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Impact Statement

Sickle cell disease was the first genetic disease
to be described and is one of the most prevalent
genetic diseases among individuals of African
ancestry. However, our understanding of this dis-
ease and its associated pathophysiology is still
limited. This review described sickle cell disease in
the context of aging and shows that sickle cell may
result in structural and molecular changes that have
been described in aging. And since the overwhelm-
ing majority of individuals with sickle cell disease
are below the age of 50years, we argue here that
sickle cell disease is indeed an accelerated aging
syndrome.

Abstract

Sickle cell disease (SCD) is characterized by vaso-occlusion, hemolysis, and
systemic manifestations that form the hallmark of the disease. Apart from morbidity,
SCD is also associated with increased mortality and decreased quality of life. Aging
is a natural phenomenon that is associated with changes at cellular, tissue, and
organ levels, in addition to the loss of physical fithess, increased susceptibility to
diseases, and a higher likelihood of mortality. Some of the cellular mechanisms
involved in normal (or physiological) aging include abnormalities of sphingolipids
(ceramides) and reduced length of the telomere. These changes have also been
documented in SCD. Cellular, organs, and physical manifestations of SCD resemble
an accelerated aging syndrome. Sickle erythrocytes also acquire morphological
features similar to that of aged normal erythrocytes and are thus picked up early by
the macrophages for destruction. Brain, kidney, heart, innate and adaptive immune
system, and musculoskeletal system of patients with SCD exhibit morphological and
functional changes that are ordinarily seen in the elderly in the general population.
Stroke, silent cerebral infarcts, cardiomegaly, heart failure, pulmonary hypertension,
nephropathy with proteinuria, osteopenia, osteoporosis, osteonecrosis, gout, and

infections are exceedingly common in SCD. In this review, we have attempted to draw parallels between SCD and accelerated

aging syndromes.
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Introduction

Globally, there are about 25 million people affected by sickle
cell disease (SCD), with 75% living in sub-Saharan African.!
The evolution and distribution of SCD overlap with areas of
a high prevalence of severe falciparum malaria.? The rela-
tionship between SCD and malaria can best be described
as a balanced polymorphism, and it underscores the role of
malaria as the gene driver of this mutation.> Nevertheless,
as a result of migration and interracial marriages, SCD is
emerging as a common genetic disease in Europe and the
Americas.*Itis also found in the Indian subcontinent and the
Middle East, although the clinical presentation may be less
severe because of associated thalassemia and considerably
favorable Arab-Indian haplotype when compared to severer
Bantu, Benin, and Senegal haplotypes.®

SCD is the first molecular disease identified by human-
kind, with an autosomal recessive pattern of inheritance.
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The pathobiology of SCD starts with a point mutation whose
translational product results in the replacement of a hydro-
philic amino acid (glutamic acid) with a hydrophobic amino
acid (valine) at the sixth position of the beta globin chain.®
There are various phenotypes of SCD, which share a com-
monality in the sickling of erythrocytes under low oxygen
concentration with associated vaso-occlusion and/or hemo-
lysis.® The current paradigm broadly classified the clinical
phenotypes of SCD into hemolytic/endothelial dysfunction
and vaso-occlusive/hyperviscosity.”® This classification is
built on the premise of low hemoglobin and high hemolytic
markers or high hemoglobin and low hemolytic markers, in
addition to the spectrum of morbidities associated with either
hemoglobin level or hemolytic markers.”® The spectrum of
morbidities defining SCD clinical phenotypes consists of sys-
temic manifestations associated with both acute and chronic
complications in several organs of the body.® The heterogeneity
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seen in the spectrum of morbidities could be related to the
differences in the level of disease modifiers, including sickle
hemoglobin (HbS) and fetal hemoglobin (HbF) concentra-
tions, red cell hydration, oxygenation, haplotypes, and so on.

Aging is a natural process with a hallmark of gradual
deterioration of physiological and physical functions, mor-
phological changes, and loss of fitness or energy. It is also
associated with an increased risk of diseases and a higher
likelihood of mortality.” Accelerated aging is a state of fast
decline in physical, biochemical, physiological, and organ
functions, which is mostly associated with genetic, meta-
bolic, or chronic diseases, and could lead to early death.®
Although the underlying mechanisms of accelerated aging
lie at the molecular and cellular levels, organ damage/fail-
ure is a critical determinant of aging.!® SCD often presents
with multiple organs complications,!! which mimics an
accelerated aging syndrome, and manifests with endothe-
lial dysfunction as one of the cardinal features. In a prospec-
tive cohort of adults with SCD (median age 25.5years), the
prevalence of multiple end-organ complications was 59.3%,
and the number of end organs affected was significantly
associated with mortality.!! Therefore, considering the dra-
matic decline in organs functions at a relatively younger age,
the calendar age of patients with SCD could be misleading
when compared to the biological/physiological age.®!? This
review intends to provide perspectives on the novel concept
of SCD as an accelerated aging syndrome.

Methods and search strategy

We identified articles to be included in this review via search
engines (PubMed and Google Scholar). We used the follow-
ing combination of keywords: accelerated aging AND sickle
cell disease OR sickle cell telomere OR sickle cell ubiquitin—
proteasome system OR sickle cell sphingolipids OR sickle cell
immune system aging OR sickle cell organs aging. The publi-
cation period was expanded, to include everything published
until September 2020. We also reviewed the bibliographies
of the articles that were selected for a full review to identify
more articles for inclusion in this review. A second search
was conducted to include publications from September 2020
to October 2021. The second search was to ensure that we
included any new publications that were not included in our
initially submitted manuscript and/or were suggested/rec-
ommended by the reviewers. We present a detailed discus-
sion of the results of this article search below. A summary of
the most relevant manuscripts is also presented in Table 1.

SCD exhibits cellular and molecular mechanisms
of accelerated aging

Several genetic and metabolic pathways have been implicated
in the natural aging process. A study in eukaryotes has dem-
onstrated that knocking down of the longevity assurance
gene 1 (LAGI), which encodes enzyme ceramide synthase,
increases the lifespan of Saccharomyces cerevisiae.'> This
observation provides a clue about the role of sphingolipid
metabolite (ceramide) in the aging process. Reduction in
glucosylceramide plays a role in the age-dependent deterio-
ration of immune functions of CD4+ T-cells.! Recent studies
among children with SCD, has reported low serum ceramide
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as well as high phosphated ceramide and sphingosine lev-
els,!® similar to what is observed in aging. Apart from these,
natural aging has been linked to increased chemokines and
proinflammatory cytokines (such as tumor necrosis factor
(TNF) alpha) in cells and tissues, and this interferes with
the activity of telomerase.!® Similar effects of these cytokines
and chemokine on accelerated aging have also been reported
in a state of magnesium deficiency. Magnesium deficiency
induces the generation of free radicals, and this can damage
the DNA, and possibly downregulates telomerase to inter-
fere with cell growth and division.!”” Low plasma levels of
ionized magnesium and red cell magnesium were reported in
a significant proportion of patients with SCD.!8 Magnesium
seems to act as a vasodilator and a calcium channel blocker
in the heart, and thus, magnesium deficiency is reportedly
associated with hypertension, cardiovascular diseases, and
atherosclerosis.!” In SCD, magnesium deficiency could also
lead to red cell dehydration; an effect that increases the rate
of sickling and hemolysis.!® The cumulative effect of these
changes predisposes the patients to morbidities such as
stroke, pulmonary hypertension (PH), and leg ulcers.”

Telomeres are tandem repeats of nucleotides’” sequences
located at the end of chromosomes for stability.! These nucle-
otides’ caps of chromosomes shorten in length with each cell
division, eventually limiting the number of cell divisions.
Hence, the length of telomere is an important determinant
of the cell cycle, growth, and aging. Therefore, maintenance
of telomere length is made efficient by the normal activity of
telomerase.!® Persons with SCD have been reported to have
shorter telomere length compared with chronological age-
matched healthy control, and this correlates with the disease
severity (more in HbSS than HbSC) and inflammation.!%20
Therefore, in the setting of the combined effects of magne-
sium deficiency-related impairment of telomerase activity
and the documented shorter level of telomeres associated
with SCD itself, we postulate that SCD may be viewed as
accelerated aging at the molecular level.

Another mechanism of regulating aging is through main-
tenance of protein quality. Damaged proteins are polyubiqui-
tinated as a mechanism for recognition by the 19s regulatory
proteasome core and subsequent action of the 20s catalytic
proteasome core.?! The catalytic proteasome core has caspase-,
trypsin- and chymotrypsin-like activities.?! Accumulation of
low-quality proteins results from a failure of the ubiquitin—
proteasome system to flag misfolded proteins for degrada-
tion in the lysosome.?>* This failure of the cells to degrade
misfolded (low quality) proteins has been shown to fast-track
aging at the cellular and tissue levels.2>* SCD also exhibits
dysfunction of the ubiquitin—proteasome system,? hence giv-
ing credence to the disease as an accelerated aging syndrome.
There are also epigenetic mechanisms involved in the aging
process; however, these have not been well-studied in SCD
and future studies may show that the changes observed in
aging are also similar to those seen in patients with SCD, who
might be significantly younger in chronological age.?

Sickle erythrocytes exhibit features of
accelerated aging

The average life span of normal erythrocytes is 110 = 10 days;
however, sickle erythrocyte’s lifespan is reduced to barely
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Table 1. Summary of studies on cellular, tissue, and organ characteristics of aging in sickle cell disease compared to the general population.

Aging-related features

Sickle cell disease—related features

Citations

1. Sphingolipid metabolism

2. Telomere length

3. Protein quality maintenance

4. Magnesium homeostasis

5. Red cell

Ceramide is associated with aging.'3
Increased acid sphingomyelinase plays a
role in age-related neuroinflammation and
neurodegenerative changes.50:51

Telomere length is a determinant of the cell
cycle, growth, and aging. Shorter telomere
indicates aging.1®

Accumulation of proteins of low quality
occurs due to failure of the ubiquitin—
proteasome system to flag misfolded
proteins for degradation in the lysosome,
which is shown to fast-track aging at the
cellular and tissue levels.??

Magnesium deficiency predisposes to
the generation of free radicals, which
could damage DNA and possibly
downregulates telomerase. In a state of
deficiency, magnesium is associated with
hypertension, cardiovascular diseases, and
atherosclerosis.'”

Features of red cell aging such as high

Compared to healthy controls, SCD is associated

with reduced serum ceramide.s

Sinclair et al.3
Alessenko?
Parks5?

characteristics density, changes in band3, increased

membrane-bound IgG, recognition by
reticuloendothelial system for destruction
after a life span of averagely 120days.2324

6. Organs and systems changes:
Brain
Pulmonary system
Musculoskeletal system
Renal system
Immune system

disease—related cognitive deficits are
common.
Global prevalence of pulmonary

hypertension is put at 1%, but is as high as

10% in aged population =65years.

Aging-related bone loss and osteoporosis

often leading to fracture or arthritis.*°
Kidney changes in elderly include

glomerulosclerosis and tubulofibrosis.
Glomerular filtration rate declines steadily

from 40years in normal individuals.55

Immunosenescence predisposing aged
population to infections.®2 Zinc deficiency
is common in aged people and causes

lymphophenia.t?

Ischemic stroke occurs in elderly population
with atherosclerosis, and less commonly in
young adult. Age- and neurodegenerative

Aslan'®
Patients with SCD have shorter telomere than Aubert'6
healthy controls. The telomere length also Colella™
correlates negatively with the disease severity
(shorter in HbSS than HbSC) and inflammation.®
Sickle cell disease exhibits dysfunction of the Carrard??
ubiquitin—proteasome system. Cellular level of Warang?*
polyubiquitinated proteins was high in SCD patients
compared to healthy controls and hydroxyurea-
treated patients.?*
Magnesium deficiency leads to red cell Altura!”
dehydration, which predisposes to increased Antwi-
sickling and hemolysis'® with associated Boasiako'®
morbidities such as stroke, pulmonary
hypertension, and leg ulcers.
Sickle erythrocytes harbor morphological and Franco2?
functional characteristics of aged normal red cells  Yasin26
at a young age, such as high density; changes Bosman?”
in band3, increased membrane-bound IgG, and
externalization of phosphatidylserine enabling
recognition by the reticuloendothelial system after a
life span of averagely 30days.2627
Ischemic stroke occurs in about 11% of children Schatz*®
and adolescents as a result of endothelial Prussien*”
dysfunction.#® Neurological injuries- and SCD- Anjum32
related cognitive deficits are common.4” Ballas*®
Pulmonary hypertension prevalence in SCD Farook#!
is averagely 10%. It is associated with low Nath54
apolipoprotein A (APO-A) and high polyubiquitin, Schlangerss
both of them are cellular markers of aging.3? Brousse®®
Loss of bone mineral density and osteoporosis of Booth8?
vertebral bone.#*' Advanced osteoarthritis related to  Burkle®?
avascular necrosis.40:41 Haase®

SCD is associated with glomerular hypertrophy,
glomerulosclerosis, and fibrosis.5*

Glomerular filtration rate initially starts with
hyperfiltration and steadily declines from childhood.
Hyposplenism and functional asplenia,®° including
zinc deficiency predisposing patients with SCD to
infections. Zinc deficiency is common SCD.6!

SCD: sickle cell disease.

20days due to morphological changes culminating with
both chronic intravascular and extravascular hemolysis.?32¢
Polymerization and associated sickling cause injuries to
sickle erythrocytes. These injuries damage the membrane
to cause perturbation of the lipid bilayer by exposing phos-
phatidylserine.?® Sickle erythrocytes harbor morphological
and functional characteristics of aged normal erythrocytes,
such as high density, changes in band3, and increased mem-
brane-bound IgG.?” These changes (typically observed in
aged erythrocytes) seen in relatively young sickle erythro-
cytes are features that support the postulation of SCD as an
accelerated aging syndrome.?” Eventually, the prematurely
aged sickle erythrocytes are picked by the macrophages
(which carry phosphatidylserine receptors) in the reticu-
loendothelial cells and destroyed.?® Often, these damaged

sickle erythrocytes undergo defragmentation within the
vessels and released cell-free hemoglobin, which mops up
haptoglobin, nitric oxide (NO), and hemopexin.” SCD is
also associated with dysfunction of ubiquitin-proteasome
system.?* The cellular level of polyubiquitinated proteins
was shown to be high in patients with SCD when compared
to healthy controls and hydroxyurea-treated patients with
SCD.2* Perhaps the comparatively low levels of polyubiqui-
tinated proteins reported in patients with SCD treated with
hydroxyurea could be attributed to the antioxidant effect of
the drug.2*

Hypothetically, as a result of accelerated aging, we infer
that a chronological day-5 sickle erythrocyte is akin to physi-
ological age of approximately 30-day old normal erythro-
cyte. Essentially, based on life expectancy, the aging process



of sickle erythrocyte could be sixfold faster than normal
erythrocytes.

Organs damages observed in aging form the
bedrock of clinical phenotypes of SCD

A couple of decades ago, SCD was considered primarily a
pediatric disease (especially in low resource settings) due
to high childhood mortality.?® However, recent advances in
the care of patients with SCD have improved the childhood
survival with most of the children born in high-income coun-
tries living up to adulthood.?® As more patients with SCD
survive into adulthood, there would be increased clustering
of SCD-related organ damages.!!

The pathophysiology of SCD-related organ damages is
mainly a consequence of repeated vaso-occlusion or chronic
hemolysis.”? The repeated vaso-occlusion is associated
with hyperviscosity and tissue ischemia-reperfusion injury,
which cumulatively result in various complications and
organ dysfunctions.?? Complications such as acute chest
syndrome, osteonecrosis, and retinopathy are considered to
be vaso-occlusive/hyperviscosity subphenotypes of SCD.”
However, chronic intravascular hemolysis releases cell-free
hemoglobin, which mops up the potent vasodilator NO and
generates heme.® NO depletion and reactive oxygen spe-
cies from heme generation drive the endothelial dysfunc-
tion/vasculopathy and sterile inflammation, respectively.”
Hemolysis is also associated with release of arginase and
asymmetric dimethylarginine from lysed erythrocytes lead-
ing to reduced availability of arginine (a precursor of NO)
and inhibiting endothelial nitric oxide synthase (NO3).”
A combined effect of these cellular mechanisms favors
vaso-constriction, angiogenesis, intimal hyperplasia, and
endothelial dysfunction.”?® Several organs complications
have been associated with the hyper-hemolysis/endothelial
dysfunction subphenotypes of SCD. These complications
include stroke, PH, leg ulcer, nephropathy, and priapism,”#
which are all associated with high hemolytic markers (bili-
rubin, lactate dehydrogenase, and transaminases) and low
hemoglobin.

Cardiovascular complications of SCD mimic
accelerated cardiovascular aging

SCD presents with several cardiovascular complications,
including cardiomegaly, heart failure, pulmonary hyperten-
sion (PH), ventricular dysfunction, myocardial infarction, and
so on.®%3! Due to chronic anemia, the heart in SCD undergoes
structural changes (remodeling) to compensate for increased
demand, which explains why many patients have cardiomeg-
aly. PH, which is uncommon in young healthy (non-sickle
cell) population, has been reported in 30-40% of young adults
with SCD based on the finding of high tricuspid regurgitation
velocity (TRV) =2.5m/s on tissue Doppler echocardiogra-
phy.%3! However, the prevalence of PH decreases to about
10%, on right heart catheterization.? The predictive value
of high TRV in PH is increased by the presence of associated
exercise intolerance (demonstrated using 6-min walk dis-
tance) and/or high pro brain natriuretic peptide (pro BNP).3
High TRV has been shown in several epidemiological studies
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to be a major risk factor of mortality in SCD.3+3¢ Causes of
PH in SCD are multifactorial, and could be due to pulmo-
nary arterial hypertension, left heart disease, lung diseases,
or chronic pulmonary thromboembolism.? Both low levels of
apolipoprotein A (APO-A) and high levels of polyubiquitin
are cellular markers of aging, and have been associated with
pulmonary arterial hypertension in SCD.3?

The cardiac muscles of the left ventricles in SCD undergo
eccentric hypertrophy in order to maintain stroke volume
(in response to chronic anemia) with minimal increase in
heart rate.3! These adaptive changes progress and eventu-
ally lead to left ventricular dysfunction. Iron overload from
chronic hemolysis and recurrent transfusions can also cause
impairment of cardiac functions in SCD.31%” Although no evi-
dence of atherosclerosis (which is commonly associated with
aging) has been reported in SCD, the effect of endothelial
dysfunction leading to intimal proliferation and vascular ste-
nosis shows significant similarity to what is seen in athero-
sclerosis.® Taken together, the changes commonly associated
with the cardiovascular system of relatively young patients
with SCD mirror the age-related changes seen in the cardio-
vascular system and that are seen with advanced age,®%
thereby lending credence to the postulation of accelerated
cardiovascular aging in SCD.

Musculoskeletal and bone degenerative changes
of SCD are indicators of accelerated aging

SCD is associated with osteopenia, osteoporosis, and osteo-
myelitis.*04! Some of these bone changes are markers of
bone aging, which predispose patients to pathological frac-
tures.#? A decreased activity of osteoblasts, which has been
associated with increased number of aged neutrophils, is a
common feature of SCD.#2 In addition, SCD increases the
likelihood of osteonecrosis of the bone, which can culminate
with advanced osteoarthritis of a joint.404!

Sickle cell nephropathy could also aggravate bone and
musculoskeletal changes through disturbed calcium and
vitamin D homeostasis, and urate arthropathy (gout).64!
Sickle cell mice exhibit decrease speed, increased stance
instability, altered walking gait and high likelihood of hesi-
tance stop, which are associated with either pain from arthri-
tis or neurodegenerative changes,* akin to what has been
reported in the Klotho knockout aging mouse model.* Taken
together, these bone complications parallel what is seen in
the aged general population.®

Increased risk of neurological injuries and
cognitive abnormalities in young persons
with SCD

The incidence of stroke in the young population is generally
low. However, SCD is a major risk factor for stroke in the
young, including among children.?® The cumulative inci-
dence of stroke in SCD is about 11% by the second decade,
that is, in the absence of stroke preventive intervention such
as chronic blood transfusion or hydroxyurea therapy. Stroke
in SCD is associated with cerebral vasculopathy, low hemo-
globin, and disturbed cerebral hemodynamics as evidenced
by high transcranial Doppler velocity (=200cm/s).28 Stroke
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causes physical incapacitation, and is associated with motor,
sensory, and cognitive deficits. The mortality rate is also
increased in stroke. The most prevalent neurological injury
associated with SCD is silent cerebral infarctions (diagnosed
with at least 1.5 Tesla magnetic resonance imaging [MRI]).
Silent cerebral infarcts are reported in about 53% of adults
with SCD and are progressive with age.! In comparison,
the prevalence of silent cerebral infarcts among elderly indi-
viduals in the general population is about 20%.4¢ Patients
with SCD, regardless of having a neurological injury or not,
develop cognitive deficit.# However, the level of cognitive
deficit is comparatively more profound in patients with neu-
rological injury evidenced by lower full-scale intelligent quo-
tient, lower educational attainment, and decreased chances
of employability.4—

Abnormalities of sphingolipids metabolism, especially
increased acid sphingomyelinase, have been shown to play
a role in age-related neuroinflammation and neurodegen-
erative changes.®5! Recent studies in animal models of SCD
have also shown that presence of cognitive impairment in
6 months®? and in 13 months® old mice have cellular evi-
dence of neuroinflammation and neurodegeneration as
observed in aged non-sickle cell mice (described earlier).
Taken together, neurological injuries associated with SCD at
a relatively young age suggest accelerated cerebrovascular

aging.

Renal morphological and functional changes in
SCD can be both a cause and effect of
accelerated aging

Various morphological changes have been reported in the
kidneys of patients with SCD. Glomerular hypertrophy, cap-
illary congestions, glomerulosclerosis, and fibrosis have been
documented as part of SCD-related renal changes.>* Some
of the changes like glomerulosclerosis and tubulofibrosis
are ordinarily associated with aging kidney in normal indi-
viduals;% however, these changes are reported commonly in
young individuals with SCD.>* Kidney changes associated
with SCD are progressive and start from childhood.> Unlike
in SCD, the glomerular filtration rate starts a steady decline
around the age of 40years in individuals without SCD.%

The underlying mechanism of renal changes in SCD is
multifactorial. The medullary area of the kidney is prone
to hypoxia, acidosis, and hyperosmalarity.>* These factors
increase the rate of cellular dehydration of sickle erythro-
cytes, and thus predispose to sickling in the renal medulla.
The blood flow in the vasa recta is also comparatively slug-
gish; hence, further increasing the transit time and more like-
lihood of sickling.> These conditions will lead to infarctions
of the vasa recta, culminating with failure of the kidney to
concentrate urine.

Nephropathy with proteinuria is a commonly reported
morbidity of SCD, which accounts for 16-18% of SCD-
related mortality.>* The renal pathologies seen in SCD
could cause acute or chronic kidney disease as a result
of ischemia-reperfusion injury or the deleterious effect
of the filtered hemoglobin. Nephropathy is generally a
progressive disease, which is associated with endocrine
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failure (erythropoietin and 1,25-dihydroxycholecalciferol)
with attendant systemic effects that resemble accelerated
aging 5657 Inadequate secretion of erythropoietin by the kid-
ney in response to low hemoglobin drive aggravates chronic
hemolytic anemia of SCD and might even result in transfu-
sion dependence. Uremia also reduces erythrocyte survival
by damaging red cell membrane, making them prone to
phagocytosis by the macrophages in the reticuloendothe-
lial system.%® There could also be nutritional anemia from
malnutrition and dialysis-related nutrients deficiency, in
addition to increased hepcidin that interferes with intestinal
absorption of iron.?”

The other important endocrine dysfunction associated
with the nephropathy is abnormal vitamin D metabolism.
Calcium absorption from the gastrointestinal tract is regu-
lated by an active vitamin D called 1,25-dihydroxychole-
calciferol (calcitriol), which is produced by the kidney.%
As a result of sickle cell nephropathy, the affected patients
might have features of hypocalcemia, low bone minerali-
zation, and ultimately increased likelihood of developing
renal osteodystrophy.>® Overall, both metabolic, organ,
and physical changes associated with sickle cell nephrop-
athy shows features of accelerated aging which leads to
increased risk of mortality in SCD.

Immunosenescence seems to characterize immune
changes in SCD

The spleen is an important organ that serves as a filter for
microbes, aged/damaged erythrocytes, and plays a role in
generating IgM-producing B memory cells in response to
incident infections.®® The spleen performs these functions
during the passage of blood through the white and red
pulps. Often, the red pulp of the spleen becomes inundated
with sieving sickle red cells, thereby failing to perform other
critical immune functions.®! The spleen is also vital in activa-
tion of the complement system through synthesis of tuftsin
and properdin.®® Importantly, the macrophages of the spleen
can directly remove encapsulated organisms that have not
been opsonized.

SCD is associated with early-onset hyposplenism and
even functional asplenia.®®¢! Therefore, the immune sys-
tem of patients with SCD shows vulnerability especially to
encapsulated microbes, akin to what is seen the elderly.%?
This predisposes the patients to infections, a common cause
of morbidity and mortality in SCD.¢!

Zinc deficiency has also been observed in more than 60%
of patients with SCD.®! Increased demand from high protein
turnover in SCD, and failure of reabsorption at the renal
tubular system due to damage, explains why zinc deficiency
is common in this population. Zinc deficiency affects the
immune system through stimulating increased cortisol secre-
tion, which causes lymphopenia due to programmed B- and
T-cells death in bone marrow and thymus.® Several studies
have reported age-related decrease in zinc level in the elderly
population.®® In addition, a number of the immune changes
in SCD have similarities to immunosenescence seen in the
elderly, where defective phagocytosis and decreased naive
T cells are common features.®?



Idris et al.  Sickle cell disease and aging

Conclusions

The cellular and physical changes associated with SCD at a
relatively young age parallel what has been reported in the
aged non-SCD population. Major end-organ complications,
disturbance of homeostasis, loss of physical function, and
mortality are hallmarks of aging that are commonly seen in
children and young adults with SCD. Therefore, it is impera-
tive to extend the frontiers of research on SCD to the acceler-
ated aging syndrome and doing so would likely pave way
for newer therapeutic interventions, including strategies to
improve longevity and quality of life.
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