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Abstract: Background: Sickle cell diseases (SCDs) cause an accelerated atherosclerotic process in whole body. We
tried to understand whether or not there is an additional venous involvement in the SCDs. Methods: As one of the
significant endpoints of the SCDs, cases with chronic obstructive pulmonary disease (COPD) and without were col-
lected into the two groups. Results: The study included 427 patients (220 males). There were 71 patients (16.6%)
with COPD. Mean age of patients was significantly higher in the COPD group (32.8 versus 29.8 years, P=0.005). The
male ratio was significantly higher in the COPD group, too (78.8% versus 46.0%, P<0.001). Smoking (35.2% versus
11.2%, P<0.001) and alcohol (7.0% versus 1.9%, P<0.01) were also higher among the COPD cases. Beside these,
priapism (14.0% versus 2.8%, P<0.001), cirrhosis (8.4% versus 3.3%, P<0.05), leg ulcers (23.9% versus 12.0%,
P<0.01), digital clubbing (25.3% versus 6.7%, P<0.001), coronary heart disease (23.9% versus 13.7%, P<0.05),
chronic renal disease (15.4% versus 7.0%, P<0.01), and stroke (16.9% versus 8.1%, P<0.01) were all higher among
the COPD cases. Although deep venous thrombosis and/or varices and/or telangiectasias of the lower limbs were
also higher among them, the difference was nonsignificant (11.2% versus 5.0%, P>0.05) probably due to small
sample size of the COPD group. Conclusion: SCDs are chronic catastrophic processes on vascular endothelium
particularly at the capillary level, and terminate with accelerated atherosclerosis induced end-organ failures in early
years of life. Beside the accelerated atherosclerotic process, venous involvement may also be common in the SCDs.
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Introduction

Chronic endothelial damage may be the ma-
jor cause of aging and mortality by inducing
generalized hypoxia in body. Much higher blood
pressure (BP) of the afferent vasculature may
be the major underlying cause, and probab-
ly whole afferent vasculature including capillar-
ies are mainly involved in the process. Some
of the well-known accelerators of the inflam-
matory process are physical inactivity, weight
gain, smoking, and alcohol for the development
of irreversible endpoints including obesity,
hypertension (HT), diabetes mellitus (DM), cir-
rhosis, peripheric artery disease (PAD), chronic
obstructive pulmonary disease (COPD), chronic
renal disease (CRD), coronary heart disease
(CHD), mesenteric ischemia, osteoporosis, and
stroke, all of which terminate with early aging
and death. They were researched under the ti-
tle of metabolic syndrome in the literature, ex-
tensively [1, 2]. Similarly, sickle cell diseases

(SCDs) are chronic catastrophic processes on
vascular endothelium particularly at the capil-
lary level, and terminate with accelerated ath-
erosclerosis induced end-organ failures in early
years of life. Hemoglobin S (HbS) causes loss
of elastic and biconcave disc shaped struc-
tures of red blood cells (RBCs). Probably loss
of elasticity instead of shape is the main pro-
blem because sickling is rare in peripheric
blood samples of patients with associated th-
alassemia minors, and human survival is not
so affected in hereditary spherocytosis or el-
liptocytosis. Loss of elasticity is present in
whole lifespan, but exaggerated with increased
metabolic rate of the body. The hard RBCs
induced prolonged endothelial inflammation,
edema, and fibrosis mainly at the capillary level
terminate with hypoxia in whole body [3-5].
Capillary vessels are mainly involved in the
process due to their distribution function for
the hard bodies. Beside the accelerated ath-
erosclerotic process, we tried to understand
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Table 1. Characteristic features of the study cases

with the presence of new infil-

Variables Cases with COPD* P-value Cases without COPD

trates on chest x-ray film, fever,

Prevalence
Male ratio

16.6% (71)
78.8% (56)  <0.001

Mean age (year) 32.8 £+ 10.0 (5-58) 0.005
Thalassemia minors 76.0% (54) Nst

Smoking 35.2% (25) <0.001
Alcoholism 7.0% (5) <0.01

83.3% (356)
46.0% (164)
29.8 £+ 9.9 (6-59)
68.5% (244)
11.2% (40)

1.9% (7) during the silent phase [7]. An

cough, sputum production, dys-
pnea, or hypoxia [6]. The criteri-
on for diagnosis of COPD is post-
bronchodilator forced expiratory
volume in one second/forced
vital capacity of less than 70%

*Chronic obstructive pulmonary disease, tNonsignificant (P>0.05).

whether or not there is an additional venous
involvement in the SCDs in the present study.

Material and methods

The study was performed in Medical Faculty
of the Mustafa Kemal University between
March 2007 and January 2016. The study
included 427 patients with the SCDs (207
females and 220 males) without any exclusion
criterion during the nine-year period. The SCDs
are diagnosed with the hemoglobin electropho-
resis performed via high performance liquid
chromatography (HPLC). Medical histories in-
cluding smoking habit, regular alcohol con-
sumption, painful crises per year, transfused
RBC units in their lives, surgical operations,
priapism, leg ulcers, and stroke were learnt.
Patients with a history of one pack-year were
accepted as smokers, and one drink-year were
accepted as drinkers. A complete physical
examination was performed by the same physi-
cian. Cases with acute painful crisis or another
inflammatory event were treated at first, and
the laboratory tests and clinical measurements
were performed on the silent phase. A check up
procedure including serum iron, iron binding
capacity, ferritin, creatinine, liver function tests,
markers of hepatitis viruses A, B, and C and
human immunodeficiency virus, a posterior-
anterior chest x-ray film, an electrocardiogram,
a Doppler echocardiogram both to evaluate
cardiac walls and valves and to measure sys-
tolic BP of pulmonary artery, an abdominal ul-
trasonography, a venous Doppler ultrasonogra-
phy of the lower limbs, a computed tomography
of brain, and a magnetic resonance imaging
(MRI) of hips was performed. Other bones for
avascular necrosis were scanned according to
the patients’ complaints. Associated thalas-
semia minors were detected with serum iron,
iron binding capacity, ferritin, and hemoglobin
electrophoresis performed via HPLC. Acute
chest syndrome (ACS) is diagnosed clinically
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x-ray film of abdomen in upright

position was taken just in pa-

tients with abdominal distention
or discomfort, vomiting, obstipation, or lack of
bowel movement, and ileus was diagnosed with
gaseous distention of isolated segments of
bowel, vomiting, obstipation, cramps, and with
the absence of peristaltic activity on the abdo-
men. Systolic BP of the pulmonary artery of 40
mmHg or higher is accepted as pulmonary
hypertension [8]. CRD is diagnosed with a per-
sistent serum creatinine level of 1.3 mg/dL in
males and 1.2 mg/dL in females. Cirrhosis is
diagnosed with physical examination, hepatic
function tests, ultrasonographic results, and
tissue sample in case of indication. Digital club-
bing is diagnosed with the ratio of distal pha-
langeal diameter to interphalangeal diameter
which is greater than 1.0, and with the pres-
ence of Schamroth’s sign [9, 10]. An exercise
electrocardiogram is just performed in cases
with an abnormal electrocardiogram and/or
angina pectoris. Coronary angiography is taken
just for the exercise electrocardiogram positive
cases. So CHD was diagnosed either angio-
graphically or with the Doppler echocardio-
graphic findings as the movement disorders in
the cardiac walls. Rheumatic heart disease is
diagnosed with the echocardiographic find-
ings, too. Avascular necrosis of bones is diag-
nosed by means of MRI [11]. Stroke is diag-
nosed by the computed tomography of brain.
Ophthalmologic examination was performed
according to the patients’ complaints. Event-
ually as one of the significant endpoints of
the SCDs, cases with COPD and without were
collected into the two groups, and the groups
were compared in between. Mann-Whitney U
test, Independent-Samples t test, and com-
parison of proportions were used as the me-
thods of statistical analyses.

Results

There were 71 patients (16.6%) with COPD.
Mean age of the patients was significantly high-
er in the COPD group (32.8 versus 29.8 years,
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Table 2. Associated pathologies of the study cases

Variables Cases with COPD*  P-value Cases without COPD

Painful crises per year
Transfused RBCt units

5.3 £ 7.9 (0-36) Nst 4.9 +£79(0-52)
63.8 £ 85.1(0-434) 0.003 33.1+39.7 (0-250)

Priapism 14.0% (10) <0.001 2.8% (10)
lleus 4.2% (3) Ns 3.3% (12)
Cirrhosis 8.4% (6) <0.05 3.3% (12)
Leg ulcers 23.9% (17) <0.01 12.0% (43)
Pulmonary hypertension 12.6% (9) Ns 12.0% (43)
Varices 11.2% (8) Ns 5.0% (18)
Digital clubbing 25.3% (18) <0.001 6.7% (24)
CHD§ 23.9% (17) <0.05 13.7% (49)
CRDY 15.4% (11) <0.01 7.0% (25)
Rheumatic heart disease 7.0% (5) Ns 6.1% (22)
Avascular necrosis of bones 21.1% (15) Ns 25.2% (90)
ACS** 1.4% (1) Ns 3.6% (13)
Stroke 16.9% (12) <0.01 8.1% (29)
Mortality 7.0% (5) Ns 6.4% (23)

*Chronic obstructive pulmonary disease, tNonsignificant (P>0.05), +Red blood cell,
§Coronary heart disease, YChronic renal disease, **Acute chest syndrome.

HBsAg positivity (1.1%)
but HBV DNA was po-
sitive in none of them
by polymerase chain re-
action (PCR). Although
antiHCV was positive in
5.8% (25) of the study
cases, HCV RNA was
detected as positive
just in four (0.9%) by
PCR.

Discussion

Chronic endothelial da-
mage may be the most
common type of vas-
culitis, and the lead-
ing cause of aging and
mortality in human be-
ing. Physical inactivity,
weight gain, smoking,

P=0.005). The male ratio was significantly high-
erin the COPD group, too (78.8% versus 46.0%,
P<0.001). Smoking (35.2% versus 11.2%, P<
0.001) and alcohol consumption (7.0% versus
1.9%, P<0.01) were also higher among the
COPD cases. Prevalences of associated tha-
lassemia minors were similar in both groups
(76.0% versus 68.5% in the COPD group and
other, respectively, P>0.05) (Table 1). Beside
these, transfused RBC units in their lives (63.8
versus 33.1, P=0.003), priapism (14.0% versus
2.8%, P<0.001), cirrhosis (8.4% versus 3.3%,
P<0.05), leg ulcers (23.9% versus 12.0%, P<
0.01), digital clubbing (25.3% versus 6.7%,
P<0.001), CHD (23.9% versus 13.7%, P<0.05),
CRD (15.4% versus 7.0%, P<0.01), and stroke
(16.9% versus 8.1%, P<0.01) were all high-
er among the COPD cases. Although deep ve-
nous thrombosis and/or varices and/or telan-
giectasias of the lower limbs were also high-
er, the difference was nonsignificant (11.2%
versus 5.0%, P>0.05) probably due to the
small sample size of the COPD group (Table 2).
There were 28 mortality (15 males) during
the nine-year period. The mean ages of mortal-
ity were 33.6 + 9.5 years (range 19-47) in
females and 30.8 + 8.6 years (range 19-50) in
males (P>0.05). On the other hand, there were
three patients with sickle cell retinopathy, all
of them were found in cases without the CO-
PD. Additionally, there were five patients with
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alcohol, prolonged infe-

ctions, and chronic in-
flammatory processes including SCDs, rheu-
matologic disorders, and cancers may acce-
lerate the process. Probably whole afferent
vasculature including capillaries are mainly in-
volved in the process. Much higher BP of the
afferent vasculature may be the major underly-
ing cause by inducing recurrent micro-injuries
on endothelium. Therefore the term of veno-
sclerosis is not as famous as arteriosclerosis
or atherosclerosis in the literature. Secondary
to the chronic endothelial inflammation, ede-
ma, and fibrosis, vascular walls become thick-
ened, their lumens are narrowed, and they
lose their elastic natures that reduce blood
flow and increase BP further. Although early
withdrawal of causative factors may delay final
consequences, after development of cirrhosis,
COPD, CRD, CHD, PAD, or stroke, endothelial
changes can not be reversed due to the fibrotic
natures of them [12].

SCDs are life-threatening hereditary disorders
affecting nearly 100,000 individuals in the
United States [13]. As a difference from other
causes of chronic endothelial damage, the
SCDs may keep vascular endothelium particu-
larly at the capillary level [14], since the capil-
lary system is the main distributor of the
hard RBCs to the tissues. The hard cells in-
duced chronic endothelial damage, inflamma-
tion, edema, and fibrosis build up an advanced
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atherosclerosis in younger ages of the patients.
As a result, mean lifespans of the patients were
48 years in females and 42 years in males in
the literature [15], whereas they were 33.6 and
30.8 years in the present study, respectively.
The great differences may be secondary to
delayed diagnosis of the diseases, delayed ini-
tiation of hydroxyurea therapy, and inadequate
RBC supports in crises in our country. Actually,
RBC support must be given whenever there is
an evidence of clinical deterioration in the SCDs
[16, 17]. RBC support decreases sickle cell con-
centration in circulation and suppresses bone
marrow for the production of abnormal RBCs.
So it decreases sickling induced endothelial
damage on organs in crises. According to our
nine-year experiences, simple transfusions are
superior to RBC exchange. First of all, prepara-
tion of one or two units of RBC suspensions in
each time rather than preparation of six units
or more gives time to clinicians to prepare more
units by preventing sudden death of such
patients. Secondly, transfusions of one or two
units of RBC suspensions in each time decrea-
se the severity of pain and relax anxiety of the
patients and families in a short period of time.
Thirdly, transfusions of lesser units of RBC sus-
pensions in each time by means of simple
transfusions will decrease transfusion-related
complications in the future. Fourthly, transfu-
sion of RBC suspensions in secondary health
centers may prevent some deaths developed
during transport to tertiary centers for the
exchange. On the other hand, longer lifespan of
females in the SCDs [15] and longer overall sur-
vival of females in the world [18] can not be
explained by the atherosclerotic effects of
smoking or alcohol alone, instead it may be
explained by physical power requiring role of
male sex in life that may terminate with an
exaggerated sickling and atherosclerosis in the
body [19].

COPD is the third leading cause of mortality
with different causative factors in the world
[20]. It is an inflammatory disorder mainly
affecting the pulmonary vasculature, and smok-
ing, excess weight, and aging may be the major
causes. Regular alcohol consumption may also
take place in the inflammatory process. For
example, the prevalence of alcohol consump-
tion was significantly higher in the COPD group
in the present study (7.0% versus 1.9%,
P<0.01). Similarly, COPD was one of the most
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frequent associated disorders in alcohol de-
pendence in another study [21]. Additionally,
30-day readmission rate was higher in COPD
patients with alcoholism [22]. Probably the
accelerated atherosclerotic process is the main
structural background of functional changes
that are characteristics of the COPD. The endo-
thelial process is enhanced by release of vari-
ous chemicals by inflammatory cells, and termi-
nates with endothelial fibrosis and tissue loss-
es in lungs. Although COPD may mainly be an
accelerated atherosclerotic process of the pul-
monary vasculature, there are several reports
about coexistence of generalized endothelial
inflammation in whole body [23, 24]. For exam-
ple, close relationships were shown between
COPD, CHD, PAD, and stroke [25]. Similarly,
two-third of mortality cases were caused by
cardiovascular diseases and lung cancers in
smokers in a multi-center study [26]. When the
hospitalizations were researched, the most
common causes were the cardiovascular dis-
eases again [26]. In another study, 27% of all
mortality were due to the cardiovascular cau-
ses in the moderate and severe COPD cases
[27]. Due to the strong atherosclerotic natures
of the SCDs and COPD, COPD may be one of
the terminal endpoints of the SCDs due to the
higher prevalences of priapism, leg ulcers,
digital clubbing, CHD, CRD, and stroke in the
COPD group [28].

Smoking may have major effects on systemic
atherosclerotic processes including COPD, digi-
tal clubbing, cirrhosis, CRD, PAD, CHD, stroke,
and cancers [12, 29]. Its atherosclerotic effects
are the most obvious in COPD and Buerger's
disease. Buerger’s disease is an inflammatory
process terminating with obliterative changes
in blood vessels, and it has never been report-
ed in the absence of smoking. Smoking induced
endothelial damage probably affects pulmo-
nary vasculature much more than the other
organs due to the higher concentration of its
products, here. But smoking may even cause
cirrhosis, CRD, PAD, CHD, stroke, and cancers
by the transport within the blood. COPD may
also be accepted as a localized Buerger’s dis-
ease of the lungs. On the other hand, beside
the strong atherosclerotic effects, smoking in
human being and nicotine administration in
animals may be associated with some weight
loss [30]. There may be an increased energy
expenditure during smoking [31], and nicotine
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may decrease caloric intake in a dose-related
manner [32]. Nicotine may lengthen intermeal
time, and decrease amount of meal eaten [33].
Similarly, body mass index (BMI) seems to be
the highest in former, the lowest in current, and
medium in never smokers [34]. As a pleasure in
life, smoking may also show the weakness of
volition to control eating. For example, preva-
lences of HT, DM, and smoking were the high-
estin the highest triglyceride having group as a
significant parameter of the metabolic syn-
drome [35]. Additionally, although CHD were
detected with similar prevalences in both
sexes, smoking and COPD were higher in males
against the higher prevalences of BMI and its
terminal consequences including dyslipidemia,
HT, and DM in females [29]. Probably toxic sub-
stances of tobacco smoke cause an acute
inflammation on vascular endothelium in whole
body, and it is the major cause of loss of appe-
tite during circulation of the substances within
blood, since body can’t eat anything during
fighting. On the other hand, when we thought
some antidepressant properties of smoking
and alcohol, the higher prevalences of them
may also show some additional stresses and
shorthened survival in male sex in life.

Digital clubbing may help to identify some sys-
temic disorders in the body. It is characterized
by loss of normal <165° angle between the
nailbed and fold, increased convexity of the nail
fold, and thickening of the whole distal finger
[36]. Some authors detected clubbing in 0.9%
of all patients admitted to the department of
internal medicine [9], whereas the prevalence
was 4.2% in the same department in our uni-
versity [12]. The exact cause and significance
is unknown but chronic tissue hypoxia has
been proposed [37, 38]. In the above study,
only 40% of clubbing cases turned out to have
significant underlying diseases while 60%
remained well over the subsequent years [9].
But according to our experiences, digital club-
bing is frequently associated with pulmonary,
cardiac, and/or hepatic disorders or smoking
that are featuring with chronic tissue hypoxia.
As an explanation for that lungs, heart, and
liver are closely related organs that affect their
functions in a short period of time. Similarly,
digital clubbing may be an indicator of dissemi-
nated atherosclerosis particularly at the capil-
lary level in the SCDs, and we observed club-
bing in 9.8% of patients with the SCDs in the
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present study. Beside the effects of SCDs, the
higher prevalences of smoking (35.2% versus
11.2%, P<0.001) and clubbing (25.3% versus
6.7%, P<0.001) in the COPD group may also
show some additional roles of smoking and
COPD on digital clubbing.

Leg ulcers are seen in 10 to 20% of patients
with the SCDs [39], and the ratio was 14.0% in
the present study. Its incidence increases with
age, male sex, and HbSS genotype [39].
Similarly, its ratio was 20.4% in males and 7.2%
in females in the present study (P<0.001).
Beside that, mean age of the patients with leg
ulcers was higher than the patients without
(34.8 versus 29.5 years, P<0.000), here. The
leg ulcers have an intractable nature, and
around 97% of healed ulcers relapse in a peri-
od of one year [40]. As an evidence of their ath-
erosclerotic background, the leg ulcers occur in
distal areas with less collaterally blood flow in
the body [40]. The hard RBCs induced chronic
endothelial damage particularly at the capillary
level may be the major cause in the SCDs [39].
Prolonged exposure to the hard bodies due to
blood pooling in the lower extremities may also
explain the leg but not arm ulcers in the SCDs.
The hard RBCs induced venous insufficiencies
may also accelerate the process by accelerat-
ing pooling of causative hard bodies in the legs,
and vice versa. Pooling of blood in the lower
extremities may also have effects on the
venous ulcers, diabetic ulcers, Buerger's dis-
ease, digital clubbing, and onychomycosis.
Beside the hard bodies, smoking and alcohol
may also have some effects on the leg ulcers
since both of them are much more common in
males, and their atherosclerotic effects are
obvious in the COPD, Buerger’'s disease, and
cirrhosis [39]. According to our nine-year expe-
riences, prolonged resolution of leg ulcers with
hydroxyurea therapy may also suggest that they
may be secondary to increased WBC and PLT
counts induced prolonged endothelial inflam-
mation and edema in the SCDs.

Stroke is also a frequent complication of the
SCDs [41]. Similar to the ACS and leg ulcers, it
is more common with the HbSS genotype and a
higher WBC count [42, 43]. Sickling induced
generalized endothelial damage and activa-
tions of WBC and PLTs may terminate with
chronic endothelial inflammation, edema, and
fibrosis in the brain [44]. Stroke may not have a
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macrovascular origin, instead generalized en-
dothelial inflammation and edema, particular-
ly at the capillary level, may be much more
important in the SCDs. Infections, inflamma-
tions, and various stresses may precipitate the
stroke because increased metabolic rate dur-
ing such events may precipitate sickling and
secondary endothelial inflammation and ede-
ma. Similar to the ACS and leg ulcers, a signifi-
cant reduction with hydroxyurea therapy may
also suggest that a significant proportion of
stroke is secondary to increased WBC and PLT
counts induced generalized endothelial inflam-
mation and edema in the SCDs [14, 45].

Varices are abnormally dilated vessels with tor-
tuous courses. They usually occur in the venous
system of the legs. Related factors include
pregnancy, obesity, menopause, aging, and
heredity. In another word, varices are more
common in females. Interestingly, deep venous
thrombosis and/or varices and/or telangiecta-
sias of the lower limbs were higher in males in
the present study (7.7% versus 4.3%, P<0.05).
Some proportion of the difference may be due
to endothelial toxicities of smoking and alcohol,
since both of them were significantly higher in
males, here (23.6% versus 6.2% in smoking
and 5.0% versus 0.4% in alcohol, P<0.001 for
both). Normally, leg muscles pump veins to
return blood to the heart against the gravity,
and the veins have pairs of leaflets of valves to
prevent blood from flowing backwards. When
the leaflets are damaged, varices and/or telan-
giectasias develop. Varicose veins are the most
common in superficial veins of the legs, which
are subject to higher pressure when standing
up, thus patient’s physical examination should
be performed in upright position. Deep venous
thrombosis is another possible cause of vari-
cose veins. Severe long-standing varicose veins
can lead to leg swelling, venous eczema, skin
thickening, and ulcerations, but life-threatening
complications are rare. Because most of blood
in the legs is returned by deep veins and super-
ficial veins return only about 10% of total blood,
varices can usually be removed without serious
harm, surgically. Although the young mean age
of the study cases (30.3 years) here, the high
prevalences of deep venous thrombosis and/or
varices and/or telangiectasias of the lower
limbs (6.0%) may show an additional venous
involvement in the SCDs.
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Priapism is the painful erection of penis which
does not return to its flaccid state within four
hours in the absence of any stimulation [46]. It
is an emergency since damage to the blood
vessels may terminate with fibrosis of the cor-
pus cavernosa and eventually a shortened,
indurated, and non-erectile penis [46]. Ischemic
(veno-occlusive), recurrent ischemic, and non-
ischemic ones (arterial) are the three types of
priapism [47]. Ninety-five percent of clinically
presented priapisms are ischemic or veno-
occlusive types in which blood can not return
adequately from the penis to body as in the
SCDs [46, 47]. The remaining 5% are nonisch-
emic or arterial types that usually caused by a
blunt perineal trauma in which there is a short-
circuit of the vascular system in the penis [46].
Treatment of arterial type is not as urgent as
that of venous type since there is no risk of
ischemia [46]. Due to the highly suspected
venous nature of priapism in the SCDs, the high
prevalence of priapism (4.6%) in the present
study may also show an additional venous
involvement in the SCDs.

As a conclusion, SCDs are chronic catastrophic
processes on vascular endothelium particularly
at the capillary level, and terminate with accel-
erated atherosclerosis induced end-organ fail-
ures in early years of life. Beside the accelerat-
ed atherosclerotic process, venous involve-
ment may also be common in the SCDs.
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