OPEN @ ACCESS Freely available online @ PLOS ‘ ONE

Complete Blood Count and Retinal Vessel Calibers

Gerald Liew"?, Jie Jin Wang"?*, Elena Rochtchina’, Tien Yin Wong??3, Paul Mitchell’ Cigealay

1 Centre for Vision Research, University of Sydney, Sydney, New South Wales, Australia, 2 Centre for Eye Research Australia, University of Melbourne, Melbourne, Victoria,
Australia, 3 Singapore Eye Research Institute, Yong Loo Lin School of Medicine, National University of Singapore, Singapore, Singapore

Abstract

Objective: The influence of hematological indices such as complete blood count on microcirculation is poorly understood.
Retinal microvasculature can be directly visualized and vessel calibers are associated with a range of ocular and systemic
diseases. We examined the association of complete blood count with retinal vessel calibers.

Methods: Cross-sectional population-based Blue Mountains Eye Study, n=3009, aged 49+ years. Complete blood count was
measured from fasting blood samples taken at baseline examination, 1992-4. Retinal arteriolar and venular calibers were
measured from digitized retinal photographs using a validated semi-automated computer program.

Results: All analyses adjusted for age, sex, systolic blood pressure, diabetes, smoking and fellow vessel caliber. Higher
hematocrit, white cell count and platelet count were associated with narrower arteriolar caliber (p=0.02, 0.03 and 0.001
respectively), while higher hemoglobin, hematocrit, red cell count, white cell count and platelet count were associated with
wider venular caliber (p<<0.0001 for all). Each quintile increase in hematocrit, white cell count and platelet count was
associated with approximately 0.5 um narrower arteriolar caliber; whereas each quintile increase in all of the complete
blood count components was associated with approximately 1-2 um wider venular caliber.

Conclusions: These associations show that elevated levels of hematological indices can have adverse effects on the
microcirculation.
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Introduction retinal venular caliber is a marker of hyperglycemia,[8,9] cerebral
hypoxia,[10] endothelial dysfunction, obesity[11] and systemic
inflammation. [5,7] Studying these retinal vascular caliber changes
provides insight into parallel pathology that may occur in the
systemic micro- and macro-circulations, with retinal arteriolar
narrowing strongly associated with angiographically defined
coronary artery occlusion,[12] reduced myocardial perfusion,[13]
and greater aortic stiffness. [14] Wider venules are associated with
chronic kidney disease,[15,16] aortic calcification[17] and pro-

The influence of hematological indices such as the complete
blood count on microvasculature is poorly understood. Given the
close physical proximity of red cells, leucocytes and platelets to the
vessel endothelium, a relationship between these indices and
microvascular changes would be expected. For example, an
increase in blood components such as hematocrit or red cell count
may be accompanied by an increase in circulating blood
volume,[1] which would be expected to be associated with wider

. gression of cerebral small vessel disease.[18] Among people with
venular calibers.

diabetes, wider venular caliber is directly related to the presence
and severity of diabetic retinopathy.[19,20]

Klein et.al recently reported from the Beaver Dam Eye Study
(BDES)[21] that the components of the complete blood count (red
cell count, hemoglobin, hematocrit and white cell count, and to a
lesser extent platelet count) are directly associated with wider
retinal arteriolar and venular calibers. These associations persisted
after adjustment for age, blood pressure and other confounders.
However, when the effect of fellow vessel caliber was taken into

The retinal vasculature is one of the few microcirculatory
systems that can be directly visualized. Methods have been
developed that allow accurate measurement of retinal vessel
calibers from digitized retinal photographs.[2] Retinal vessel
calibers are associated with a range of systemic cardiovascular
risk factors and outcomes, with different associations found for
arteriolar and venular calibers. For example, narrower arteriolar
caliber is an adverse marker of microcirculatory health, and is
associated with elevated blood pressure [3,4], greater body mass

index [3], and endothelial dysfunction.[6.7] In contrast, wider account, the association of hematocrit, haemoglobin and red blood
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cell count with arteriolar caliber (but not venular caliber) reversed,
while that of platelet count became nonsignificant. [22] This may
suggest a degree of confounding. Few other studies have addressed
this issue. We therefore aimed to examine these associations of
complete blood count components with retinal arteriolar and
venular calibers in another independent sample, a population-
based study of older individuals.

Materials and Methods

The Blue Mountains Eye Study (BMES) is a population-based
study of vision and eye disease in an urban Australian Caucasian
population aged 49 years or older, full details of which are
reported elsewhere [23]. Briefly, at baseline 3654 (82.4%) of 4433
eligible residents living in two post-code areas of the Blue
Mountains, west of Sydney, were examined during 1992-4. Of
these, 299 were excluded due to ungradable photographs for
retinal vessel calibers, and a further 346 without data on complete
blood count, leaving 3009 participants who contributed data to
this analysis. The Human Ethics Committees of the Western
Sydney Area Health Service and University of Sydney approved
all three examinations. Signed informed consent was obtained
from participants at each examination.

At the baseline examination, 30 degree stereoscopic retinal
photographs of the macula and 5 other retinal fields of both eyes
were taken using a Zeiss FF3 fundus camera (Carl Zeiss,
Oberkochen, Germany). [24] A computer-assisted grading method
with high reproducibility was used to measure retinal vessel
caliber[25]. In brief, digitised retinal images of one eye (mainly
right eyes) of each participant were displayed and all vessels
greater than 25 pm in diameter and completely passing through
the region between %2 to 1 disc diameter from the optic disc
margin were measured.(Iigure 1) Central retinal arteriolar and
venular equivalents (representing average arteriolar and venular
calibers) were calculated using the Parr-Hubbard formula[2].
Intra- and inter-grader grading reliability of this method is good
[25], with quadratic weighted kappa 0.85 for arteriolar measure-
ments and 0.90 for venular measurements for inter-grader
reliability and between 0.80-0.93 for intra-grader reliability.

Fasting blood samples were collected from participants and the
Institute of Clinical Pathology and Medical Research at Westmead

Figure 1. Measurement of retinal arterioles (red lines) and
venules (blue lines) passing through a region between ': to 1
disc diameters from the optic disc margin.
doi:10.1371/journal.pone.0102230.g001
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Hospital performed laboratory tests within 4 hours of blood
collection. Hemoglobin was measured on a Technician H2
haematology analyser, hematocrit by spun microhematocrit, red
and white blood cell count using Coulter Counter methods
(Beckman Coulter, Inc., Fullerton, California).

At baseline, blood pressure was measured after participants had
been comfortably seated using the same mercury sphygmoma-
nometer with appropriate cuff size. Smoking status was defined
from history as never smoked, ex-smoker and current smoker
(which included those who had ceased smoking within the last 12
months). We measured fasting blood sugar and fasting total
cholesterol and defined diabetes as a physician diagnosis of
diabetes, or a fasting blood sugar =7 mmol/L.

Statistical analyses were performed using SAS version 9 (SAS
Institute Inc., Cary, NC). Due to the influence of gender on the
distribution of components of the complete blood count, we
analyzed each blood component based on sex-specific quintiles i.e.
the quintiles for each blood component were computed for each
sex initially, then combined to obtain the combined quintile for the
entire group. Mean arteriolar and venular caliber was compared
in each quintile of complete blood count component using analysis
of variance. Linear regression models were constructed adjusting
for age and gender (model 1), model 1 variables and systolic blood
pressure, diabetes, smoking (model 2), and model 2 parameters
and either arteriolar or venular caliber of the same eye. Partial R?
were used to estimate the amount of variance explained by the
blood component being analyzed.

Results

The mean age of the 3009 included participants was 65.5 years,
compared to 69.5 years for the 645 excluded participants. Other
than being older, and more likely to be current or never smokers,
excluded participants were similar to included participants in
terms of gender, blood pressure, diabetes and complete blood
count parameters. (Table 1).

Each increasing quintile of hemaglobin, hematocrit, red cell
count and white cell count, but not platelet count, was associated
with wider arteriolar caliber. (p for trend 0.001, 0.003, 0.0006 and
0.03 respectively (Table 2). Higher values of all these blood
components were associated with wider venular caliber (p for
trend <0.0001 for all components, Table 2).

In analyses adjusted for age, sex and cardiovascular risk factors,
higher hemoglobin, hematocrit and red cell count remained
associated with wider arteriolar caliber. (T'able 3) White cell count
and platelet count levels were not associated with arteriolar
caliber. After additional adjustment for venular caliber, however,
higher levels of haemoglobin, hematocrit, white cell count and
platelet count became associated with narrower arteriolar caliber,
suggesting a confounding effect of venular caliber. Red cell count
was no longer associated with arteriolar caliber after adjusting for
venular caliber. The contribution to the variation of arteriolar
caliber (reductions in partial R? by each of these blood
components in all models remained small, at 0.001-0.004.

Higher levels of hemoglobin, hematocrit, red cell count, white
cell count and platelet count remained associated with wider
retinal venular caliber, after adjustment for age, gender, cardio-
vascular risk factors and arteriolar caliber (Table 3). Each
increased quintile of blood component was associated with 1-
2 pum wider venular caliber, with relatively greater contribution to
the variation of venular caliber than to arteriolar caliber: partial
R? reduction by 0.01-0.02 in the final model 3 for hemoglobin,
hematocrit red cell count and white cell count, and by 0.004 for
platelet count.
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We performed additional analyses modelling blood components
as continuous variables in model 3. These analyses showed the
same results as those with quintiles of blood components.

Discussion

Retinal arteriolar and venular calibers are associated with
systemic cardiovascular parameters such as blood pressure and
inflammatory markers.[17,26,27] We found that in a population of
older individuals, higher values of most components of the
complete blood count (hemoglobin, hematocrit, white cell count
and platelet count) were associated with narrower retinal arteriolar
caliber after adjustment for factors such as age, blood pressure,
smoking, diabetes and venular caliber. All of these haematological
measures, as well as red cell count, were associated with wider
retinal venules.

Our results are similar to those of the BDES for venular caliber,
and only slightly different for arteriolar caliber.[21] The BDES
reported each quintile increase in hemoglobin, hematocrit and red
cell count was associated with approximately 3 um wider venular
caliber, while our study found the increase to be approximately
2 um. For white cell count and platelet count, the corresponding
widening in venular caliber was 1.0 pm and 0.9 pm, respectively,
in the BDES, and 1.2 um and 0.8 um, respectively, in our study.
These results were similar for analyses excluding and including the
effect of fellow vessel caliber. With regard to arteriolar caliber,
both the BDES and our study found higher levels of hemoglobin,
hematocrit, and red blood cell count were directly associated with
wider arteriolar caliber before adjusting for the effects of fellow
vessel caliber. However, after additional adjustment for fellow
vessel caliber, which we believe provides a more fully adjusted
estimate, the relationship of these parameters with arteriolar
caliber reversed, and all except red blood cell count were now
associated with narrower arteriolar caliber (approximately 0.5 pm
narrower, after adjustment for venular caliber). After fellow vessel
adjustment higher red blood cell count was associated with
narrower arteriolar caliber in the BDES, but not in our study,
while higher platelet count was associated with narrower arteriolar
caliber in our study but not in the BDES [21]. Both studies showed
an association of white cell count with narrower arteriolar caliber
after fellow vessel adjustment. In all cases, the contribution of the
blood parameter to explaining variation in retinal vessel caliber

PLOS ONE | www.plosone.org

Table 1. Included and excluded participants.

Risk Factor Included N=3009 Excluded N =645 p-value
Age (years) 65.5 (9.2) 69.5 (11.5) <0.0001
Systolic blood pressure (mmHg) 146.1 (21.3) 146.6 (22.9) 0.59
Hematocrit (%) 14.9 (1.3) 14.7 (1.5) 0.10
Hemoglobin (g/dL) 0.44 (0.04) 0.43 (0.05) 0.15
Red cell count (10%/pL) 4.8 (0.4) 4.8 (0.5) 0.09
White cell count (103/uL) 6.5 (1.8) 6.7 (1.9) 0.11
Platelet count (103/pL) 262.7 (63.4) 259.8 (68.1) 0.52
Female 57.0 55.2 0.39
Diabetes 79 7.1 0.45
Current smoker 14.6 16.1

Ex-smoker 35.6 293

Never-smoker 49.8 54.6 0.01
Numbers are means (standard deviations) or %.

doi:10.1371/journal.pone.0102230.t001

was lower for arterioles (0.1-0.2%) than for venules (1-2%). Our
results are therefore mostly concordant with those of the BDES
except for platelet and red cell count, where we found platelet
count but not red cell count was associated with arteriolar caliber,
whereas the BDES found the converse. Possible reasons for the
different findings are random chance, and the fact that our
population was somewhat older than the BDES (mean age 65.5
years versus 61.7 years) and had a higher mean systolic blood
pressure (146.1 mmHg versus 132.0 mmHg) which may have
reduced the ability of arterioles to respond to changes in red cell
count. The BDES report suggested that future analyses of vessel
caliber may need to take into account complete blood count
markers; [21] our results suggest that this may be useful if such
data are available, but is not essential given the small contribution
of blood parameters to variation in vessel caliber.

There are a number of other studies with which to compare our
results. In patients with AIDS, lower hematocrit is associated with
wider retinal arteriolar caliber,[28] while patients with chronic
anemia from sickle cell disease have coronary artery dilation.[29]
Experimentally induced anemia in lambs likewise causes cerebral
artery dilation.[30] These findings showing an inverse association
between hematocrit and arteriolar and arterial caliber are
consistent with our results. Venular changes with hematocrit are
poorly studied, but a report that sickle cell anemia is associated
with reduction in conjunctival vessel caliber[31] supports our
findings. Persons living at higher altitudes tend to have higher
hematocrit and a study which experimentally lowered hematocrit
by transferring volunteers from Bolivian highlands to a lower
altitude found transiently dilated retinal venules in the volunteers,
though these returned to normal caliber after 2.5 months. [32]
Early reports of fundal changes of arterial narrowing and venular
dilation in polycythemia rubra vera corroborate our findings.[33]
The dilation of retinal arterioles with decreasing hematocrit and
hemoglobin may be a compensatory mechanism to lower vascular
resistance and increase blood flow, in response to reduced oxygen
carrying capacity.|[34]

Elevated white cell count is consistently associated with wider
retinal venular caliber in several population studies,[17,26,27] and
clinically, chronic leukemia may present with dilated retinal
venules.[35] Leucocytosis is associated with increased aortic arch
atheroma,[36] which is also associated with wider retinal
venules,[17] further highlighting the influence of this blood
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parameter on both maco- and microcirculation. This association
has been attributed to systemic inflammation, but a direct
leucocytic influence on endothelium may also play a role.[27,37]
Such leukocyte-endothelium interactions may also underlie the
narrower arterioles we observed with leukocytosis.

The influence of platelet count on microvascular caliber is
largely unknown. We observed differential effects of increased
platelet count in arterioles and venules. Platelets affect arteriolar
endothelial function through pathways such as P-selectin,[38]
which may account for the association with arteriolar narrowing.
The distribution of platelet flow,[38] and possibly the expression of
Von Willebrand factor under certain conditions,[39] differs in
venules from that in arterioles, which may explain the differential
associations with raised platelet count in these two small vessel
types.

The biochemical mechanisms underlying the associations we
observed are unclear and the literature on the topic is sparse. We
can speculate that the potent endothelium derived vasodilator
nitric oxide (NO) is involved, as oxyhemoglobin is a strong and
irreversible NO scavenger,[40] and increased levels of haemoglo-
bin, hematocrit and red cell count may increase the amount of NO
scavenged and reduce endothelial mediated vasodilation, leading
to narrower arteriolar caliber. White cells and platelets also release
cytokines that modulate the balance between pro and antioxidant
molecules, which has a major effect on vascular remodel-
ling[41,42] and vessel calibers. This is an area that warrants
further research, particularly as the changes we have described are
known to be associated with increased risk of cardiovascular
events.[43]

Strengths of this study include its large sample size and ability to
adjust for important confounders. Our study is limited by its cross-
sectional nature, which prevents inferences about the temporal
sequence of associations and may not apply to prospective data.
We adjusted for the fellow vessel caliber to control for the

References

1. Jones JG, Wardrop CA (2000) Measurement of blood volume in surgical and
intensive care practice. Br J Anaesth 84: 226-235.

2. Hubbard LD, Brothers R]J, King WN, Clegg LX, Klein R, et al. (1999) Methods
for evaluation of retinal microvascular abnormalities associated with hyperten-
sion/sclerosis in the Atherosclerosis Risk in Communities Study. Ophthalmology
106: 2269-2280.

3. Wong TY, Hubbard LD, Klein R, Marino EK, Kronmal R, et al. (2002) Retinal
microvascular abnormalities and blood pressure in older people: the Cardio-
vascular Health Study. Br J Ophthalmol 86: 1007-1013.

4. Tanabe Y, Kawasaki R, Wang JJ, Wong TY, Mitchell P, et al. (2010) Retinal
arteriolar narrowing predicts 5-year risk of hypertension in Japanese people: the
Funagata study. Microcirculation 17: 94-102.

5. Wong TY, Islam FM, Klein R, Klein BE, Cotch MF, et al. (2006) Retinal
vascular caliber, cardiovascular risk factors, and inflammation: the multi-ethnic
study of atherosclerosis (MESA). Invest Ophthalmol Vis Sci 47: 2341-2350.

6. Nguyen TT, Wong TY (2006) Retinal vascular manifestations of metabolic
disorders. Trends Endocrinol Metab 17: 262-268.

7. Wong TY, Mitchell P (2007) The eye in hypertension. Lancet 369: 425-435.

8. Tkram MK, Janssen JA, Roos AM, Rietveld I, Witteman JC, et al. (2006) Retinal
vessel diameters and risk of impaired fasting glucose or diabetes: the Rotterdam
study. Diabetes 55: 506-510.

9. Kifley A, Wang ]JJ, Cugati S, Wong TY, Mitchell P (2008) Retinal vascular
caliber and the long-term risk of diabetes and impaired fasting glucose: the Blue
Mountains Eye Study. Microcirculation 15: 373-377.

10. De Jong EJ, Vernooij MW, Ikram MK, Ikram MA, Hofman A, et al. (2007)
Arteriolar Oxygen Saturation, Cerebral Blood Flow, and Retinal Vessel
Diameters The Rotterdam Study. Ophthalmology 115: 887-892.

11. LiLJ, Cheung CY, Chia A, Selvaraj P, Lin XY, et al. (2011) The relationship of
body fatness indices and retinal vascular caliber in children. Int J Pediatr Obes 6:
267-274.

12. Tedeschi-Reiner E, Strozzi M, Skoric B, Reiner Z (2005) Relation of
atherosclerotic changes in retinal arteries to the extent of coronary artery
disease. Am J Cardiol 96: 1107-1109.

13. Wang L, Wong TY, Sharrett AR, Klein R, Folsom AR, et al. (2008)
Relationship between retinal arteriolar narrowing and myocardial perfusion:
multi-ethnic study of atherosclerosis. Hypertension 51: 119-126.

PLOS ONE | www.plosone.org

Blood Count and Retinal Vessels

correlation or shared variances of the two vessel types [26] as other
researchers have done.[21] This method may over adjust if shared
genetic factors are to be investigated. As this study did not examine
such shared factors, this limitation is of less concern. Finally there
may be measurement errors in vessel caliber which may have
influenced our results, although these would be non-differential
and expected to reduce any associations we observed.

In summary, we found that higher hemoglobin, hematocrit,
white cell count and platelet count are associated with narrower
retinal arterioles, while higher levels of all complete blood
components (the above as well as red cell count) are associated
with wider retinal venules. These associations show that elevated
levels of readily measured hematological indices can have adverse
effects on the microcirculation and may need to be considered in
studies of retinal vessel blood flow.

Conclusions

The influence of hematological indices such as complete blood
count on microcirculation is poorly understood. We report that
higher hematocrit, white cell count and platelet count were
associated with narrower retinal arteriolar caliber (p=0.02, 0.03
and 0.001 respectively), while higher hemoglobin, hematocrit, red
cell count, white cell count and platelet count were associated with
wider retinal venular caliber (p<<0.0001 for all). These associations
show that elevated levels of readily measured hematological
parameters can have adverse effects on the microcirculation and
may need to be considered in studies of microvascular blood flow.

Author Contributions

Conceived and designed the experiments: GL JJW PM. Performed the
experiments: GL ER. Analyzed the data: GL ER TYW. Contributed
reagents/materials/analysis tools: GL JJW ER TYW PM. Wrote the
paper: GL JJW TYW.

14. Cheung N, Sharrett AR, Klein R, Criqui MH, Islam FMA, et al. (2007) Aortic
Distensibility and Retinal Arteriolar Narrowing. The Multi-Ethnic Study of
Atherosclerosis. Hypertension 50: 617-622.

15. Liew G, Mitchell P, Wong TY, Wang JJ (2012) Retinal Microvascular Signs Are
Associated with Chronic Kidney Disease in Persons with and without Diabetes.
Kidney Blood Press Res 35: 589-594.

16. Grunwald JE, Ying GS, Maguire M, Pistilli M, Daniel E, et al. (2012)
Association between retinopathy and cardiovascular disease in patients with
chronic kidney disease (from the Chronic Renal Insufficiency Cohort [CRIC]
Study). Am J Cardiol 110: 246-253.

17. Ikram MK, de Jong FJ, Vingerling JR, Witteman JC, Hofman A, et al. (2004)
Are retinal arteriolar or venular diameters associated with markers for
cardiovascular disorders? The Rotterdam Study. Invest Ophthalmol Vis Sci
45: 2129-2134.

18. Ikram MK, de Jong FJ, Van Dijk EJ, Prins ND, Hofman A, et al. (2006) Retinal
vessel diameters and cerebral small vessel disease: the Rotterdam Scan Study.
Brain 129: 182-188.

19. Cheung N, Mitchell P, Wong TY (2010) Diabetic retinopathy. Lancet 376: 124~
136.

20. Nguyen TT, Wang JJ, Sharrett AR, Islam FM, Klein R, et al. (2008)
Relationship of retinal vascular caliber with diabetes and retinopathy: the Multi-
Ethnic Study of Atherosclerosis (MESA). Diabetes Care 31: 544-549.

21. Klein BE, Klein R, Myers CE, Lee KE (2011) Complete blood cell count and
retinal vessel diameters. Arch Ophthalmol 129: 490-497.

22. Liew G, Sharrett AR, Kronmal R, Klein R, Wong TY, et al. (2007)
Measurement of retinal vascular caliber: issues and alternatives to using the
arteriole to venule ratio. Invest Ophthalmol Vis Sci 48: 52-57.

23. Wang JJ, Mitchell P, Rochtchina E, Tan AG, Wong TY, et al. (2004) Retinal
vessel wall signs and the 5 year incidence of age related maculopathy: the Blue
Mountains Eye Study. Br J Ophthalmol 88: 104-109.

24. Mitchell P, Smith W, Attebo K, Wang JJ (1995) Prevalence of age-related
maculopathy in Australia. The Blue Mountains Eye Study. Ophthalmology 102:
1450-1460.

25. Sherry LM, Wang JJ, Rochtchina E, Wong T, Klein R, et al. (2002) Reliability
of computer-assisted retinal vessel measurementin a population. Clin Experi-
ment Ophthalmol 30: 179-182.

July 2014 | Volume 9 | Issue 7 | 102230



26.

28.

29.

30.

31.

33.

34.

Liew G, Sharrett AR, Wang ]JJ, Klein R, Klein BE, et al. (2008) Relative
importance of systemic determinants of retinal arteriolar and venular caliber: the
atherosclerosis risk in communities study. Arch Ophthalmol 126: 1404-1410.

. Elkind MS, Sciacca RR, Boden-Albala B, Tondella ML, Feikin DR, et al. (2005)

Leukocyte count is associated with reduced endothelial reactivity. Atheroscle-
rosis 181: 329-338.

Gangaputra S, Kalyani PS, Fawzi AA, Van Natta ML, Hubbard LD, et al.
(2012) Retinal vessel caliber among people with acquired immunodeficiency
syndrome: relationships with disease-associated factors and mortality.
Am ] Ophthalmol 153: 434-444.

Nicholson GT, Hsu DT, Colan SD, Manwani D, Burton WB, et al. (2011)
Coronary artery dilation in sickle cell disease. J Pediatr 159: 789-794.

Taylor GA, Hudak ML (1994) Color Doppler ultrasound of changes in small
vessel diameter and cerebral blood flow during acute anemia in the newborn
lamb. Invest Radiol 29: 188-194.

Cheung AT, Chen PC, Larkin EC, Duong PL, Ramanujam S, et al. (2002)
Microvascular abnormalities in sickle cell disease: a computer-assisted intravital

microscopy study. Blood 99: 3999-4005.

. Kofoed PK, Sander B, Zubieta-Calleja G, Kessel L, Larsen M (2009) Retinal

vessel diameters in relation to hematocrit variation during acclimatization of
highlanders to sea level altitude. Invest Ophthalmol Vis Sci 50: 3960-3963.
Mailath L, Nagy G, Gat G, Racz M (1976) On the appearance of the eye fundus
in polycythaemia vera (author’s transl). Klin Monbl Augenheilkd 169: 343-348.
Metivier F, Marchais SJ, Guerin AP, Pannier B, London GM (2000)
Pathophysiology of anaemia: focus on the heart and blood vessels. Nephrol
Dial Transplant 15 Suppl 3: 14-18.

PLOS ONE | www.plosone.org

36.

37.

38.

39.

40.

41.

42.

43.

Blood Count and Retinal Vessels

Salvi SM (2005) Chronic myeloid leukaemia presenting as venous stasis
retinopathy. Eye (Lond) 19: 928-929.

Elkind MS, Sciacca R, Boden-Albala B, Homma S, Di Tullio MR (2002)
Leukocyte count is associated with aortic arch plaque thickness. Stroke 33:
2587-2592.

Told R, Fuchsjager-Mayrl G, Wolzt M, Schmetterer L, Garhofer G (2012)
Effects of increased white blood cell count on endothelin-induced vasoconstric-
tion in healthy subjects. Exp Eye Res 97: 49-54.

Stokes KY, Calahan L, Russell JM, Gurwara S, Granger DN (2006) Role of
platelets in hypercholesterolemia-induced leukocyte recruitment and arteriolar
dysfunction. Microcirculation 13: 377-388.

Patel KN, Soubra SH, Bellera RV, Dong JF, McMullen CA, et al. (2008)
Differential role of von Willebrand factor and P-selectin on microvascular
thrombosis in endotoxemia. Arterioscler Thromb Vasc Biol 28: 2225-2230.
Kim-Shapiro DB, Schechter AN, Gladwin MT (2006) Unraveling the reactions
of nitric oxide, nitrite, and hemoglobin in physiology and therapeutics.
Arterioscler Thromb Vasc Biol 26: 697-705.

Martin-Ventura JL, Madrigal-Matute J, Martinez-Pinna R, Ramos-Mozo P,
Blanco-Colio LM, et al. (2012) Erythrocytes, leukocytes and platelets as a source
of oxidative stress in chronic vascular diseases: detoxifying mechanisms and
potential therapeutic options. Thromb Haemost 108: 435-442.

Schiffrin EL (2012) Immune modulation of resistance artery remodelling. Basic
Clin Pharmacol Toxicol 110: 70-72.

Wong TY, Mitchell P (2004) Hypertensive retinopathy. N Engl J Med 351:
2310-2317.

July 2014 | Volume 9 | Issue 7 | 102230



