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Objectives.We investigated the relationship between the stage of diabetic retinopathy and pulse wave velocity (PWV).Methods.This
was a cross-sectional study of 689 patients (406 men and 283 women) with type 2 diabetes who were admitted to our hospital from
2004 to 2007. Brachial-ankle pulse wave velocity (baPWV) wasmeasured by an arterial pressuremeasurement device as PWV/ABI.
Diagnosis of diabetic retinopathy was made by ophthalmologists based on the Davis classification: no diabetic retinopathy (NDR),
simple retinopathy (SDR), pre-proliferative retinopathy (pre-PDR), and proliferative retinopathy (PDR). Results. There was a
significant difference in PWV between patients without diabetic retinopathy (1657.0 ± 417.9m/s (mean± SD)) and with diabetic
retinopathy (1847.1 ± 423.9m/s) (𝑃 < 0.001). In addition, the stage of diabetic retinopathy was associated with aortic PWV
(1657.0 ± 417.9m/s in NDR (𝑛 = 420), 1819.4 ± 430.3m/s in SDR (𝑛 = 152), 1862.1 ± 394.0m/s in pre-PDR (𝑛 = 54), and
1901.1 ± 433.5m/s in PDR (𝑛 = 63) (𝑃 < 0.001)). Conclusions. In patients with diabetic retinopathy, even in those with SDR, PWV
was higher than that in patients without diabetic retinopathy. Physicians should therefore pay attention to the value of PWV and
macroangiopathy regardless of the stage of diabetic retinopathy.

1. Introduction

Pulse wave velocity (PWV) has been used as a noninvasive
clinical index of aortic stiffness. It is reported that PWV
of patients with diabetes is higher than that of healthy
subjects [1]. In a Japanese report of more than 10,000 healthy
subjects (age 30 to 74 years), it is reported that the mean
± standard deviation values of PWV are 1331.0 ± 242.0m/s
in male and 1207.0 ± 245.0m/s in female [2]. It is con-
sidered that chronic hyperglycemia causes the progression
of arterial stiffness. Chronic hyperglycemia also causes
progression of diabetic microangiopathy including diabetic
retinopathy. Previous studies have shown that two-hour
plasma glucose, glycated hemoglobin, and fasting plasma
glucose concentrations are predictors of the development of
retinopathy and nephropathy [3, 4]. It was reported that the
association of hyperglycemia with retinopathy is stronger

than that with nephropathy [3]. In addition,microangiopathy
is a strong predictor of the development of the more serious
long-term complications of diabetes such as blindness, end-
stage renal disease, amputation [5], and cardiovascular dis-
ease [6]. Previous studies have shown that PWV, a marker of
arterial stiffness, is associated with the presence of diabetic
retinopathy [7–11].

Retinal capillary microaneurysms are the hallmark of
diabetic retinopathy and its earliest reliable sign, and indi-
vidual acellular capillaries are usually visible histologically
in the earliest stages of diabetic retinopathy. As retinopathy
becomes more severe, larger patches of acellular capillaries
are seen. When lesions like cotton-wool spots, intraretinal
microvascular abnormalities, venous beading, and retinal
hemorrhages are prominent, diabetic retinopathy is consid-
ered pre-proliferative, and new vessels are likely to appear
soon on the surface of the retina or optic disc. When new
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vessels appear on the surface of the retina or optic disc,
diabetic retinopathy is said to have entered the proliferative
stage [12].

To our knowledge, no study has compared PWVwith the
stage of diabetic retinopathy. Therefore, we investigated the
relationship between increased PWVand the stage of diabetic
retinopathy.

2. Methods

2.1. Subjects. From January 2004 to December 2007, 732
Japanese patients with type 2 diabetes who were admitted to
Keio University Hospital (Tokyo, Japan) were consecutively
observed. Among them, 43 patients with acute illness (e.g.,
cardiovascular event, stroke, infection, etc.) were excluded
from the evaluation. Consequently, a total of 689 patients
with type 2 diabetes who were admitted due to having poor
glycemic control were enrolled in this study. All of their
purposes of admission were to control glucose metabolism
and education for diabetes. The study protocol was approved
by the ethical committee of the hospital. Informed consent
was obtained from all patients.

2.2.Measurements. Thediagnosis of diabetic retinopathywas
made by ophthalmologists based on the Davis classification:
no diabetic retinopathy (NDR); simple retinopathy (SDR);
pre-proliferative retinopathy (pre-PDR); and proliferative
retinopathy (PDR).

During hospitalization, fasting plasma glucose (FPG), 2-
hour plasma glucose (PG), C-peptide (CPR), hemoglobin
A1c (HbA1c), glycated albumin (GA), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), triglyceride (TG), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
urea nitrogen (UN), creatinine (Cr), uric acid (UA) in blood,
and 24-hour urine microalbumin were measured. HbA1c
was determined by high-performance liquid chromatography
(Toso, Tokyo, Japan) and presented as the equivalentNational
Glycohemoglobin Standardization Program (NGSP) value
[13]. Furthermore, wemeasured systolic/diastolic blood pres-
sure, height, weight, BMI, waist, and hip circumference.

Measurements of brachial-ankle PWV (baPWV) were
carried out using an automatic waveform analyzer (Colin
Medical Technology Corporation, Japan). Patients lay in the
supine position during the test, and occlusion andmonitoring
cuffs were placed around both the upper and lower extremi-
ties. PWVwas calculated using the formula: baPWV = (𝐷1−
𝐷2)/𝑇1, where 𝐷1 is the distance from the heart to the left
ankle, and 𝐷2 is the distance from the heart to the right
upper arm. These distances were calculated automatically
on the basis of the patient’s height. The pressure waveforms
obtained at two different sites were simultaneously recorded,
and the time interval between the initial rise in the brachial
and tibial pressure waveformswas determined as𝑇1. ABI was
calculated using the formula ABI = ankle systolic BP/brachial
systolic BP.
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Figure 1: Pulse wave velocity (PWV) in NDR (𝑛 = 420), SDR
(𝑛 = 152), pre-PDR (𝑛 = 54), and PDR (𝑛 = 63). Significant
difference among groups (𝑃 < 0.001) was detected by the Kruskal-
Wallis test. NDR: no diabetic retinopathy, SDR: simple diabetic
retinopathy, pre-PDR: pre-proliferative diabetic retinopathy, and
PDR: proliferative diabetic retinopathy.

2.3. Statistical Analysis. Demographic factors and baseline
characteristics were summarized by diabetic retinopathy
(DR) and NDR groups. They were compared between the
DR and NDR groups using Mann-Whitney U test. Next, the
patients were divided into four groups according to the stage
of diabetic retinopathy (NDR, SDR, pre-PDR, or PDR) to
investigate the relationship between each stage and the value
of PWV by the Kruskal-Wallis test. The relationship between
the PWV and each factor was evaluated with Spearman’s
correlation coefficient.The selected variables, whichwere sta-
tistically significant and clinically important, were included
in nonparametric multiple regression models to evaluate
the association between PWV and each stage of diabetic
retinopathy adjusted for some covariates. The purpose of
these multivariate analyses was to show the robustness of the
results from the univariate analysis.

Data are presented as mean ± standard deviation (SD)
in the text and tables. The significance level for all tests was
two-sided, at 5%. All analyses were performed using SPSS 17.0
(SPSS; Chicago, IL, USA) and SAS 9.2 (SAS; Cary, NC, USA).

3. Results

Demographic factors and clinical baseline characteristics of
patients are shown in Table 1. Among patients, durations
of diabetes, age, SBP, and PWV were significantly higher in
patients with retinopathy than in those without.

PWV in patients with diabetic retinopathy (1847.1 ±
423.9m/s) was significantly higher than that in patients
without diabetic retinopathy (1657.0 ± 417.9m/s) (𝑃 < 0.001).
Furthermore, there was a significant positive association
between the stage of diabetic retinopathy andPWV.PWVwas
1657.0 ± 417.9m/s in NDR (𝑛 = 420), 1819.4 ± 430.3m/s in
SDR (𝑛 = 152), 1862.1 ± 394.0m/s in pre-PDR (𝑛 = 54), and
1901.1 ± 433.5m/s in PDR (𝑛 = 63) (𝑃 < 0.001) (Figure 1).

Some sensitivity analyses were performed to evaluate
robustness of the results from the univariate analysis. Fac-
tors significantly correlated with the PWV by means of
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Table 1: Clinical characteristics of patients with type 2 diabetes mellitus.

Total NDR DR 𝑃 value
𝑁 (male/female) 689 (406/283) 420 269
Duration (years) 12.0 ± 10.0 10.0 ± 9.5 16.0 ± 10.0 <0.001
Age (years) 62.2 ± 13.4 61.0 ± 14.3 65.0 ± 11.6 0.002
BMI (kg/m2) 25.0 ± 5.5 25.6 ± 5.8 24.3 ± 4.7 0.001
SBP (mmHg) 132.0 ± 20.9 130.0 ± 20.0 135.0 ± 22.0 0.009
DBP (mmHg) 76.9 ± 14.0 77.0 ± 13.6 76.0 ± 14.5 0.907
HbA1c (%) 9.6 ± 2.0 9.7 ± 2.2 9.5 ± 1.7 0.233
LDL-C (mg/dL) 127.2 ± 37.1 128.0 ± 37.2 125.9 ± 37.2 0.295
PWV (m/s) 1731.2 ± 430.0 1657.0 ± 417.9 1847.1 ± 423.9 <0.001
Data are shown as mean ± SD. Comparison between patients without diabetic retinopathy (NDR) and with DR by Mann-Whitney’s 𝑈 test.
BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, LDL-C: low-density lipoprotein cholesterol, and PWV: pulse wave velocity.
HbA1c is presented as the National Glycohemoglobin Standardization Program (NGSP) value.

Table 2: Relationship between PWV and clinical factors by Spear-
man’s correlation.

Correlation coefficient 𝑃 value
BMI (kg/m2) −0.19 <0.001
Age (years) 0.61 <0.001
SBP (mmHg) 0.35 <0.001
DBP (mmHg) −0.01 0.73
FPG (mg/dL) −0.14 <0.001
HbA1c (%) −0.20 <0.001
LDL-C (mg/dL) −0.05 0.20
HDL-C (mg/dL) 0.00 0.98
TG (mg/dL) −0.01 0.73
TC (mg/dL) −0.04 0.33
ABI 0.07 0.06
BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood
pressure, FPG: fasting plasma glucose, LDL-C: low-density lipoprotein
cholesterol, HDL-C: high-density lipoprotein cholesterol, TG: triglyceride,
TC: total cholesterol, and ABI: ankle brachial index.

Spearman’s correlation coefficient were BMI, age, SBP, FPG,
and HbA1c (Table 2). However, we decided that FPG and
HbA1c should not be included in the multivariate analysis
because they fluctuate by control of diabetes. We evaluated
the association between the stage of diabetic retinopathy and
PWV adjusted for the above-mentioned covariates by using
nonparametricmultiple regression analyses. As a result, when
taking account of the covariates that have an effect on PWV,
PWV tended to increase as the stage of diabetic retinopathy
progression (𝑃 < 0.001).

4. Discussion

Measurement of aortic PWV is considered the gold-standard
evaluation of arterial stiffness [14]. Values of PWV in patients
with diabetes are higher than those in healthy people in the
same generation [15]. The prevalence of arterial stiffness is
increased in patients with type 2 diabetes, and these patients

are at particularly higher risk for cardiovascular morbidity
and mortality. Several studies have shown that diabetic
retinopathy is associated with cardiovascular complications
[16–18].

In the present study, PWV was significantly higher in
patients with diabetic retinopathy than in those without.This
finding supports the report that diabetic retinopathy is the
microvascular complication with the strongest association
with increased aortic stiffness [7]. In addition, there was a
relationship between PWV and stage of diabetic retinopathy
in Japanese patients with type 2 diabetes, in our study. We
showed that the values of PWV in patients with diabetic
retinopathy, even in those with SDR, were higher than those
in patients without diabetic retinopathy. Henricsson et al.
reported that the severity of diabetic retinopathy might be
associated with survival, primarily owing to cardiovascular
death in patients with diabetes [19]. While the severity
of diabetic retinopathy might be important for prediction
of macroangiopathy, physicians should pay more attention
to macroangiopathy in patients with diabetic retinopathy,
regardless of the stage.

Increased arterial stiffness is thought to be related to not
only hyperglycemia but also to carbonyl and oxidative stress,
chronic inflammation, endothelial dysfunction, and forma-
tion of advanced glycation end products (AGEs) [7]. It is
reported that PWV is associated with the duration of diabetes
and with the accumulation of fluorescent AGEs [20]. Besides,
several reports indicate that the stage of diabetic retinopathy
correlates with the accumulation of AGEs [21, 22]. Therefore,
there is a possibility that the stage of diabetic retinopathy is
associated with PWV through the accumulation of AGEs.

Several limitations should be taken into account when
considering the results of this study. First, the cross-sectional
study design and small sample size for each stage of diabetic
retinopathy in our study make it difficult to infer the associ-
ation between PWV and retinopathy. Second, we could not
consider the effects of prescribed medication, for instance,
anti-platelet agents, which could influence the state of both
retinopathy and arterial stiffness. Third, the raw data might
have deviated slightly because there was more than one PWV
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technician and ophthalmologist. However, it was thought that
the influence of bias was small because the technicians and
ophthalmologists were experts and were not aware of this
study when they carried out the examinations. Lastly, the
patients with type 1 diabetes were not included in this study.
In a recent meta-analysis of observational studies, diabetic
retinopathy predicted all-cause mortality and cardiovascular
events in patients with type 2 diabetes and also type 1
diabetes [18]. Based on these findings, physicians should pay
attention to latent macroangiopathy in patients with not only
type 2 diabetes but also type 1 diabetes who have diabetic
retinopathy, even SDR.

In conclusion, this study suggested that PWV is signif-
icantly higher in patients with diabetic retinopathy than in
those without, and that there is a relationship between the
stage of diabetic retinopathy and PWV in Japanese patients
with type 2 diabetes. Physicians should pay attention to latent
macroangiopathy in patients with type 2 diabetes who have
diabetic retinopathy, even SDR.

Conflict of Interests

The authors declare that they have no conflict of interests.

Acknowledgment

The authors thank Dr. Wendy Gray for editing the paper.

References

[1] H. Taniwaki, H. Kanda, T. Kawagishi et al., “Correlation
between the intima-media thickness of the carotid artery and
aortic pulse-wave velocity in patientswith type 2 diabetes: vessel
wall properties in type 2 diabetes,” Diabetes Care, vol. 22, no. 11,
pp. 1851–1857, 1999.

[2] A. Yamashina, H. Tomiyama, T. Arai et al., “Brachial-ankle
pulse wave velocity as a marker of atherosclerotic vascular
damage and cardiovascular risk,”HypertensionResearch, vol. 26,
no. 8, pp. 615–622, 2003.

[3] D. R.McCance, R. L. Hanson,M. A. Charles et al., “Comparison
of tests for glycated haemoglobin and fasting and two hour
plasma glucose concentrations as diagnostic methods for dia-
betes,” BritishMedical Journal, vol. 308, no. 6940, pp. 1323–1328,
1994.

[4] The Expert Committee on the diagnosis and classification of
diabetes mellitus, “Report of the expert committee on the
diagnosis and classification of diabetes mellitus,”Diabetes Care,
vol. 26, no. 1, pp. s5–s20, 2003.

[5] C. Y. L. Chao and G. L. Y. Cheing, “Microvascular dysfunction
in diabetic foot disease and ulceration,” Diabetes/Metabolism
Research and Reviews, vol. 25, no. 7, pp. 604–614, 2009.

[6] R. S. Rosenson, P. Fioretto, and P. M. Dodson, “Does microvas-
cular disease predict macrovascular events in type 2 diabetes?”
Atherosclerosis, vol. 218, no. 1, pp. 13–18, 2011.

[7] C. R. L. Cardoso, M. T. Ferreira, N. C. Leite, P. N. Barros,
P. H. Conte, and G. F. Salles, “Microvascular degenerative
complications are associated with increased aortic stiffness in
type 2 diabetic patients,”Atherosclerosis, vol. 205, no. 2, pp. 472–
476, 2009.

[8] K. Aso, M. Miyata, T. Kubo et al., “Brachial-ankle pulse wave
velocity is useful for evaluation of complications in type 2
diabetic patients,” Hypertension Research, vol. 26, no. 10, pp.
807–813, 2003.

[9] O. Ogawa, C. Hayashi, T. Nakaniwa, Y. Tanaka, and R.
Kawamori, “Arterial stiffness is associated with diabetic
retinopathy in type 2 diabetes,” Diabetes Research and Clinical
Practice, vol. 68, no. 2, pp. 162–166, 2005.

[10] O. Ogawa, K. Hiraoka, T.Watanabe et al., “Diabetic retinopathy
is associated with pulse wave velocity, not with the augmenta-
tion index of pulse waveform,” Cardiovascular Diabetology, vol.
7, no. 1, article 11, 2008.

[11] Y. W. Yun, M. H. Shin, Y. H. Lee, J. A. Rhee, and J. S. Choi,
“Arterial stiffness is associated with diabetic retinopathy in
Korean type 2 diabetic patients,” Journal of Preventive Medicine
and Public Health, vol. 44, no. 6, pp. 260–266, 2011.

[12] M.D.Davis, T. S. Kern, and L. I. Rand, “Diabetic retinopathy,” in
International Textbook of Diabetes Mellitus, K. G.M.M. Alberti,
P. Zimmet, and R. A. DeFronzo, Eds., pp. 1413–1446, JohnWiley
& Sons, Chichester, UK, 2nd edition, 1997.

[13] Y. Seino, K. Nanjo, N. Tajima et al., “Report of the Committee
on the classification and diagnostic criteria of diabetesmellitus,”
Diabetology International, vol. 1, no. 1, pp. 2–20, 2010.

[14] I. Farro, D. Bia, Y. Zocalo et al., “Pulse wave velocity as
marker of preclinical arterial disease: reference levels in a
Uruguayan population considering wave detection algorithms,
path lengths, aging, and blood pressure,” International Journal
of Hypertension, vol. 2012, Article ID 169359, 10 pages, 2012.

[15] M. Zhang, Y. Bai, P. Ye et al., “Type 2 diabetes is associated
with increased pulse wave velocity measured at different sites
of the arterial system but not augmentation index in a Chinese
population,” Clinical Cardiology, vol. 34, no. 10, pp. 622–627,
2011.

[16] T. Y. Wong, W. Rosamond, P. P. Chang et al., “Retinopathy and
risk of congestive heart failure,” Journal of the AmericanMedical
Association, vol. 293, no. 1, pp. 63–69, 2005.

[17] H. O. Ventura and M. Reddy, “The eye as an indicator of heart
failure in diabetic patients,” Journal of the American College of
Cardiology, vol. 51, no. 16, pp. 1579–1580, 2008.

[18] C. K. Kramer, T. C. Rodrigues, L. H. Canani, J. L. Gross, andM.
J. Azevedo, “Diabetic retinopathy predicts all-cause mortality
and cardiovascular events in both type 1 and 2 diabetes: meta-
analysis of observational studies,” Diabetes Care, vol. 34, no. 5,
pp. 1238–1244, 2011.

[19] M. Henricsson, A. Nilsson, A. Heijl, L. Janzon, and L. Groop,
“Mortality in diabetic patients participating in an ophthalmo-
logical control and screening programme,” Diabetic Medicine,
vol. 14, no. 7, pp. 576–583, 1997.

[20] K. E. Airaksinen, P. I. Salmela,M. K. Linnaluoto,M. J. Ikaheimo,
K. Ahola, and L. J. Ryhanen, “Diminished arterial elasticity in
diabetes: association with fluorescent advanced glycosylation
end products in collagen,” Cardiovascular Research, vol. 27, no.
6, pp. 942–945, 1993.

[21] R. Singh, A. Barden, T.Mori, and L. Beilin, “Advanced glycation
end-products: a review,”Diabetologia, vol. 44, no. 2, pp. 129–146,
2001.

[22] T. Murata, R. Nagai, T. Ishibashi, H. Inomata, K. Ikeda, and S.
Horiuchi, “The relationship between accumulation of advanced
glycation end products and expression of vascular endothelial
growth factor in human diabetic retinas,” Diabetologia, vol. 40,
no. 7, pp. 764–769, 1997.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


