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Chronic endothelial damage may be the leading cause of aging 
by causing disseminated tissue hypoxia all over the body. 
Probably whole afferent vasculature including capillaries 
are mainly involved in the process since much higher blood 
pressures (BP) of the afferent vasculature may be the major 
underlying cause by inducing recurrent endothelial injuries. 
Thus the term of venosclerosis is not as famous as atherosclerosis 
in the literature. Secondary to the chronic endothelial damage, 
inflammation, edema, and fibrosis, vascular walls become 
thickened, their lumens are narrowed, and they lose their elastic 
natures those reduce blood flow and increase systolic BP further. 
Some of the well-known accelerators of the atherosclerotic 
process are sedentary lifestyle, physical inactivity, excess 
weight, smoking, alcohol, cancers, and chronic inflammatory 
and infectious processes including sickle cell diseases (SCD), 
rheumatologic disorders, and tuberculosis for the development 
of irreversible endpoints including obesity, hypertension (HT), 
diabetes mellitus (DM), peripheric artery disease (PAD), 
chronic obstructive pulmonary disease (COPD), pulmonary 
hypertension (PHT), chronic renal disease (CRD), coronary 
heart disease (CHD), cirrhosis, osteoporosis, and stroke, all of 
which terminate with early aging and premature death. 

They were discussed under the titles of metabolic syndrome, 
aging sydrome, and accelerated endothelial damage syndrome 
in the literature, extensively. Although early withdrawal of the 
causative factors may delay terminal endpoints, the endothelial 
changes can not be reversed completely after the development 
of obesity, HT, DM, PAD, COPD, PHT, CRD, CHD, or 
stroke due to their fibrotic natures. Similarly, SCD are severe 
inflammatory processes on vascular endothelium, particularly 
at the capillary level and terminate with an accelerated 
atherosclerosis induced end-organ failures in early years of 
life. Hemoglobin S causes loss of elastic and biconcave disc 
shaped structures of red blood cells (RBC). Probably loss of 
elasticity instead of shape is the main pathology since sickling 
is rare in peripheric blood samples of the SCD patients with 
associated thalassemia minors, and human survival is not 
affected in hereditary spherocytosis or elliptocytosis. Loss of 
elasticity is present during whole lifespan, but exaggerated with 
inflammations, infections, and various stresses of the body. The 
hard RBC induced chronic endothelial damage, inflammation, 
edema, and fibrosis terminate with disseminated tissue hypoxia 
all over the body. As a difference from other causes of chronic 
endothelial damage, the SCD may keep vascular endothelium 
particularly at the capillary level, since the capillary system 
is the main distributor of the hard cells into the tissues. The 
hard cells induced chronic endothelial damage builds up an 
advanced atherosclerosis in much younger ages of the patients. 
As a result, mean lifespans of the patients with the SCD were 48 
and 42 years in females and males in the literature, respectively. 
Actually, SCD and metabolic syndromes may have similar 
pathophysiologic effects on human body, and SCD are a chance 
for us that we can see several consequences of metabolic 
syndrome on human body in much earlier ages of the patients. 
We have published four papers about the relationship between 
the SCD and metabolic syndrome in this issue.  
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ABSTRACT  

Background: We tried to understand possible ef-
fects of sickle cell diseases (SCD) on physical and 
metabolic parameters.

Methods: Consecutive patients with the SCD and 
age and gender-matched controls were studied.

Results: The study included 363 patients with the 
SCD (169 females) and 255 control cases (119 
females). Mean ages of the SCD patients were 
similar in males and females (31.1 versus 31.0 
years, respectively, p>0.05). Although the body 
weight and body mass index (BMI) were signifi-
cantly retarded in the SCD patients (59.9 versus 
71.5 kg and 21.9 versus 25.6 kg/m2, respectively, 
p= 0.000 for both), the body heights were similar 
in both groups (164.9 versus 167.0 cm, p>0.05). 
Parallel to the retarded mean body weight, fasting 
plasma glucose (FPG) (92.8 versus 97.6 mg/dL, p= 
0.005), total cholesterol (TC) (121.4 versus 165.0 
mg/dL, p= 0.000), low density lipoproteins (LDL) 
(70.4 versus 102.4 mg/dL, p= 0.000), high den-
sity lipoproteins (HDL) (26.0 versus 39.6 mg/dL, 
p= 0.000), systolic blood pressures (BP) (115.2 
versus 122.6 mmHg, p= 0.000), and diastolic BP 
(73.0 versus 86.6 mmHg, p= 0.000) were all low-
er in the SCD patients, significantly. Interesting-
ly, only the mean triglycerides value was higher  

 
 
 
in the SCD patients (129.4 versus 117.3 mg/dL, 
p= 0.000), significantly. Similarly, mean alanine 
aminotransferase value was not suppressed in the 
SCD patients, too (27.4 versus 27.3 U/L, respec-
tively, p>0.05).

Conclusion: Although the body weight, BMI, 
FPG, TC, LDL, HDL, systolic BP, and diastolic 
BP were significantly lower in the SCD patients, 
the body height may strongly be determined by 
heredity.

Key words: Sickle cell diseases, 
chronic endotelial damage, 
metabolic syndrome, 
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Introduction

Chronic endothelial damage may be the major underlying 
cause of aging and death by causing end-organ insufficiencies 
in human beings (1, 2). Much higher blood pressures (BP) of 
the afferent vasculature may be the major accelerating factor 
by causing recurrent injuries on vascular endothelial cells. 
Probably, whole afferent vasculature including capillaries are 
mainly involved in the process. Thus the term of venosclerosis 
is not as famous as atherosclerosis in the medical literature. 
Due to the chronic endothelial damage, inflammation, edema, 
and fibrosis, vascular walls thicken, their lumens narrow, 
and they lose their elastic nature, which eventually reduces 
blood supply to the terminal organs, and increases systolic 
BP further. Some of the well-known accelerating factors or 
indicators of the inflammatory process are physical inactivity, 
sedentary lifestyle, animal-rich diet, smoking, alcohol, over-
weight, hypertriglyceridemia, dyslipidemia, impaired fasting 
glucose, impaired glucose tolerance, white coat hypertension, 
chronic inflammations, prolonged infections, and cancers for 
the development of terminal consequences including obes-
ity, hypertension (HT), diabetes mellitus (DM), cirrhosis, pe-
ripheric artery disease (PAD), chronic obstructive pulmonary 
disease (COPD), coronary heart disease (CHD), chronic renal 
disease (CRD), mesenteric ischemia, osteoporosis, stroke, de-
mentia, other end-organ insufficiencies, aging, and death (3, 
4). Although early withdrawal of the accelerating factors can 
delay terminal consequences, after development of HT, DM, 
cirrhosis, COPD, CRD, CHD, PAD, mesenteric ischemia, os-
teoporosis, stroke, dementia, other end-organ insufficiencies, 
and aging, endothelial changes cannot be reversed completely 
due to their fibrotic nature. The accelerating factors and ter-
minal consequences are researched under the titles of meta-
bolic syndrome, aging syndrome, or accelerated endothelial 
damage syndrome in the medical literature, extensively (5, 
6). On the other hand, sickle cell diseases (SCD) are chronic 
inflammatory processes on vascular endothelial cells termi-
nating with accelerated atherosclerosis induced end-organ in-
sufficiencies and a shortened survival in both genders (7, 8). 
Hemoglobin S (Hb S) causes loss of elastic and biconcave disc 
shaped structures of red blood cells (RBC). Probably loss of 
elasticity instead of shape is the major problem since sickling 
is rare in peripheric blood samples of the patients with associ-
ated thalassemia minors, and human survival is not affected 
in hereditary spherocytosis or elliptocytosis. Loss of elasticity 
is present during whole lifespan, but exaggerated with inflam-
mation, infections, and various stresses of the body. The hard 
RBC induced chronic endothelial damage, inflammation, and 
fibrosis terminate with disseminated tissue hypoxia all over 
the body (9, 10). As a difference from other causes of chronic 
endothelial damage, the SCD may keep vascular endothelium 
particularly at the capillary level (11), since the capillary sys-
tem is the main distributor of the hard cells into the tissues. 
The hard RBC induced chronic endothelial damage builds up 
an advanced atherosclerosis in younger ages of the patients. 
Vascular narrowings and occlusions induced tissue ischemia 
and infarctions are the final consequences of the SCD, so the 
mean life expectancy is decreased by 25 to 30 years in the SCD 
(12). We tried to understand some possible effects of SCD on 
physical and metabolic parameters in the present study.

Material and Methods

The study was performed in the Medical Faculty of the Musta-
fa Kemal University on consecutive patients with the SCD and 
routine check up cases between March 2007 and June 2016. The 
SCD are diagnosed with the hemoglobin electrophoresis per-
formed via high performance liquid chromatography. Medical 
histories of the SCD patients were learnt. A complete physi-
cal examination was performed by the same internist. Body 
mass index (BMI) of each case was calculated by the meas-
urements of the same internist instead of verbal expressions. 
Weight in kilogram is divided by height in meter squared (13). 
Systolic and diastolic BP were checked after a 5-minute rest 
in seated position by using the mercury sphygmomanometer 
(ERKA, Germany), and no smoking was permitted during the 
previous 2-hours. Cases with acute painful crisis or any other 
inflammatory event were treated at first, and the laboratory 
tests and clinical measurements were performed on the silent 
phase. Check up procedures including fasting plasma glucose 
(FPG), total cholesterol (TC), high density lipoproteins (HDL), 
triglycerides (TG), serum creatinine, alanine aminotransferase 
(ALT), markers of hepatitis viruses A, B, C and human immu-
nodeficiency virus, a posterior-anterior chest x-ray film, and an 
electrocardiogram were performed. Eventually, the mean body 
weight, height, BMI, FPG, TC, low density lipoproteins (LDL), 
HDL, TG, ALT, and systolic and diastolic BP were detected in 
each group, and compared in between. Mann-Whitney U Test, 
Independent-Samples t Test, and comparison of proportions 
were used as the methods of statistical analyses.

Results

The study included 363 patients with the SCD (169 females) 
and 255 control cases (119 females). Mean ages of the SCD 
patients were similar in males and females (31.1 versus 31.0 
years, respectively, p>0.05). Although the mean body weight 
and BMI were retarded in the SCD patients, significantly (59.9 
versus 71.5 kg and 21.9 versus 25.6 kg/m2, respectively, p= 
0.000 for both), the mean body heights were similar in both 
groups (164.9 versus 167.0 cm, p>0.05). Parallel to the retarded 
mean body weight, FPG (92.8 versus 97.6 mg/dL, p= 0.005), 
TC (121.4 versus 165.0 mg/dL, p= 0.000), LDL (70.4 versus 
102.4 mg/dL, p= 0.000), HDL (26.0 versus 39.6 mg/dL, p= 
0.000), systolic BP (115.2 versus 122.6 mmHg, p= 0.000), and 
diastolic BP (73.0 versus 86.6 mmHg, p= 0.000) were all lower 
in the SCD patients, significantly. Interestingly, only the mean 
TG value was higher in the SCD patients (129.4 versus 117.3 
mg/dL, p= 0.000), significantly. Similarly, the mean ALT value 
was not suppressed in the SCD patients, too (27.4 versus 27.3 
U/L, respectively, p>0.05) (Table 1).
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Discussion

SCD include a group of genetic disorders characterized by the 
presence of Hb S, which is the first discovered hemoglobinopa-
thy in the world (14). Together with hemoglobin E, it is the most 
common hemoglobinopathy, now. Hb S causes RBC to change 
their normal biconcave disc shape to a crescent or sickle shape 
during various stresses. The RBC can take their normal shapes 
after normalization of the stressful conditions, but after repeated 
cycles of sickling and unsickling, they are damaged permanently, 
and hemolysis occurs. So lifespan of the RBC decreases from the 
normal 120 days to 15-25 days. This hemolysis is responsible for 
the anemia that is the hallmark of the SCD. Painful crises are the 
most disabling symptoms of the SCD. Although painful crises 
may not be life threatening directly (15), infections are the most 
common triggering factors of the crises. So the risk of mortality 
is significantly higher during the crises. On the other hand, the 

severe pain may be the result of a complex interaction between 
RBC, white blood cells (WBC), platelets (PLT), and endotheli-
al cells. Probably, leukocytosis contributes to the pathogenesis 
by releasing several cytotoxic enzymes. The adverse actions of 
WBC and PLT on the endothelial cells are of particular interest 
with regard to the stroke and cerebrovascular diseases in the SCD 
(16). For instance, leukocytosis in the absence of any infection 
was an independent predictor of the severity of the SCD (17), 
and it was associated with an increased risk of stroke in a cohort 
of Jamaican patients (18). Occlusions of vasculature of the bone 
marrow, bone infarctions, inflammatory mediators, and activa-
tion of afferent nerves may take a role in the pathophysiology of 
the severe pain. Due to the severity of pain, narcotic analgesics 
are frequently used (19). According to our experiences, the pain-
ful crises are the most disturbing problems for the patients, for 
their families, for health professionals, and even for other patients 
due to the severity and prolonged nature of the episodes.

Table 1: Characteristic features of the study cases

*Sickle cell diseases   †Nonsignificant (p>0.05)   ‡Body mass index   §Fasting plasma glucose   ║Total cholesterol   ¶Low density  
lipoproteins   **High density lipoproteins   ***Triglycerides   ****Alanine aminotransferase   *****Blood pressures
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Due to the repeated infarctions and subsequent fibrosis, the 
spleen is usually so small in adults. Eventually, a functional 
and anatomic asplenism develops due to the decreased anti-
body production, prevented opsonization, and reticuloendothe-
lial dysfunctions. Terminal consequence of the asplenism is an 
increased risk of infections with Streptococcus pneumoniae, 
Haemophilus influenzae, and Neisseria meningitidis-like en-
capsulated bacteria. Particularly, pneumococcal infections are 
frequent in early childhood, and are associated with higher 
mortality rates. The causes of death were infection in 56% of 
infants in a previous study (17). In another study, the peak inci-
dence of death among children with the SCD occured between 
1 and 3 years of age, and the deaths under the age of 20 years 
were predominantly caused by pneumococcal sepsis (20). Adult 
patients, even those who appear relatively fit, are susceptible 
to sepsis, multiorgan failures, and sudden death during acute 
painful crises due to the severe immunosuppression in them.

SCD can affect all vascular organ systems of the body (21, 22). 
Aplastic crises, sequestration crises, hemolytic crises, acute 
chest syndrome, avascular necrosis of the femoral and humeral 
heads, priapism and infarction of the penis, osteomyelitis, acute 
papillary necrosis of the kidneys, CRD, occlusions of retinal 
arteries and blindness, pulmonary HT, bone marrow necro-
sis induced dactilitis in children, chronic punched-out ulcers 
around ankles, hemiplegia, and cranial nerve palsies are only 
some of the several presentation types of the SCD. Eventually, 
the median ages of death were 42 years in males and 48 years 
in females in the literature (12). Delayed diagnosis, delayed ini-
tiation of hydroxyurea therapy, and inadequate RBC supports 
during emergencies may decrease the expected survival time 
in the SCD patients further (23). Actually, RBC supports must 
be given immediately during all medical or surgical proce-
dures in which there is evidence of clinical deterioration in the 
SCD (24). RBC supports decreased sickle cell concentration in 
the circulation and suppresses bone marrow for the production 
of abnormal RBC. So it decreases sickling-induced endothelial 
damage and inflammation all over the body. Due to the great 
variety of clinical presentation types, it is not surprising to see 
that the mean body weight and BMI were significantly retarded 
in patients with the SCD in the present study. On the other 
hand, as an opposite finding to some other reports (25, 26), the 
body heights were similar in patients with the SCD and control 
cases, here. Probably due to the significantly lower mean body 
weight and BMI, mean values of the FPG, TC, LDL, HDL, 
systolic BP, and diastolic BP were also lower in patients with 
the SCD, which can be explained by definition of the metabolic 
syndrome (27, 28).

Cholesterol, TG, and phospholipids are the major lipids of the 
body. Cholesterol is an essential structural component of an-
imal cell membrane, bile acids, adrenal and gonadal steroid 
hormones, and vitamin D. TG are fatty acid esters of glycerol, 
and they are the major lipids transported in the blood. The bulk 
of fat tissue deposited all over the body is in the form of TG. 
Phospholipids are TG that are covalently bound to a phosphate 
group. Phospholipids regulate membrane permeability, remove 
cholesterol from the body, provide signal transmission across 
the membranes, act as detergents, and help in solubilization 
of cholesterol. Cholesterol, TG, and phospholipids do not cir-

culate freely in the plasma instead they are bound to proteins, 
and transported as lipoproteins. There are five major classes of 
lipoproteins including chylomicrons, very low density lipopro-
teins (VLDL), intermediate density lipoproteins (IDL), LDL, 
and HDL in the plasma. Chylomicrons carry exogenous TG 
from intestine to liver via the thoracic duct. VLDL are pro-
duced in the liver, and carry endogenous TG from the liver to 
the peripheral organs. In the capillaries of adipose and mus-
cle tissues, 90% of TG is removed by a specific group of li-
pases. So VLDL are converted into IDL by removal of TG. 
Then IDL are degraded into LDL by removal of more TG. So 
VLDL are the main sources of LDL in the plasma. LDL deliver 
cholesterol from the liver to other parts of the body. Although 
the liver removes the majority of LDL from the circulation, 
a small amount is uptaken by scavenger receptors on macro-
phages which may migrate into arterial walls and become the 
foam cells of atherosclerotic plaques. HDL removes fats and 
cholesterol from cells, including within arterial wall atheroma, 
and carry the cholesterol back to the liver and steroidogenic 
organs including adrenals, ovaries, and testes for excretion, 
reutilization, and disposal. All of the carrier lipoproteins in the 
plasma are under dynamic control, and are readily affected by 
diet, illness, drug, body weight, and BMI. Thus lipid analysis 
should be performed during a steady state. But the metabolic 
syndrome alone is a low grade inflammatory process on vas-
cular endothelial cells all over the body. Thus the metabolic 
syndrome alone may be a cause of the abnormal lipoproteins 
levels in the plasma. On the other hand, although HDL are 
commonly called ‘the good cholesterol’ due to their role in re-
moving excess cholesterol from the blood, and protecting the 
arterial walls against atherosclerosis (29), recent studies did 
not show similar results, and low plasma HDL levels may alert 
clinicians about searching for additional metabolic or inflam-
matory pathologies in the body (30, 31). Normally, HDL may 
show various anti-atherogenic properties including reverse 
cholesterol transport and anti-oxidative and anti-inflammatory 
properties (30). However, HDL may become ‘dysfunctional’ in 
pathological conditions which means that relative compositions 
of lipids and proteins, as well as the enzymatic activities of 
HDL are altered (30). For instance, properties of HDL are com-
promised in patients with DM due to the oxidative modification 
and glycation as well as the transformation of HDL proteomes 
into proinflammatory proteins. Additionally, the highly effec-
tive agents of increasing HDL levels such as niacin, fibrates, 
and cholesteryl ester transfer protein inhibitors did not reduce 
all cause mortality, CHD mortality, myocardial infarction, or 
stroke (32). While higher HDL levels are correlated with car-
diovascular health, medications used to increase HDL did not 
improve the health (32). In other words, while high HDL levels 
may correlate with better cardiovascular health, specifically 
increasing one’s HDL values may not increase cardiovascular 
health (32). So they may just be some indicators instead of be-
ing the main actors of the process. Beside that, HDL particles 
that bear apolipoprotein C3 are associated with increased risk 
of CHD (33). Similarly, BMI, FPG, DM, and CHD were the 
lowest between the HDL values of 40 and 46 mg/dL, and the 
prevalence DM was only 3.1% between these values against 
22.2% of outside of these limits (34). In another definition, the 
moderate HDL values may also be the results instead of the 
causes of the better health parameters.
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Excess weight may be the major accelerating factor of metabolic 
syndrome in the world, nowadays. Adipose tissue produces 
leptin, tumor necrosis factor-alpha, plasminogen activator 
inhibitor-1, and adiponectin-like cytokines, act as acute phase 
reactants in the plasma (35). Excess weight-induced chronic 
low-grade vascular endothelial inflammation plays a significant 
role in the pathogenesis of accelerated atherosclerosis in whole 
body (36). Additionally, excess weight leads to myocardial 
hypertrophy terminating with a decreased cardiac compliance. 
Combination of these cardiovascular risk factors eventually 
terminate with increased risks of arrhythmias, cardiac failure, 
and sudden death. Similarly, the prevalences of CHD and stroke 
increased parallel to the increased BMI in the other studies 
(37, 38), and risk of death from all causes including cancers 
increased throughout the range of moderate to severe weight 
excess in all age groups (39). The relationship between excess 
weight, elevated BP, and hypertriglyceridemia is described 
in the metabolic syndrome, and clinical manifestations of the 
syndrome include obesity, dyslipidemia, HT, insulin resistance, 
and proinflammatory and prothrombotic states (40). Similarly, 
prevalence of excess weight, DM, HT, and smoking were all 
higher in the hypertriglyceridemia group (200 mg/dL and higher) 
in another study (41). On the other hand, the greatest number 
of deteriorations in the metabolic parameters was observed just 
above the plasma TG value of 60 mg/dL in another study (42).

Increased BP may indicate that heart and blood vessels are 
being overworked. In most people with HT, increased peripheral 
vascular resistance accounts for HT while cardiac output remains 
normal (43). The increased total peripheral vascular resistance is 
mainly attributable to structural narrowing of small arteries and 
arterioles, although a reduction in the number of capillaries may 
also contribute (44). HT is rarely accompanied by symptoms in 
short-term. Symptoms attributed to HT may actually be related 
with associated anxiety rather than HT itself. However, HT 
may be the major risk factor for CHD, PAD, CRD, cirrhosis, 
COPD, stroke, and dementia-like end-organ insufficiencies in 
long-term. For instance, a reduction of the BP by 5 mmHg can 
decrease the risk of stroke by 34% and CHD by 21%, and reduce 
the likelihood of dementia, heart failure, and mortality from 
cardiovascular diseases (45). On the other hand, we cannot detect 
any absolute cause in the majority of patients with HT. Physical 
inactivity, sedentary lifestyle, animal-rich diet, excess weight, 
smoking, alcohol, chronic inflammations, prolonged infections, 
and cancers may be found among the possible triggering causes 
of HT.

As a conclusion, SCD induce severe and chronic inflammatory 
processes on vascular endothelium all over the body, and 
terminate with end-organ insufficiencies in early decades of life. 
Although the body weight, BMI, FPG, TC, LDL, HDL, systolic 
BP, and diastolic BP were significantly lower in the SCD patients, 
the body height may strongly be determined by heredity.
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ABSTRACT  

Background: Sickle cell diseases (SCD) are  
severe and chronic inflammatory processes on 
vascular endothelium terminating with acceler-
ated atherosclerosis induced end-organ failures in 
early years of life.

Methods: Consecutive patients with the SCD and 
control cases were studied.

Results: The study included 363 patients (169 fe-
males) and 255 age and gender-matched control 
cases (119 females). Mean ages of the patients 
were similar in males and females (31.1 versus 
31.0 years, respectively, p>0.05). The body weight 
and body mass index (BMI) were suppressed in 
the SCD patients, significantly (59.9 versus 71.5 
kg and 21.9 versus 25.6 kg/m2, respectively, p= 
0.000 for both). Parallel to the suppressed body 
weight, fasting plasma glucose (FPG) (92.8 ver-
sus 97.6 mg/dL, p= 0.005), total cholesterol (TC) 
(121.4 versus 165.0 mg/dL, p= 0.000), low den-
sity lipoproteins (LDL) (70.4 versus 102.4 mg/dL, 
p= 0.000), high density lipoproteins (HDL) (26.0 
versus 39.6 mg/dL, p= 0.000), systolic blood pres-
sures (BP) (115.2 versus 122.6 mmHg, p= 0.000), 
and diastolic BP (73.0 versus 86.6 mmHg, p= 
0.000) were all lower in the SCD patients, signifi-
cantly. Interestingly, only the triglycerides value 
was higher (129.4 versus 117.3 mg/dL, p= 0.000),  

 
 
 
and the alanine aminotransferase (ALT) value was 
not suppressed (27.4 versus 27.3 U/L, p>0.05) in 
the SCD patients.

Conclusion: Although the well-known indicator 
function of serum ALT values in the metabolic 
syndrome and the significantly suppressed mean 
weight, BMI, FPG, TC, LDL, HDL, and systolic 
and diastolic BP of the SCD patients, the nonsup-
pressed serum ALT values may show the precir-
rhotic characteristic of the SCD.

Key words: Sickle cell diseases, alanine ami-
notransferase, chronic endotelial damage, accel-
erated atherosclerosis, metabolic syndrome, body 
weight, cirrhosis
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Introduction

Chronic endothelial damage may be the major underlying cause 
of aging and death by causing end-organ insufficiencies in hu-
man beings (1, 2). Much higher blood pressures (BP) of the 
afferent vasculature may be the major accelerating factor by 
causing recurrent injuries on vascular endothelium all over the 
body. Probably, whole afferent vasculature including capillar-
ies are mainly involved in the process. Thus the term of veno-
sclerosis is not as famous as atherosclerosis in the literature. 
Due to the chronic endothelial damage, inflammation, edema, 
and fibrosis, vascular walls thicken, their lumens narrow, and 
they lose their elastic nature, all of which reduce blood supply 
to the terminal organs, and increase systolic BP further. Some 
of the well-known accelerating factors or indicators of the in-
flammatory process are physical inactivity, sedentary lifestyle, 
animal-rich diet, smoking, alcohol, overweight, hypertriglyc-
eridemia, dyslipidemia, impaired fasting glucose, impaired 
glucose tolerance, white coat hypertension, chronic inflamma-
tions, prolonged infections, and cancers for the development 
of terminal consequences including obesity, hypertension 
(HT), diabetes mellitus (DM), chronic obstructive pulmonary 
disease (COPD), coronary heart disease (CHD), chronic renal 
disease (CRD), cirrhosis, peripheric artery disease (PAD), me-
senteric ischemia, osteoporosis, stroke, dementia, other end-
organ insufficiencies, aging, and death (3, 4). Although early 
withdrawal of the accelerating factors can delay terminal con-
sequences, after development of HT, DM, COPD, CHD, CRD, 
cirrhosis, PAD, mesenteric ischemia, osteoporosis, stroke, de-
mentia, other end-organ insufficiencies, and aging, endothelial 
changes can not be reversed completely due to their fibrotic 
natures. The accelerating factors and terminal consequences 
are researched under the titles of metabolic syndrome, aging 
syndrome, or accelerated endothelial damage syndrome in 
the literature, extensively (5, 6). Although their normal limits 
could not be determined clearly yet, high plasma triglycerides 
(TG) may be significant indicators of the metabolic syndrome 
(7). Due to the significant association between high plasma TG 
and CHD, Adult Treatment Panel (ATP) III adopts lower cut-
points for TG abnormalities than did ATP II (8, 9). Although 
ATP II determined the normal upper limit of TG as 200 mg/dL 
in 1994, World Health Organisation in 1999 (10) and ATP III 
in 2001 reduced the normal upper limit as 150 mg/dL (9). Al-
though these cutpoints are usually used to define borders of the 
metabolic syndrome, there are suspicions about the safest up-
per limit of the TG in the plasma. Similarly, there may also be 
some hepatic consequences of the metabolic syndrome. Nonal-
coholic fatty liver disease (NAFLD) is a term used to define a 
spectrum of disorders characterized by macrovesicular steato-
sis which occurs in the absence of consumption of alcohol in 
amounts considered to be harmful to the liver. Since the chance 
of NAFLD is directly proportional to body weight, and there 
is a high prevalence of excess weight in society, NAFLD is 
also becoming an important health problem all over the world. 
According to the literature, sustained liver injury will lead to 
progressive fibrosis terminating with cirrhosis up to 25% of af-
fected individuals (11). On the other hand, sickle cell diseases 
(SCD) are severe and chronic inflammatory process on vas-
cular endothelium terminating with accelerated atherosclero-
sis induced end-organ failures in early years of life (12, 13). 
Hemoglobin S (Hb S) causes loss of elastic and biconcave disc 

shaped structures of red blood cells (RBC). Probably loss of 
elasticity instead of shape is the main problem because sick-
ling is rare in peripheric blood samples of patients with associ-
ated thalassemia minors, and human survival is not affected 
in hereditary spherocytosis or elliptocytosis. Loss of elasticity 
is present in whole life, but exaggerated with inflammation, 
infections, and various stresses of the body. The hard RBC in-
duced chronic endothelial damage, inflammation, edema, and 
fibrosis terminate with disseminated tissue hypoxia all over 
the body (14, 15). As a difference from other causes of chronic 
endothelial damage, the SCD may keep vascular endothelium 
particularly at the capillary level (16), because the capillary 
system is the main distributor of the hard cells into the tissues. 
The hard RBC induced chronic endothelial damage builds up 
an advanced atherosclerosis in early years of life. Vascular nar-
rowing and occlusions induced tissue ischemia and infarctions 
are the final consequences, and the mean life expectancy is de-
creased up to 30 years or more in the SCD (17).

Material and Methods

The study was performed in the Medical Faculty of the Musta-
fa Kemal University on consecutive patients with the SCD and 
routine check up cases between March 2007 and June 2016. 
The SCD are diagnosed with the hemoglobin electrophoresis 
performed via high performance liquid chromatography. Medi-
cal histories of the SCD patients were learnt, and a complete 
physical examination was performed. Body mass index (BMI) 
of each case was calculated by the measurements of the same 
internist instead of the verbal expressions. Weight in kilogram 
is divided by height in meter squared (9). Systolic and diastolic 
BP were checked after a 5-minute rest in seated position by us-
ing the mercury sphygmomanometer (ERKA, Germany), and 
no smoking was permitted during the previous 2-hours. Cases 
with acute painful crisis or any other inflammatory event were 
treated at first, and the laboratory tests and clinical measure-
ments were performed on the silent phase. A check up proce-
dure including fasting plasma glucose (FPG), total cholesterol 
(TC), high density lipoproteins (HDL), TG, serum creatinine, 
alanine aminotransferase (ALT), markers of hepatitis viruses 
A, B, C and human immunodeficiency virus, a posterior-an-
terior chest x-ray film, and an electrocardiogram was per-
formed. Eventually, the mean weight, height, BMI, FPG, TC, 
low density lipoproteins (LDL), HDL, TG, ALT, and systolic 
and diastolic BP were detected in each group, and compared in 
between. Mann-Whitney U Test, Independent-Samples t Test, 
and comparison of proportions were used as the methods of 
statistical analyses.
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Results

The study included 363 patients with the SCD (169 females) and 
255 control cases (119 females). Mean ages of the SCD patients 
were similar in males and females (31.1 versus 31.0 years, respec-
tively, p>0.05). Although the mean weight and BMI were sup-
pressed in the SCD patients, significantly (59.9 versus 71.5 kg 
and 21.9 versus 25.6 kg/m2, respectively, p= 0.000 for both), the 
mean heights were similar in both groups (164.9 versus 167.0 cm, 

p>0.05). Parallel to the suppressed mean body weight, FPG (92.8 
versus 97.6 mg/dL, p= 0.005), TC (121.4 versus 165.0 mg/dL, p= 
0.000), LDL (70.4 versus 102.4 mg/dL, p= 0.000), HDL (26.0 ver-
sus 39.6 mg/dL, p= 0.000), systolic BP (115.2 versus 122.6 mmHg, 
p= 0.000), and diastolic BP (73.0 versus 86.6 mmHg, p= 0.000) 
were all lower in the SCD patients, significantly. Interestingly, 
only the serum TG value was higher in the SCD patients (129.4 
versus 117.3 mg/dL, p= 0.000), significantly. Similarly, the mean 
ALT value was not suppressed in the SCD patients, too (27.4 ver-
sus 27.3 U/L, respectively, p>0.05) (Table 1).
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Table 1: Characteristic features of the study cases

*Sickle cell diseases   †Nonsignificant (p>0.05)   ‡Body mass index   §Fasting plasma glucose   ║Total cholesterol   
¶Low density lipoproteins   **High density lipoproteins   ***Triglycerides   ****Alanine aminotransferase   *****Blood pressures
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Discussion

SCD affect all vascular organ systems of the body (18, 19). 
Aplastic crises, sequestration crises, hemolytic crises, acute 
chest syndrome, avascular necrosis of the femoral and humeral 
heads, priapism and infarction of the penis, osteomyelitis, acute 
papillary necrosis of the kidneys, CRD, occlusions of retinal 
arteries and blindness, pulmonary HT, bone marrow necro-
sis induced dactilitis in children, chronic punched-out ulcers 
around ankles, hemiplegia, and cranial nerve palsies are only 
some of the several presentation types of the SCD. Eventually, 
the median ages of death were 42 years in males and 48 years 
in females in the literature (17). Delayed diagnosis, delayed ini-
tiation of hydroxyurea therapy, and inadequate RBC supports 
during emergencies may decrease the expected survival time 
in the SCD patients further (20). Actually, RBC supports must 
be given immediately during all medical or surgical proce-
dures in which there is an evidence of clinical deterioration in 
the SCD (21). RBC supports decrease sickle cell concentration 
in the circulation and suppress bone marrow for the production 
of abnormal RBC. So it decreases sickling induced endothelial 
damage and inflammation all over the body. Due to the great 
variety of clinical presentation types, it is not surprising to see 
that the mean body weight and BMI were significantly sup-
pressed in patients with the SCD in the present study. On the 
other hand, as an opposite finding to some other reports (22, 
23), the body heights were similar in patients with the SCD 
and control cases, here. Probably due to the significantly sup-
pressed mean body weight and BMI, mean values of the FPG, 
TC, LDL, HDL, systolic BP, and diastolic BP were also lower 
in patients with the SCD, which can be explained by definition 
of the metabolic syndrome (24, 25).

Cholesterol, TG, and phospholipids are the major lipids of 
the body. Cholesterol is an essential structural component of 
animal cell membrane, bile acids, adrenal and gonadal steroid 
hormones, and vitamin D. TG are fatty acid esters of glycerol, 
and they are the major lipids transported in the blood. Addi-
tionally, the bulk of fat tissue deposited all over the body is 
in the form of TG. Similarly, phospholipids are TG that are 
covalently bound to a phosphate group. Phospholipids regulate 
membrane permeability, provide signal transmission across the 
membranes, act as detergents, help in solubilization of choles-
terol, and remove cholesterol from the body. Cholesterol, TG, 
and phospholipids do not circulate freely in the plasma instead 
they are bound to proteins, and transported as lipoproteins. 
There are five major classes of lipoproteins including chy-
lomicrons, very low density lipoproteins (VLDL), intermedi-
ate density lipoproteins (IDL), LDL, and HDL in the plasma. 
Chylomicrons carry exogenous TG from the intestine to the 
liver via the thoracic duct. VLDL are produced in the liver, and 
carry endogenous TG from the liver to the peripheral organs. 
In the capillaries of adipose and muscle tissues, 90% of TG is 
removed by a specific group of lipases. So VLDL are converted 
into IDL by removal of TG. Then IDL are degraded into LDL 
by removal of more TG. So VLDL are the main sources of LDL 
in the plasma. LDL deliver cholesterol from the liver to other 
parts of the body. Although the liver removes the majority of 
LDL from the circulation, a small amount is uptaken by scav-
enger receptors on macrophages those may migrate into arte-

rial walls and become the foam cells of atherosclerotic plaques. 
HDL remove fats and cholesterol from cells, including within 
arterial wall atheroma, and carry the cholesterol back to the 
liver and steroidogenic organs including adrenals, ovaries, and 
testes for excretion, reutilization, or disposal. All of the carrier 
lipoproteins in the plasma are under dynamic control, and are 
readily affected by diet, illness, drug, body weight, and BMI. 
Thus lipid analysis should be performed during a steady state. 
But the metabolic syndrome alone is a low-grade inflammatory 
process on vascular endothelium all over the body. Thus the 
metabolic syndrome alone may be a cause of abnormal lipo-
proteins levels in the plasma. On the other hand, although HDL 
are commonly called ‘the good cholesterol’ due to their roles in 
removing excess cholesterol from the blood, and protecting the 
arterial walls against atherosclerosis (26), recent studies did not 
show similar results, and low plasma HDL levels should alert 
clinicians to searching for additional systemic pathologies (27, 
28). Normally, HDL show various anti-atherogenic properties 
including reverse cholesterol transport and anti-oxidative and 
anti-inflammatory properties (28). However, HDL may become 
‘dysfunctional’ in pathological conditions which means that 
relative compositions of lipids and proteins, as well as the en-
zymatic activities of HDL are altered (27). For instance, prop-
erties of HDL are compromised in patients with DM due to the 
oxidative modification and glycation as well as the transforma-
tion of HDL proteomes into proinflammatory proteins. Addi-
tionally, the highly effective agents for increasing HDL levels 
such as niacin, fibrates, and cholesteryl ester transfer protein 
inhibitors did not reduce all cause mortality, CHD mortality, 
myocardial infarction, or stroke (29). While higher HDL levels 
are correlated with cardiovascular health, medications used to 
increase HDL did not improve the health (29). In other words, 
while high HDL levels may correlate with better cardiovascu-
lar health, specifically increasing one’s HDL values may not 
increase cardiovascular health (29). So they may actually be 
some indicators instead of being the main actors of the process. 
Beside that HDL particles bearing apolipoprotein C3 are asso-
ciated with increased risk of CHD (30). Similarly, BMI, FPG, 
DM, and CHD were the lowest between the HDL values of 40 
and 46 mg/dL, and the prevalence DM was only 3.1% between 
these values against 22.2% of outside of these limits (31). In an-
other definition, the moderate HDL values may also be results 
instead of being the causes of better health conditions.

Probably excess weight may be the most common cause of 
vasculitis, worldwide, and the leading cause of major health 
problems in this century. It leads to structural and functional 
abnormalities in many organ systems of the body (32). Adipose 
tissue produces leptin, tumor necrosis factor-alpha, plasmino-
gen activator inhibitor-1, and adiponectin-like cytokines; all of 
those behave as acute phase reactants in the plasma (33). Excess 
weight induced chronic low-grade vascular endothelial inflam-
mation may play a significant role in the pathophysiology of 
accelerated atherosclerosis all over the body (1, 2). For exam-
ple, NAFLD may be considered as the common hepatic com-
ponent of the metabolic syndrome since hepatic fat is highly 
correlated with all components the syndrome (34). NAFLD af-
fects up to one third of the world population, and it became the 
most common cause of chronic liver disease even in children 
and adolescents at the moment (35, 36). The recent increase 
in the prevalence of excess weight likely explains the NAFLD 



M I D D L E E A S T J O U R N A L O F I N T ER N A L M ED I CI N E  •   VO LU M E 2 ,  I SSU E 3��
MIDDLE EAST JOURNAL OF INTERNAL MEDICINE VOLUME 12 SUPPLEMENT

epidemic, worldwide (37). There are two histologic patterns of 
NAFLD including fatty liver alone and nonalcoholic steatohep-
atitis (NASH). NASH represents a shift from simple steatosis 
to an inflammatory component. Excess weight may be the main 
exacerbating factor of hepatic inflammation and fibrogenesis in 
NASH. NAFLD may cause hepatic inflammation and cellular 
injury especially at the endothelial level. Beside terminating 
with steatohepatitis, cirrhosis, hepatocellular carcinoma, or he-
patic failure, NAFLD is associated with a significantly greater 
overall mortality as well as with an increased prevalence of 
cardiovascular diseases (36). Authors reported independent as-
sociations between NAFLD and impaired flow-mediated va-
sodilation and increased carotid artery intimal medial thick-
ness as the reliable markers of subclinical atherosclerosis (36), 
so NAFLD may also be a predictor of cardiovascular disease 
(38, 39). On the other hand, excess weight may cause an in-
creased blood volume as well as an increased cardiac output 
thought to be the result of an increased oxygen need of the ex-
cessive fat tissue. The prolonged increase in the blood volume 
may lead to myocardial hypertrophy, terminating with a de-
creased cardiac compliance. Similar to the present study, FPG 
and TC increased parallel to the increased BMI (40). Combi-
nation of these cardiovascular risk factors will eventually ter-
minate with  increased left ventricular stroke work and higher 
risks of arrhythmias, cardiac failure, and sudden death. Addi-
tionally, the prevalence of CHD and stroke increased parallel to 
the increased BMI in another study (41), and risk of death from 
all causes including cancers increased throughout the range of 
moderate to severe excess weight in all age groups (42). Simi-
larly, prevalences of smoking (42.2% versus 28.4%, p<0.01), 
excess weight (83.6% versus 70.6%, p<0.01), DM (16.3% versus 
10.3%, p<0.05), and HT (23.2% versus 11.2%, p<0.001) were 
all higher in the hypertriglyceridemia group in another study 
(43). On the other hand, the prevalence of hyperbetalipopro-
teinemia were similar both in the hypertriglyceridemia (200 
mg/dL and higher) and control groups (18.9% versus 16.3%, 
p>0.05, respectively) in the above study (43). Similarly, plasma 
LDL values increased just up to the plasma TG value of 200 
mg/dL but no more in another study (44). Beside that, the mean 
BMI values increased just up to the plasma TG value of 150 
mg/dL, significantly (p<0.05 for each step) (44). On the other 
hand, the greatest number of deteriorations in the metabolic 
parameters was observed just above the plasma TG value of 
60 mg/dL (44). According to our opinion, overweight, obesity, 
severe obesity, and morbid obesity histories of years should be 
added into the calendar age during calculation of physiological 
age of the individuals.

Although the obvious consequences of excess weight on health, 
nearly three-quarters of cases above the age of 30 years have 
excess weight (45). The prevalence of excess weight increases 
by decades, particularly after the third decade, up to the eighth 
decade of life (45). So 30th and 70th years of age may be the 
breaking points of life for body weight, and aging may be the 
major determining factor of excess weight. Relatively decreased 
physical and mental stresses after the age of 30 years, and de-
bility and comorbid disorders induced restrictions after the age 
of 70 years may be the major causes for the changes of BMI 
at these ages. Interestingly, the mean age and BMI increased 
just up to the plasma TG values of 200 mg/dL and 150 mg/dL 
in the above study, respectively (44). So smoking remained as 

the major underlying factor for the hypertriglyceridemia above 
the plasma TG value of 200 mg/dL. Beside that, the mean BMI 
values were 24.6, 27.1, 29.4, 29.9, and 30.0 kg/m2 in the five 
study groups, respectively (44). In other words, only cases with 
the plasma TG values lower than 60 mg/dL had a normal mean 
BMI value (44). On the other hand, the mean age and TG value 
of the first group were 35.6 years and 51.0 mg/dL, respectively 
(44). They were 43.6 years and 78.3 mg/dL in the second, 47.7 
years and 122.2 mg/dL in the third, and 51.2 years and 174.1 
mg/dL in the fourth groups, respectively (44). In another defi-
nition, TG values increased about 7.8 mg/dL for each year of 
aging up to 200 mg/dL in the plasma (44). So aging alone may 
be another risk factor for chronic low-grade inflammation on 
vascular endothelium all over the body.

Although ATP III reduced the normal upper limit of plasma 
TG as 150 mg/dL in 2001 (9), whether or not much lower limits 
provide some additional benefits for the human body remains 
unclear (46). Similar to the recent study (47), prevalence of 
smoking was the highest in the group with the highest TG val-
ues in the above study (44) that may also indicate inflamma-
tory role of smoking on vascular endothelium in the metabolic 
syndrome, since TG may behave as acute phase reactants in 
the plasma. BMI, FPG, HT, DM, COPD, and CRD increased 
parallel to the increased plasma TG values from the first up to 
the fifth groups, gradually (44). In our opinion, significantly 
increased mean age by the increased plasma TG values may 
be secondary to aging induced decreased physical and mental 
stresses, which eventually terminate with excess weight and its 
consequences. Interestingly, although the mean age increased 
from the group with the lowest TG values up to the group with 
TG value of 200 mg/dL, it then decreased (44). The similar 
trend was also seen with the mean LDL values (44). These 
trends may be due to the fact that although the borderline high 
TG values (150-199 mg/dL) is seen together with physical inac-
tivity and overweight, the high TG (200-499 mg/dL) and very 
high TG values (500 mg/dL or higher) may be secondary to ge-
netic factors, smoking, and terminal consequences of the meta-
bolic syndrome including obesity, DM, HT, COPD, cirrhosis, 
CRD, PAD, CHD, and stroke (9). But although the underlying 
causes of the high and very high plasma TG values may be a 
little bit different, probably risks of the terminal endpoints of 
the metabolic syndrome do not change in them. For example, 
prevalence of HT, DM, and COPD were the highest in the group 
with the highest TG values in the above study (44). Eventually, 
although some authors reported that lipid assessment can be 
simplified by measurements of TC alone (48), the present study 
and most of the others indicated a causal relationship between 
higher TG values and irreversible end-points of the metabolic 
syndrome (49).

As a conclusion, although the well-known indicator function 
of serum ALT values in the metabolic syndrome and the sig-
nificantly suppressed mean body weight, BMI, FPG, TC, LDL, 
HDL, and systolic and diastolic BP of the SCD patients, the 
nonsuppressed serum ALT values may show the precirrhotic 
characteristic of the SCD.

O R I G I N A L CO N T R I B U T I O N
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ABSTRACT  
Background: There may be some signals of death 
in sickle cell diseases (SCD).

Methods: All patients with the SCD were studied 
between March 2007 and June 2016.

Results: The study included 441 patients (226 
males). There were 31 death cases during the ten-
year follow up period (14 females with a mean 
age of 33.3 (19-47) and 17 males with a mean age 
of 30.2 (19-50) years, p>0.05). The mean age of 
alive patients was 30.7 (5-59) years. Although the 
mean age of death cases was higher (31.6 versus 
30.7 years), the difference was nonsignificant 
probably due to the small number of dead patients 
(p>0.05). Similarly, although the mean body mass 
index (BMI) of dead patients was lower (20.6 ver-
sus 21.7 kg/m2), the difference was nonsignificant 
probably due to the same reason again (p>0.05). 
On the other hand, total bilirubin level of the plas-
ma was significantly higher in the death cases (9.0 
versus 4.4 mg/dL, p= 0.001). Whereas although 
transfused units of red blood cells (RBC) in their 
lives were higher in the death cases (67.7 versus 
36.7 units), the difference was nonsignificant 
probably due to the same reason again (p>0.05).

 
 

Conclusion: SCD are severe inflammatory  
processes on vascular endothelium particularly at 
the capillary level, and terminate with an accel-
erated atherosclerosis induced end-organ insuffi-
ciencies in early years of life. Higher age, lower 
BMI, increased total bilirubin level of the plasma, 
and higher number of transfused RBC units in 
their lives may be some of the signals of death in 
the SCD. 

Key words: Sickle cell diseases, chronic endothe-
lial damage, accelerated atherosclerosis, end-or-
gan insufficiency, metabolic syndrome, early ag-
ing, premature death
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Introduction

Chronic endothelial damage may be the major underlying cause 
of aging and death by causing end-organ insufficiencies in hu-
man beings (1, 2). Much higher blood pressures (BP) of the 
afferent vasculature may be the major accelerating factor by 
causing recurrent injuries on vascular endothelium all over the 
body. Probably, whole afferent vasculature including capillar-
ies are mainly involved in the process. Thus the term of veno-
sclerosis is not as famous as atherosclerosis in the literature. 
Due to the chronic endothelial damage, inflammation, edema, 
and fibrosis, vascular walls thicken, their lumens narrow, and 
they lose their elastic nature, all of which reduces blood supply 
to the terminal organs, and increases systolic BP further. Some 
of the well-known accelerating factors or indicators of the in-
flammatory process are physical inactivity, sedentary lifestyle, 
animal-rich diet, smoking, alcohol, overweight, hypertriglyc-
eridemia, dyslipidemia, impaired fasting glucose, impaired 
glucose tolerance, white coat hypertension, chronic inflamma-
tions, prolonged infections, and cancers for the development of 
terminal consequences including obesity, hypertension (HT), 
diabetes mellitus (DM), chronic obstructive pulmonary disease 
(COPD), coronary heart disease (CHD), chronic renal disease 
(CRD), cirrhosis, peripheric artery disease (PAD), mesenteric 
ischemia, osteoporosis, stroke, dementia, other end-organ in-
sufficiencies, early aging, and premature death (3, 4). Although 
early withdrawal of the accelerating factors can delay terminal 
consequences, after development of HT, DM, COPD, CHD, 
CRD, cirrhosis, PAD, mesenteric ischemia, osteoporosis, 
stroke, dementia, other end-organ insufficiencies, and aging, 
endothelial changes cannot be reversed completely due to their 
fibrotic nature. The accelerating factors and terminal conse-
quences are researched under the titles of metabolic syndrome, 
aging syndrome, or accelerated endothelial damage syndrome 
in the literature, extensively (5, 6). Similarly, sickle cell dis-
eases (SCD) are severe inflammatory processes on vascular 
endothelium, particularly at the capillary level, and terminate 
with accelerated atherosclerosis induced end-organ insuffien-
cies in early years of life. We tried to understand whether or not 
there are some signals of death in the SCD.

Materials and Methods

The study was performed in the Medical Faculty of the Mustafa 
Kemal University between March 2007 and June 2016. All pa-
tients with the SCD were included into the study. The SCD are 
diagnosed with the hemoglobin electrophoresis performed via 
high performance liquid chromatography. Medical histories in-
cluding transfused units of red blood cells (RBC) in their lives 
were learnt. A complete physical examination was performed 
by the same internist. Body weight and height were measured, 
and body mass index (BMI) of each case was calculated by 
the Same Physician instead of verbal expressions. Weight in 
kilograms is divided by height in meters squared (7). Check up 
procedures including total bilirubin level of the plasma were 
performed. Eventually, total number of death cases during 
the ten-year follow up period was detected, and the mean age, 
BMI, total bilirubin level of the plasma, and transfused units of 
RBC in their lives were compared between the alive and dead 
patients. Mann-Whitney U and Independent-Samples t tests 
were used as the methods of statistical analyses.

Results

The study included 441 patients with the SCD (226 males and 
215 females). There were 31 death cases during the ten-year 
follow up period (14 females with a mean age of 33.3 ± 9.2 (19-
47) and 17 males with a mean age of 30.2 ± 8.4 (19-50) years, 
p>0.05). The mean age of alive patients was 30.7 ± 10.0 (5-59) 
years. Although the mean age of death cases was higher (31.6 
versus 30.7 years), the difference was nonsignificant probably 
due to the small number of dead patients (p>0.05). Similarly, 
although the mean BMI of death cases was lower (20.6 versus 
21.7 kg/m2), the difference was nonsignificant probably due to 
the small number of dead patients again (p>0.05). On the other 
hand, total bilirubin level of the plasma was significantly high-
er in the death cases (9.0 versus 4.4 mg/dL, p= 0.001). Whereas 
although the transfused units of RBC in their lives were higher 
in the death patients (67.7 versus 36.7 units), the difference was 
nonsignificant probably due to the same cause again (p>0.05) 
(Table 1).

Table 1: Characteristic features of the study patients

*Sickle cell diseases   †Nonsignificant (p>0.05)   ‡Body mass index   §Red blood cells

MIDDLE EAST JOURNAL OF INTERNAL MEDICINE VOLUME 12 SUPPLEMENT



M I D D L E E A S T J O U R N A L O F I N T ER N A L M ED I CI N E  •   VO LU M E 2 ,  I SSU E 3 ��

O R I G I N A L CO N T R I B U T I O N

Discussion

SCD are chronic inflammatory processes on vascular endothe-
lium terminating with accelerated atherosclerosis induced end-
organ insufficiencies and shortened survivals in both genders 
(8, 9). Hemoglobin S (HbS) causes loss of elastic and bicon-
cave disc shaped structures of RBC. Probably loss of elasticity 
instead of shape is the main pathology since sickling is rare 
in peripheric blood samples of the SCD patients with associ-
ated thalassemia minors, and human survival is not affected 
in hereditary spherocytosis or elliptocytosis. Loss of elastic-
ity is present during whole lifespan, but exaggerated with in-
flammations, infections, and various stresses of the body. The 
hard RBC induced chronic endothelial damage, inflammation, 
edema, and fibrosis terminate with disseminated tissue hypoxia 
all over the body (10, 11). As a difference from other causes 
of chronic endothelial damage, the SCD may keep vascular 
endothelium particularly at the capillary level (12), since the 
capillary system is the main distributor of the hard cells into 
the tissues. The hard cells induced chronic endothelial damage 
builds up an advanced atherosclerosis in younger ages of the 
patients. As a result, mean lifespans of the patients were 48 and 
42 years in females and males in the literature (13), whereas 
they were 33.3 and 30.2 years in the present study, respectively. 
The great differences may be secondary to delayed diagno-
sis, delayed initiation of hydroxyurea therapy, and inadequate 
RBC supports during emergencies in Turkey (14). Actually, 
RBC supports must be given immediately during all medical 
or surgical events in which there is evidence of clinical dete-
rioration in the SCD (15). RBC supports decrease sickle cell 
concentration in circulation and suppress bone marrow about 
the production of abnormal RBC. So it decreases sickling-in-
duced endothelial damage, inflammation, and edema all over 
the body. The higher number of transfused RBC units in the 
death cases in the present study may show the severity of the 
SCD in such cases.

Digital clubbing is characterized by increased normal angle of 
165° between nailbed and fold, increased convexity of the nail 
fold, and thickening of the whole distal finger (16). The exact 
cause and significance is unknown but chronic tissue hypoxia 
is highly suspected (17). In the previous study, only 40% of 
clubbing cases turned out to have significant underlying diseas-
es while 60% remained well over the subsequent years (18). But 
according to our experiences, digital clubbing is frequently as-
sociated with smoking and pulmonary, cardiac, or hepatic dis-
orders those are characterized with chronic tissue hypoxia (5). 
As an explanation for that hypothesis, lungs, heart, and liver 
are closely related organs those affect their functions in a short 
period of time. On the other hand, digital clubbing is also com-
mon in patients with the SCD and its prevalences were 14.0% 
versus 6.2% in males and females in a previous study, respec-
tively (19). It probably shows chronic tissue hypoxia caused by 
disseminated endothelial damage, inflammation, and edema at 
the capillary level in the SCD. Beside the effects of SCD, the 
higher prevalences of smoking, COPD, and clubbing in males 
(p<0.001 for all) may also show some additional roles of smok-
ing, COPD, and male sex on clubbing (20).

Leg ulcers are seen in up to 20% of patients with the SCD (21), 
and the ratios were 20.0% versus 7.2% in males and females in 
the above study, respectively (19). Its incidence increases with 
age, male sex, and HbSS genotype (22). Similarly, its ratio was 
higher in males (19.8% versus 7.0%, p<0.001), and mean age 
of the patients with leg ulcers was significantly higher than the 
others (35.3 versus 29.8 years, p<0.000) in the above study (20). 
The leg ulcers have an intractable nature, and around 97% of 
healed ulcers relapse in a period of one year (21). As an evidence 
of their atherosclerotic nature, the leg ulcers occur in distal ar-
eas with less collateral blood flow in the body (21). The hard 
RBC induced chronic endothelial damage, inflammation, and 
edema at the capillary level may be the major cause in the SCD 
(22). Prolonged exposure to the hard bodies due to the grav-
ity-induced pooling of blood in the lower extremities may also 
explain the leg but not arm ulcers in the SCD. The hard RBC 
induced venous insufficiencies may also accelerate the process 
by pooling of causative hard bodies in the legs, and vice versa. 
Pooling of blood in the lower extremities may have some ef-
fects on development of venous ulcers, diabetic ulcers, Buerg-
er’s disease, digital clubbing, and onychomycosis, too. Pooling 
of blood in the lower extremities may also have some effects 
on the delayed wound and bone fracture healings in the lower 
extremities. Beside the hard bodies, smoking and alcohol may 
also have some additional effects on the leg ulcers since both 
of them are more common in males (20). Hydroxyurea is the 
main drug that was approved by Food and Drug Administration 
for the treatment of SCD (12). It is an oral, cheap, safe, and ef-
fective drug that blocks cell division by suppressing formation 
of deoxyribonucleotides which are the building blocks of DNA 
(14). Its main action may be suppression of hyperproliferative 
white blood cells (WBC) and platelets (PLT) in the SCD (23). 
Although presence of continuous damage of hard cells on en-
dothelium, severity of the destructive process is probably exag-
gerated by the patients’ own immune systems. Similarly, lower 
WBC counts were associated with lower crises rates, and if a 
tissue infarct occurs, lower WBC counts may decrease severity 
of pain and tissue damage (24). According to our ten-year ex-
periences, prolonged resolution of leg ulcers with hydroxyurea 
therapy suggests that the increased WBC and PLT counts in-
duced prolonged endothelial damage, inflammation, and edema 
at the capillary level may have significant effects in the devel-
opment of leg ulcers in the SCD.

Varices are abnormally dilated veins with tortuous courses, 
and they usually occur in the lower extremities. Related factors 
include pregnancy, obesity, menopause, aging, and heredity. In 
other words, varices are more common in females and meta-
bolic syndrome. Normally, leg muscles pump veins to return 
blood 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 telangiectasias develop. 
Deep vein thrombosis (DVT) may also cause varicose veins. 
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. Although the relatively younger mean ages 
of the patients (30.8 and 30.3 years of males and females, re-
spectively) and significantly lower mean BMI of the SCD cases 
in the literature (11), DVT and/or varices and/or telangiecta-
sias of the lower limbs were higher among the study cases  
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(9.0% versus 6.6% in males and females, p>0.05, respectively) 
indicating an additional venous involvement in the SCD (20).

Both frequency and complications of cirrhosis are increasing 
in the world. For example, it was the 10th leading cause of 
death for men and the 12th for women in the United States in 
2001 (6). Although the improvements of health services world-
wide, the increased morbidity and mortality of cirrhosis may 
be explained by aging of the human being and increased preva-
lence of excess weight all over the world. For example, non-
alcoholic fatty liver disease (NAFLD) affects up to one third 
of the world population, and it has become the most common 
cause of chronic liver disease even in children and adolescents 
nowadays (25, 26). NAFLD is a marker of pathological fat dep-
osition combined with a low-grade chronic inflammation that 
results with hypercoagulability, endothelial dysfunction, and 
an accelerated atherosclerotic process (25). Beside terminating 
with cirrhosis, NAFLD is associated with higher overall mor-
tality rates as well as with increased prevalence of cardiovas-
cular diseases (26). Authors reported independent associations 
between NAFLD and impaired flow-mediated vasodilation and 
increased mean carotid artery intima-media thickness (CIMT) 
(26, 27). NAFLD and cirrhosis may actually be considered 
as the hepatic consequences of the metabolic syndrome (28). 
Smoking may also take a role in the endothelial inflammatory 
process of the liver since the systemic inflammatory effects of 
smoking on endothelial cells is well-known with the COPD and 
Buerger’s disease (29). Increased oxidative stresses, inactiva-
tion of antiproteases, and release of proinflammatory media-
tors may terminate with a systemic atherosclerosis in smokers. 
The atherosclerotic effects of alcohol is much more prominent 
in hepatic endothelium probably due to the highest concentra-
tions of its metabolites in the liver. Similarly, aging alone may 
be another cause of systemic atherosclerosis that prevents ad-
equate tissue oxygenation. Chronic infectious or inflammatory 
processes such as the SCD may also terminate with an acceler-
ated atherosclerosis all over the body (30), for example, chronic 
HCV infection raised CIMT (30). As a result, beside COPD, 
ileus, leg ulcers, digital clubbing, CHD, CRD, and stroke, cir-
rhosis may also be one of the several consequences of the SCD 
and metabolic syndrome in the human body.

Excess weight induced chronic low-grade vascular endothelial 
inflammation may play a significant role in the pathophysiol-
ogy of disseminated atherosclerosis in whole body (1, 2). Prob-
ably excess weight may be the most common cause of vasculi-
tis, worldwide, and the leading cause of major health problems 
in this century. It leads to both structural and functional ab-
normalities in many organ systems of the body (31). Adipose 
tissue produces leptin, tumor necrosis factor-alpha, plasmino-
gen activator inhibitor-1, and adiponectin-like cytokines, all of 
those behave as acute phase reactants in the plasma (32). On 
the other hand, excess weight may cause an increased blood 
volume as well as an increased cardiac output thought to be 
the result of an increased oxygen need of the excessive fat tis-
sue. The prolonged increase in the blood volume may lead to 
myocardial hypertrophy, terminating with a decreased cardiac 
compliance. Additionally, fasting plasma glucose and total cho-
lesterol values increased parallel to the increased BMI values 
in another study (33). Combination of these cardiovascular risk 
factors will eventually terminate with an increased left ven-

tricular stroke work and higher risks of arrhythmias, cardiac 
failure, and sudden death. Similarly, the prevalence of CHD 
and stroke increased parallel to the increased BMI in another 
study (34), and risk of death from all causes including cancers 
increased throughout the range of moderate to severe excess 
weight in all age groups (35). The relationships between excess 
weight, increased BP, and higher plasma triglycerides (TG) 
were shown in the metabolic syndrome, extensively (36). For 
example, prevalence of smoking (42.2% versus 28.4%, p<0.01), 
excess weight (83.6% versus 70.6%, p<0.01), DM (16.3% ver-
sus 10.3%, p<0.05), and HT (23.2% versus 11.2%, p<0.001) 
were all higher in the hypertriglyceridemia group in another 
study (37). On the other hand, the prevalence of hyperbetalipo-
proteinemia was similar both in the hypertriglyceridemia (200 
mg/dL and higher) and control groups (18.9% versus 16.3%, 
p>0.05, respectively) in the above study (37). Similarly, plasma 
low density lipoproteins increased just up to the plasma TG 
value of 200 mg/dL but no more in another study (38). Beside 
that, the mean BMI values increased just up to the plasma TG 
value of 150 mg/dL, significantly (p<0.05 for each step) (38). 
On the other hand, the greatest number of deteriorations in the 
metabolic parameters was observed just above the plasma TG 
value of 60 mg/dL in the above study (38). On the other hand, 
nearly three-quarters of cases above the age of 30 years have 
excess weight (39). The prevalence of excess weight increas-
es by decades, particularly after the third decade, up to the 
eighth decade of life (39). So 30th and 70th years of age may be 
the breaking points of life for body weight, and aging may be 
the major determining factor of excess weight. Relatively de-
creased physical and mental stresses after the age of 30 years, 
and debility and comorbid disorders induced restrictions after 
the age of 70 years may be the major causes for the changes of 
BMI at these ages. On the other hand, we detected a signifi-
cantly retarded mean body weight and BMI in the SCD in the 
above study (11), and although the relatively higher mean age, 
the lower mean BMI of death cases is probably due to the ad-
vanced SCD-induced cachexia in the present study.

As a conclusion, SCD are severe inflammatory processes on 
vascular endothelium particularly at the capillary level, and 
terminate with accelerated atherosclerosis induced end-organ 
insufficiencies in early years of life. Higher age, lower BMI, in-
creased total bilirubin level of the plasma, and higher number 
of transfused RBC units in their lives may be some of the sig-
nals of death in the SCD.
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ABSTRACT 
Background: Deaths may not be sudden unex-
pected events in sickle cell diseases (SCD).

Methods: All patients with the SCD were studied 
between March 2007 and June 2016.

Results: The study included 441 patients (215 fe-
males). There were 31 death cases during the ten-
year follow up period (14 females with a mean 
age of 33.3 (19-47) and 17 males with a mean age 
of 30.2 (19-50) years, p>0.05). Although the mean 
age of death cases was higher (31.6 versus 30.7 
years), the difference was nonsignificant probably 
due to the small number of dead patients (p>0.05). 
Similarly, although the mean body mass index 
(BMI) of dead patients was lower (20.6 versus 21.7 
kg/m2), the difference was nonsignificant proba-
bly due to the same reason again (p>0.05). On the 
other hand, total bilirubin value of the plasma was 
significantly higher in the death cases (9.0 versus 
4.4 mg/dL, p= 0.001). Whereas although trans-
fused units of red blood cells (RBC) in their lives 
were higher in the death cases (67.7 versus 36.7 
units), the difference was nonsignificant probably 
due to the same reason again (p>0.05).

  
 
Conclusion: SCD are severe inflammatory proc-
esses on vascular endothelium particularly at the 
capillary level, and terminate with accelerated 
atherosclerosis induced end-organ insufficien-
cies in early years of life. Some signals including 
higher age, lower BMI, increased total bilirubin 
value of the plasma, and higher number of trans-
fused RBC units in their lives of the death cases 
may alert us that deaths may not be sudden unex-
pected events in the SCD.

Key words: Sickle cell diseases, chronic endothe-
lial damage, accelerated atherosclerosis, end-or-
gan insufficiency, metabolic syndrome, early ag-
ing, sudden death
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Introduction

Chronic endothelial damage may be the major underlying 
cause of aging and death by causing end-organ insufficiencies 
in human beings (1, 2). Much higher blood pressures (BP) of 
the afferent vasculature may be the major accelerating factor by 
causing recurrent injuries on vascular endothelium all over the 
body. Probably, whole afferent vasculature including capillar-
ies are mainly involved in the process. Thus the term of veno-
sclerosis is not as famous as atherosclerosis in the literature. 
Due to the chronic endothelial damage, inflammation, edema, 
and fibrosis, vascular walls thicken, their lumens narrow, and 
they lose their elastic nature, all of which reduce blood supply 
to the terminal organs, and increase systolic BP further. Some 
of the well-known accelerating factors or indicators of the in-
flammatory process are physical inactivity, sedentary lifestyle, 
animal-rich diet, smoking, alcohol, overweight, hypertriglyc-
eridemia, dyslipidemia, impaired fasting glucose, impaired 
glucose tolerance, white coat hypertension, chronic inflamma-
tions, prolonged infections, and cancers for the development of 
terminal consequences including obesity, hypertension (HT), 
diabetes mellitus (DM), chronic obstructive pulmonary disease 
(COPD), coronary heart disease (CHD), chronic renal disease 
(CRD), cirrhosis, peripheric artery disease (PAD), mesenteric 
ischemia, osteoporosis, stroke, dementia, other end-organ in-
sufficiencies, early aging, and premature death (3, 4). Although 
early withdrawal of the accelerating factors can delay termi-
nal consequences, after development of HT, DM, COPD, CHD, 
CRD, cirrhosis, PAD, mesenteric ischemia, osteoporosis, 
stroke, dementia, other end-organ insufficiencies, and aging, 
endothelial changes cannot be reversed completely due to their 
fibrotic nature. The accelerating factors and terminal conse-
quences are researched under the titles of metabolic syndrome, 
aging syndrome, or accelerated endothelial damage syndrome 
in the literature, extensively (5, 6). Similarly, sickle cell dis-
eases (SCD) are severe inflammatory processes on vascular 
endothelium, particularly at the capillary level, and terminate 
with accelerated atherosclerosis induced end-organ failures in 
early years of life. Actually, deaths may not be sudden unex-
pected events in the SCD.

Materials and Methods

The study was performed in the Medical Faculty of the Mustafa 
Kemal University between March 2007 and June 2016. All pa-
tients with the SCD were included into the study. The SCD are 
diagnosed with the hemoglobin electrophoresis performed via 
high performance liquid chromatography. Medical histories in-
cluding transfused units of red blood cells (RBC) in their lives 
were learnt. A complete physical examination was performed 
by the same internist. Body weight and height were measured, 
and body mass index (BMI) of each case was calculated by 
the same physician instead of verbal expressions. Weight in 
kilograms is divided by height in meters squared (7). Check up 
procedures including total bilirubin level of the plasma were 
performed. Eventually, total number of death cases during the 
ten-year follow up period was detected, and the mean age, BMI, 
total bilirubin level of the plasma, and transfused units of RBC 
in their lives were compared between the alive and dead pa-

tients. Mann-Whitney U and Independent-Samples t tests were 
used as the methods of statistical analyses.

Results

The study included 441 patients with the SCD (226 males and 
215 females). There were 31 death cases during the ten-year 
follow up period (14 females with a mean age of 33.3 ± 9.2 (19-
47) and 17 males with a mean age of 30.2 ± 8.4 (19-50) years, 
p>0.05). The mean age of alive patients was 30.7 ± 10.0 (5-59) 
years. Although the mean age of death cases was higher (31.6 
versus 30.7 years), the difference was nonsignificant probably 
due to the small number of dead patients (p>0.05). Similarly, 
although the mean BMI of death cases was lower (20.6 versus 
21.7 kg/m2), the difference was nonsignificant probably due to 
the small number of dead patients again (p>0.05). On the other 
hand, total bilirubin level of the plasma was significantly high-
er in the death cases (9.0 versus 4.4 mg/dL, p= 0.001). Whereas 
although the transfused units of RBC in their lives were higher 
in the death patients (67.7 versus 36.7 units), the difference was 
nonsignificant probably due to the same cause again (p>0.05) 
(Table 1).
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Table 1: Characteristic features of the study patients

*Sickle cell diseases   †Nonsignificant (p>0.05)   ‡Body mass index   §Red blood cells
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Discusssion

SCD are chronic inflammatory processes on vascular endothe-
lium terminating with accelerated atherosclerosis induced end-
organ insufficiencies and shortened survivals in both genders (8, 
9). Hemoglobin S (HbS) causes loss of elastic and biconcave disc 
shaped structures of RBC. Probably loss of elasticity instead of 
shape is the main pathology since sickling is rare in peripheric 
blood samples of the SCD patients with associated thalassemia 
minors, and human survival is not affected in hereditary sphero-
cytosis or elliptocytosis. Loss of elasticity is present during the 
whole lifespan, but exaggerated with inflammation, infections, 
and various stresses of the body. The hard RBC induced chronic 
endothelial damage, inflammation, edema, and fibrosis termi-
nate with disseminated tissue hypoxia all over the body (10, 11). 
As a difference from other causes of chronic endothelial dam-
age, the SCD may keep vascular endothelium particularly at the 
capillary level (12), since the capillary system is the main dis-
tributor of the hard cells into the tissues. The hard cells induced 
chronic endothelial damage builds up an advanced atherosclero-
sis in younger ages of the patients. As a result, mean lifespans 
of the patients were 48 and 42 years in females and males in 
the literature (13), whereas they were 33.3 and 30.2 years in the 
present study, respectively. The great differences may be sec-
ondary to delayed diagnosis, delayed initiation of hydroxyurea 
therapy, and inadequate RBC supports during emergencies in 
Turkey (14-16). Actually, RBC supports must be given imme-
diately during all medical or surgical events in which there is 
evidence of clinical deterioration in the SCD (17). RBC supports 
decreased sickle cell concentration in circulation and suppresses 
bone marrow about the production of abnormal RBC. So it de-
creases sickling-induced endothelial damage, inflammation, and 
edema all over the body. The higher number of transfused RBC 
units in the death cases in the present study may show the sever-
ity of the SCD in such cases.

Digital clubbing is characterized by increased normal angle of 
165° between nailbed and fold, increased convexity of the nail 
fold, and thickening of the whole distal finger (18). The exact 
cause and significance is unknown but chronic tissue hypoxia is 

highly suspected (19). In the previous study, only 40% of club-
bing cases turned out to have significant underlying diseases 
while 60% remained well over the subsequent years (20). But 
according to our experiences, digital clubbing is frequently as-
sociated with smoking and pulmonary, cardiac, or hepatic dis-
orders those are characterized with chronic tissue hypoxia (5). 
As an explanation for that hypothesis, lungs, heart, and liver are 
closely related organs whose functions are affected in a short 
period of time. On the other hand, digital clubbing is also com-
mon in patients with the SCD and its prevalence was 14.0% ver-
sus 6.2% in males and females in a previous study, respectively 
(21). It probably shows chronic tissue hypoxia caused by dis-
seminated endothelial damage, inflammation, and edema at the 
capillary level in the SCD. Beside the effects of SCD, the higher 
prevalences of smoking, COPD, and clubbing in males (p<0.001 
for all) may also show some additional roles of smoking, COPD, 
and male sex on clubbing (22).

Leg ulcers are seen in up to 20% of patients with the SCD (23), 
and the ratios were 20.0% versus 7.2% in males and females in 
the above study, respectively (21). Its incidence increases with 
age, male sex, and HbSS genotype (24). Similarly, its ratio was 
higher in males (19.8% versus 7.0%, p<0.001), and mean age of 
the patients with leg ulcers was significantly higher than the oth-
ers (35.3 versus 29.8 years, p<0.000) in the above study (22). 
The leg ulcers have an intractable nature, and around 97% of 
healed ulcers relapse in a period of one year (23). As evidence 
of their atherosclerotic nature, the leg ulcers occur in distal ar-
eas with less collateral blood flow in the body (23). The hard 
RBC induced chronic endothelial damage, inflammation, and 
edema at the capillary level may be the major cause in the SCD 
(24). Prolonged exposure to the hard bodies due to the gravi-
ty-induced pooling of blood in the lower extremities may also 
explain the leg but not arm ulcers in the SCD. The hard RBC 
induced venous insufficiencies may also accelerate the process 
by pooling of causative hard bodies in the legs, and vice versa. 
Pooling of blood in the lower extremities may have some effects 
on development of venous ulcers, diabetic ulcers, Buerger’s dis-
ease, digital clubbing, and onychomycosis, too. Pooling of blood 
in the lower extremities may also have some effects on the de-
layed wound and bone fracture healing in the lower extremities. 
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Beside the hard bodies, smoking and alcohol may also have 
some additional effects on the leg ulcers since both of them 
are more common in males (22). Hydroxyurea is the main drug 
that was approved by Food and Drug Administration for the 
treatment of SCD (12). It is an oral, cheap, safe, and effective 
drug that blocks cell division by suppressing formation of de-
oxyribonucleotides which are the building blocks of DNA (14). 
Its main action may be suppression of hyperproliferative white 
blood cells (WBC) and platelets (PLT) in the SCD (25). Al-
though presence of a continuous damage of hard cells on en-
dothelium, severity of the destructive process is probably exag-
gerated by the patients’ own immune systems. Similarly, lower 
WBC counts were associated with lower crises rates, and if a 
tissue infarct occurs, lower WBC counts may decrease sever-
ity of pain and tissue damage (26). According to our 15-year 
experiences, prolonged resolution of leg ulcers with hydroxyu-
rea therapy suggests that the increased WBC and PLT counts 
induced prolonged endothelial damage, inflammation, and 
edema at the capillary level may have significant effects in the 
development of leg ulcers in the SCD.

Varices are abnormally dilated veins with tortuous courses, 
and they usually occur in the lower extremities. Related factors 
include pregnancy, obesity, menopause, aging, and heredity. In 
other words, varices are more common in females and meta-
bolic syndrome. Normally, leg muscles pump veins to return 
blood 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 telangiectasias develop. 
Deep vein thrombosis (DVT) may also cause varicose veins. 
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 up-
right position. Although the relatively younger mean ages of 
the patients (30.8 and 30.3 years of males and females, respec-
tively) and significantly lower mean BMI of the SCD cases in 
the literature (11), DVT and/or varices and/or telangiectasias of 
the lower limbs were higher among the study cases (9.0% ver-
sus 6.6% in males and females, p>0.05, respectively) indicating 
an additional venous involvement in the SCD (22).

Both frequency and complications of cirrhosis are increasing in 
the world. For example, it was the 10th leading cause of death 
for men and the 12th for women in the United States in 2001 
(6). Although the improvements of health services worldwide, 
the increased morbidity and mortality of cirrhosis may be ex-
plained by aging of the human being and increased prevalence 
of excess weight all over the world. For example, nonalcohol-
ic fatty liver disease (NAFLD) affects up to one third of the 
world population, and it became the most common cause of 
chronic liver disease even in children and adolescents nowa-
days (27, 28). NAFLD is a marker of pathological fat deposition 
combined with a low-grade chronic inflammation that results 
with hypercoagulability, endothelial dysfunction, and an ac-
celerated atherosclerotic process (27). Beside terminating with 
cirrhosis, NAFLD is associated with higher overall mortality 
rates as well as with increased prevalence of cardiovascular 
diseases (28). Authors reported independent associations be-
tween NAFLD and impaired flow-mediated vasodilation and 
increased mean carotid artery intima-media thickness (CIMT) 
(28, 29). NAFLD and cirrhosis may actually be considered 

as the hepatic consequences of the metabolic syndrome (30). 
Smoking may also take a role in the endothelial inflammatory 
process of the liver since the systemic inflammatory effects of 
smoking on endothelial cells is well-known with COPD and 
Buerger’s disease (31). Increased oxidative stresses, inactiva-
tion of antiproteases, and release of proinflammatory mediators 
may terminate with a systemic atherosclerosis in smokers. The 
atherosclerotic effects of alcohol are much more prominent in 
hepatic endothelium probably due to the highest concentrations 
of its metabolites in the liver. Similarly, aging alone may be an-
other cause of systemic atherosclerosis that prevents adequate 
tissue oxygenation. Chronic infectious or inflammatory proc-
esses such as the SCD may also terminate with an accelerated 
atherosclerosis all over the body (32). For example, chronic 
HCV infection raised CIMT (32). As a result, beside COPD, 
ileus, leg ulcers, digital clubbing, CHD, CRD, and stroke, cir-
rhosis may also be one of the several consequences of the SCD 
and metabolic syndrome in the human body.

Excess weight induced chronic low-grade vascular endothelial 
inflammation may play a significant role in the pathophysiol-
ogy of disseminated atherosclerosis in the whole body (1, 2). 
Probably excess weight may be the most common cause of vas-
culitis, worldwide, and the leading cause of major health prob-
lems in this century. It leads to both structural and functional 
abnormalities in many organ systems of the body (33). Adipose 
tissue produces leptin, tumor necrosis factor-alpha, plasmino-
gen activator inhibitor-1, and adiponectin-like cytokines, all of 
those behave as acute phase reactants in the plasma (34). On 
the other hand, excess weight may cause an increased blood 
volume as well as an increased cardiac output thought to be 
the result of an increased oxygen need of the excessive fat tis-
sue. The prolonged increase in the blood volume may lead to 
myocardial hypertrophy, terminating with a decreased cardiac 
compliance. Additionally, fasting plasma glucose and total cho-
lesterol values increased parallel to the increased BMI values 
in another study (35). Combination of these cardiovascular risk 
factors will eventually terminate with an increased left ven-
tricular stroke work and higher risks of arrhythmias, cardiac 
failure, and sudden death. Similarly, the prevalence of CHD 
and stroke increased parallel to the increased BMI in another 
study (36), and risk of death from all causes including cancers 
increased throughout the range of moderate to severe excess 
weight in all age groups (37). The relationships between excess 
weight, increased BP, and higher plasma triglycerides (TG) 
were shown in the metabolic syndrome, extensively (38). For 
example, prevalence of smoking (42.2% versus 28.4%, p<0.01), 
excess weight (83.6% versus 70.6%, p<0.01), DM (16.3% versus 
10.3%, p<0.05), and HT (23.2% versus 11.2%, p<0.001) were 
all higher in the hypertriglyceridemia group in another study 
(39). On the other hand, the prevalence of hyperbetalipopro-
teinemia was similar both in the hypertriglyceridemia (200 
mg/dL and higher) and control groups (18.9% versus 16.3%, 
p>0.05, respectively) in the above study (39). Similarly, plasma 
low density lipoproteins increased just up to the plasma TG 
value of 200 mg/dL but no more in another study (40). Beside 
that, the mean BMI values increased just up to the plasma TG 
value of 150 mg/dL, significantly (p<0.05 for each step) (40). 
On the other hand, the greatest number of deteriorations in 
the metabolic parameters was observed just above the plasma 
TG value of 60 mg/dL in the above study (40). On the other 
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hand, nearly three-quarters of cases above the age of 30 years 
have excess weight (41). The prevalence of excess weight in-
creases by decades, particularly after the third decade, up to 
the eighth decade of life (41). So 30th and 70th years of age 
may be the breaking points of life for body weight, and aging 
may be the major determining factor of excess weight. Rela-
tively decreased physical and mental stresses after the age of 
30 years, and debility and comorbid disorders induced restric-
tions after the age of 70 years may be the major causes for the 
changes of BMI at these ages. On the other hand, we detected 
a retarded mean body weight and BMI in the SCD in the above 
study (11), and although the higher age, the lower BMI of death 
cases is probably due to the advanced SCD-induced cachexia 
in the present study.

According to our 15-year experiences, the deaths seem sud-
den unexpected events in the SCD. Unfortunately, most of the 
deaths develop hours after hospital admission, and the majority 
of them are found among unfollowed patients without medica-
tion, particularly the hydroxyurea therapy (14-16). Rapid RBC 
supports are usually vital for such cases but preparation of 
RBC units for transfusion usually takes time. Beside that RBC 
supports in emergencies become more difficult in advanced 
cases due to the previous transfusions induced blood group 
mismatch. Actually, transfusion of each unit of RBC compli-
cates the following transfusions due to the blood subgroup mis-
match. Due to the efficacy of hydroxyurea therapy in the SCD 
(14-16), RBC transfusions should be kept for acute events and 
emergencies in the SCD. According to our experiences, simple 
and repeated transfusions are superior to RBC exchange (42, 
43). First of all, preparation of one or two units of RBC suspen-
sions at each time rather than preparation of six units or greater 
provides time fo clinicians to prepare more units by preventing 
sudden death of such patients. Secondly, transfusions of one or 
two units of RBC suspensions at each time decreases the se-
verity of pain and relaxes anxiety of the patients and surround-
ings in a short period of time since RBC transfusions probably 
have the strongest analgesic effects in the severe painful cri-
ses. Thirdly, transfusions of lesser units of RBC suspensions 
at each time by means of simple transfusions will decrease 
transfusion-related complications and blood group mismatch 
in the future. Fourthly, transfusion of RBC suspensions in the 
secondary health centers may prevent some deaths developed 
during transport to the tertiary health centers for the exchange. 
On the other hand, the deaths in the SCD cannot be explained 
by a solitary reason alone instead they may probably be mul-
tisystemic in nature. Actually, each emergency or painful cri-
sis probably leaves some sequelae on the organ systems in the 
body. After a period of time, the sequelae may terminate with 
end-organ failures. The higher number of transfused RBC units 
in their lives in the death cases in the present study is probably 
due to the higher number of previous emergencies or painful 
crises terminated with accumulated sequelae in them. Actu-
ally, each painful crisis or medical or surgical emergency may 
complicate with the following crises or emergencies by leaving 
some sequelae on the organ systems. The significantly higher 
total bilirubin value of the plasma may show the severity of the 
hemolytic process initiated at birth and/or an advanced hepatic 
disease in the death cases in the present study.

Hydroxyurea is an effective therapeutic option for the treat-
ment of chronic myeloproliferative disorders and SCD. It in-
terferes with cell division by blocking the formation of de-
oxyribonucleotides by means of inhibition of ribonucleotide 
reductase. The deoxyribonucleotides are the building blocks 
of DNA. Hydroxyurea mainly affects hyperproliferating cells. 
Although the mode of action of hydroxyurea is thought to be 
the increase in gamma-globin synthesis for fetal hemoglobin 
(Hb F) (44, 45), its main action may be the suppression of leu-
kocytosis and thrombocytosis by blocking the DNA synthesis 
in the SCD. In this way, the chronic inflammatory process of 
the SCD is suppressed to some extent. Due to the same action 
way, hydroxyurea is also used in moderate and severe psoriasis 
to suppress hyperproliferating skin cells. As in viral hepati-
tis, although presence of continuous damage of sickle cells on 
the capillary endothelium, the severity of destructive process 
is probably exaggerated by the patients’ own WBC and PLT. 
So suppression of proliferation of them may limit the endothe-
lial damage-induced ischemia and infarctions all over the body 
(25). On the other hand, final Hb F levels in hydroxyurea users 
did not differ from their pre-treatment levels (26).

Hydroxyurea probably has a life-saving role in the SCD. The 
Multicenter Study of Hydroxyurea (MSH) studied 299 severely 
affected adults with sickle cell anemia (Hb SS), and compared 
the results of patients treated with hydroxyurea or placebo 
(46). The study particularly researched effects of hydroxyu-
rea on painful crises, acute chest syndrome, and requirement 
of blood transfusion. The outcomes were so overwhelming in 
the favour of hydroxyurea that the study was terminated after 
22 months, and hydroxyurea was initiated for all patients. The 
MSH also demonstrated that patients treated with hydroxyurea 
had a 44% decrease in hospitalizations (46). In multivariable 
analyses, there was a strong and independent association of 
lower neutrophil counts with the lower crisis rates (46). But 
this study was performed just in severe Hb SS cases alone, 
and the rate of painful crises was decreased from 4.5 to 2.5 per 
year (46). Whereas in the previous study (16), we used all sub-
types of the SCD with all clinical severity, and the rate of pain-
ful crises was decreased from 10.3 to 1.7 per year (p<0.000) 
with an additional decreased severity of them (7.8/10 versus 
2.2/10, p<0.000). Parallel to our results, adult patients using 
hydroxyurea for frequent painful crises appear to have reduced 
mortality rate after a 9-year follow-up period (47). The under-
lying disease severity remains critical to determine prognosis 
but hydroxyurea may decrease severity of disease and prolong 
survival (47). The complications start to be seen even in in-
fancy in the SCD. For example, infants with lower hemoglobin 
values were more likely to have a higher incidence of clini-
cal events such as acute chest syndrome, painful crises, and 
lower neuropsychological scores, and hydroxyurea reduced the 
incidences of them (48). Hydroxyurea therapy in early years of 
life may protect splenic function, improve growth, and prevent 
end-organ insufficiencies. Transfusion programmes can also 
reduce all of the complications, however transfusions carry 
many potential risks including infection transmission, devel-
opment of allo-antibodies causing subsequent transfusions dif-
ficult, and iron overload.
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As a conclusion, SCD are severe inflammatory processes on 
vascular endothelium particularly at the capillary level, and 
terminate with an accelerated atherosclerosis induced end-
organ insufficiencies in early years of life. Some signals in-
cluding higher age, lower BMI, increased total bilirubin value 
of the plasma, and higher number of transfused RBC units in 
their lives of the death cases may alert us that deaths may not 
be sudden unexpected events in the SCD.
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