance, hyposecretion, and 
hyperglycemia; diabetic vascular changes are also closely 
related to it.

However, in this study, the 2hINS showed an increasing 
trend, suggesting that the older the age, the higher the 
incidence of diabetes. The insulin resistance of the patients 
with new-onset diabetes was higher than that of the 
patients with prediabetes. The 2hINS was the highest in 
the patients with prediabetes, indicating that the delayed 
insulin secretion in patients with prediabetes might be 
more significant than that in patients with diabetes.

This study used the recognized noninvasive indicators 
of baPWV and ABI and the cell biological marker FGF21 
to reflect early arteriosclerosis. The baPWV was higher 
in the new-onset diabetes group than in the prediabetes 
group and higher in the prediabetes group than in the 
NGT group. Statistically significant differences in FGF21 
were observed among the three groups. It was higher in 
the new-onset diabetes group than in the NGT group, 
but no significant differences were noted between the 
prediabetes group and the other two groups. Moreover, 
no significant difference in the ABI was found among the 
three groups. Further correlation and regression analyses 
showed that in addition to the SBP, the fasting blood 

glucose and HOMA-IR were closely related to the baPWV. 
As a method for detecting arterial stiffness, the baPWV has 
been widely used in the early assessment and prediction 
of arteriosclerotic diseases. It is a specific and sensitive 
indicator reflecting vascular aging. Previous studies have 
confirmed a significant increase in the baPWV in patients 
with T2DM; however, there have been few studies on 
the baPWV in patients with prediabetes and new-onset 
diabetes. Some studies have reported the baPWV in patients 
with impaired fasting glucose (IFG). A study conducted by 
Ohnish et  al. (13) on the Japanese population found an 
increase in the baPWV in populations with IFG compared 
with individuals with the ideal blood glucose level. Lukich 
et al. (14) analyzed the effect of IFG on carotid and radial 
arterial PWV in the Caucasus population and found an 
increase in the PWV in the IFG group compared with the 
group with the ideal blood glucose level.

In this study, the HOMA-IR and baPWV in the patients 
with prediabetes increased significantly, suggesting that 
diabetic vascular disease might occur in prediabetes. In 
addition to the progression of diabetes at a rate of 5–10% 
per year for the population with prediabetes, an abnormal 
glucose metabolism can increase the risk of macrovascular 
complications, such as coronary heart disease and stroke 
(11). It also increases the total mortality and cardiovascular 
disease mortality (15, 16). Patients with prediabetes have a 
significantly increased risk of macrovascular complications. 
The mechanism is related to hyperinsulinemia, insulin 
resistance, dyslipidemia, abnormal blood pressure, 
vascular endothelial dysfunction, oxidative stress, and 
inflammatory response in this population.

Insulin resistance is considered to be the common 
pathophysiological basis of metabolic disorders and 

Table 3 Regression analysis results of the risk factors for BaPWV.

Variable B s.e. Beta t P 95% CI

Constant 293.979 178.015 – 1.651 0.101 −57.966~645.923
SBP 4.832 1.694 0.282 2.853 0.005 1.484~8.181
FGF-21 4.187 0.843 0.341 4.969 0.000 2.521~5.852
HOMA-IR 47.571 11.018 0.297 4.318 0.000 25.788~69.354

Age, BMI, SBP, DBP, TC, LDL-C, HOMA-IR, and FGF-21 were used as the independent variables.

Table 4 Regression analysis results of the risk factors for BaPWV.

Variable B s.e. Beta t P 95% CI

Constant 310.971 178.248 – 1.745 0.083 −41.671~663.613
SBP 4.675 1.740 0.273 2.686 0.008 1.232~8.118
FGF-21 3.029 0.885 0.240 3.421 0.001 1.278~4.781
FPG 40.651 12.343 0.290 3.294 0.001 16.233~65.070

Age, BMI, SBP, DBP, FPG, 2hPG, FINS, 2hINS, TC, LDL-C, and FGF-21 were used as the independent variables.
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cardiovascular diseases. It is also an important cause 
of atherosclerosis. Furthermore, atherosclerosis is the 
pathological basis for diabetic patients and nondiabetic 
patients, including those with multiple cardiovascular 
and cerebrovascular diseases, such as myocardial 
infarction and stroke. Animal experiments and clinical 
studies have demonstrated that vascular calcification and 
arteriosclerosis are associated with insulin resistance, 
which promotes vascular calcification (17, 18, 19). The 
mechanism of insulin resistance is that the metabolic 
signaling pathway of IRS/PI3K/Akt is impaired, while the 
growth signaling pathway of Shc/Ras/MAPK is enhanced in 
a compensatory way. The metabolic signaling pathway has 
an anti-atherosclerotic effect, while the growth signaling 
pathway has an atherogenic effect. An impaired metabolic 
signaling pathway is the initial factor during insulin 
resistance and promotes the compensatory enhancement 
of the growth signaling pathway. Both have synergistic 
effects and comprise a vicious self-enhanced cycle process. 
This study showed that HOMA-IR was an independent risk 
factor for the baPWV.

Previous studies have shown that serum FGF21 
levels are significantly elevated in patients with T2DM 
(20, 21). This study found that the FGF21 levels were 
elevated in patients with prediabetes and new-onset 
diabetes. Recent studies have revealed that FGF21 
protects against lipotoxicity-induced pancreatic β-cell 
dysfunction by regulating AMP-activated protein kinase 
signal transduction and lipid metabolism (22). Therefore, 
it is considered that an increase in the FGF21 levels in 
diabetic patients is a compensatory increase. While 
FGF21 is preferentially produced in the liver, it has been 
identified as an endocrine and metabolic hormone 
due to its effects on lipids, glucose metabolism, insulin 
sensitivity, and energy balance (23). Studies have found 
that the serum FGF21 levels are significantly elevated 
in patients with carotid atherosclerotic plaques (24). 
Chow  et  al. (25) proposed that FGF21 is independent of 
the known cardiovascular risk factors and that its serum 
level is positively correlated with carotid atherosclerosis. 
In animal and in vitro studies, FGF21 has been shown 
to improve lipid distribution and inhibit key processes 
of the pathogenesis of atherosclerosis. It acts on the 
cardiovascular system through adiponectin-dependent 
and adiponectin-independent mechanisms (26). Yan et al. 
(8) found that FGF21 protects the cells from premature 
aging induced by H2O2 by delaying the replicative 
senescence of the endothelial cells. This study found that 
FGF21 was positively correlated with the baPWV and was 
an independent risk factor for it.

This study found no significant differences in the ABI 
levels among the three groups. This was probably due to 
the fact that the study population comprised of individuals 
screened for prediabetes and new-onset diabetes. The age 
range of the study population was 30–70 years.

It is estimated that 45.8% of patients with adult-onset 
diabetes (174.8 million) are undiagnosed worldwide, and 
the proportion ranges from 24.1 to 75.1% in different 
countries (27). Multiple studies have shown that upon 
combining the early detection of undiagnosed diabetes 
with effective prevention, such as health examinations or 
opportunistic screening methods, an early identification 
of abnormal glucose metabolism and timely interventions 
may be helpful to prevent and delay diabetic complications 
(28, 29).

There were several limitations in this study. First, this 
trial was not a randomized controlled trial. Secondly, this 
study was only a single-center trial. Thirdly, the sample 
size was limited, and, therefore, another trial with a large 
sample size should be conducted in the future.

Conclusion

Patients with prediabetes and new-onset diabetes may have 
more significant early arteriosclerosis. The blood glucose 
level and insulin resistance index may be the independent 
risk factors for early arteriosclerosis.
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