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Variation in Pain and Clinical Indices among Patients
with Sickle Cell Disease in Ghana
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Results: Patients with SCD were more literate than their healthy controls
(x2, p=0.0001). By genotypes, patients with HbSS were younger in age and had
lower BMI, p=0.0001, 95% CI: -10.1 - 3.6; and p=0.01, 95% CI -4.13- 0.46. Pain
was the most common clinical manifestation in both HbSS and HbSC (17.7%
and 25.7% respectively) disease, presenting mainly as musculoskeletal pain
(81.3%). Patients with HbSS were anemic, with indicators of hemolytic episodes
and elevated WBCs and Platelets (p=0.0001.), depicting an inflammatory state.
The disease profile of patients with HbSS was generally severer (OR= 1.695,
95% Cl: 1.035-2.776 p=0.036) with a higher score of pain attributed fear of
movement (p=0.0001, 95% CI: 2.2 — 6.0).

Conclusion: Pain is a significant index of disease in patients with SCD,
particularly in those with HbSS genotype leading to fear of movement. Efforts at
involving patients in coping strategies and pain mitigation in management are
warranted.

Keywords: Pain and sickle cell disease; Sickle cell disease; Fear of
movement; Ghana

Abbreviations blood vessels, impairs blood flow and leads to tissue necrosis so that in
reperfusion, an inflammatory response is elicited inducing acute pain
episodes [7,8]. Patients with SCA have the highest episodes of pain
which is reported to increase in frequency from 6 months of birth
and dominates the clinical presentation [9,10]. Most hospitalizations
in SCD are due to pain crisis, largely acute episodic nociceptive pain
[11-13]. In general the major clinical indices known to contribute to
heightened pain are genotype (SCA verses HbSC) [14], hemolysis
[15], decreased hematocrit or anemia [16] and decreased fetal
Introduction hemoglobin (HbF) [17]. There is evidence that these factors do not

necessarily translate into heightened pain. For example it is reported

SCD: Sickle Cell Disease; SCA: Sickle Cell Anemia; HbSS:
Hemoglobin SS mutant; HbSC: Hemoglobin SC mutant, RBC:
Red Blood Cell; MCV: Mean Cell Volume; MPV: Mean Platelet
Volume; Hct: Hematocrit; Plt: Platelet; WBC: White Blood Cell;
Hb: Hemoglobin; MCH: Mean Corpuscular Hemoglobin; LDH:
Lactate Dehydrogenase; BMI: Body Mass Index; TSK: Tampa Scale
of Kinesiophobia

Sickle Cell Disease (SCD) is a co-dominant genetic disorder [1,2]
characterized by the HbS variant of p-globin gene [3]. The common
forms of SCD are HbSS, HbSC, HbSD, HbSE and HbS °/p Thalassemia
[4], due respectively to missense mutations E6V (6 GAG>GTG),
E6K (B6 GAG>AAG), E26K (P26 GAG>AAG), E22V (P22 GAG>
GTG) and B°/+. The homozygous HbSS variant is referred to as Sickle
Cell Anemia (SCA), which is one of the most commonly inherited
genetic disorders, in the world [5]. In SCA, HbS polymerization under
low oxygen tension leads to dehydration, rigidity and increased red
cell density [6]. This phenotype increases vaso-occlusion risk in small

that chronic hyper-hemolysis is associated with fewer episodes of
pain [18,19]. In addition, in a study of pain involving 3578 patients
in the Cooperative Study of Sickle Cell Diseases (CSSCD), 5.2% had
3-10 painful episodes annually that required medical care, while
39% had no pain [19]. Clearly gaps exist in the knowledge of patient
factors associated with pain, which requires more data collection
from different populations. As mentioned previously, while genetic
factors are important in disease phenotype, environmental factors,
in particular sociodemographic factors are also major contributors.
We reasoned that differences in socio-demographic factors between
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patients may contribute partially to the observed variation in pain
manifestation, in addition to disease genotypes and hematological
profiles. We also hypothesized that heightened pain episodes in SCD
could lead to a morbid state with regards to fear of movement which
may differ by genotypes (HbSS and HbSC). So we have characterized
differences in demographic, hematological indices and pain attributed
fear of movement in patients with SCD (HbSS and HbSC) in Ghana.

Materials and Methods
Study subjects

We enrolled 294 patients with sickle cell disease presenting to
the SCD clinic of the Korle-Bu teaching Hospital Accra, Ghana, and
624 controls who qualified to donate blood at the national blood
transfusion center, consecutively. The sample size was determined
using the formula: N=Z2 (P) (1-P)/ (Error) 2, where Z= standard
score for the confidence interval of 95% and equals 1.96. P is the
sample proportion of the prevalence of an S allele which is 0.78 and
for C allele 0.22 in the population studied. Assuming an error of 5% in
this estimate, the sample size per group with an SS and SC genotypes
are respectively 175 and 98. The enrolment followed ethical approval
by the University of Ghana Medical School Ethical Committee and
patients” informed consent. Inclusion criteria depended on subjects
having SCD and undergoing follow up visits at the Center for Clinical
Genetics, Korle-Bu Teaching Hospital. Patients with sickle cell
disease and with acquired hemolysis or known glucose-6-phosphate
dehydrogenase deficiency (G-6-PD) were excluded. Non-sickle cell
disease subjects declared medically fit to donate blood at the National
Blood Donation Center, Korle-Bu Teaching Hospital, and Accra,
served as controls.

Demographics

At enrolment, demographic data (age, education) and clinical
information (previous infection or disease) were obtained from each
subject with a questionnaire either verbally and/or from their folders.
Anthropometric measurements (weight (kg) and height (m)) for BMI
were also taken.

Pain assessment

We defined pain as that occurring at the extremities, back,
abdomen, chest and ribs, head and neck that lasted a minimum of
30 minutes and which could not be explained during a clinic visit
except SCD. Pain intensity was assessed over the preceding seven
days. We used the Numeric Rating Scale (NRS), Visual Analogue
Scale (VAS) and Verbal Descriptors Scale (VDS) to designate the pain
intensity, while the Tampa Scale of Kinesiophobia (TSK) was used
to assess pain associated disability attributed to fear of movement
and musculoskeletal pain. We defined musculoskeletal pain in our
context as: back pain, head and neck pain, chest and ribs and general
bodily pains. The NRS, VDS and VAS included a body diagram and
mood cartoons to enable the patient indicate the exact location of the
pain and feeling about the pain. Responses were categorized into four
tiers according to the WHO analgesic ladder: without pain (0), mild
pain (1-3), moderate pain (4-7) and intense/severe pain (8-10).

Blood collection and analysis

Four millimeters (4ml) blood was drawn from an antecubital
vein by means of a plastic syringe and dispensed into EDTA
(ethylenediamine tetra -acetic acid) tubes and immediately mixed

Table 1: Baseline demographic data of patients and controls.

Education(n: 2 secondary) x?
SCD | BMI (kg/m?) | Age (years)
™ ™ %)
48(25.8%) SS vs Control,
HbSS 19.9+435 . 25.1+12.8 . 0=0.0001
20(19.8%) SC vs Control,
HbSC 22.2451 ) | 32.0¢13.7 0=0.0001
Controls | 27.0+3.5 ,,, = 31.6%8.6 31(5.3%)

1SCD: Sickle Cell Disease; HbSS: Hemoglobin SS mutant; HbSC: Hemoglobin
SC mutant; BMI: Body Mass Index

gently over a roller. This was used to determine the Full Blood Count
(Red Blood Cells, Mean Cell Volume, Hematocrit, Hemoglobin,
Mean Platelet Volume, Platelet count and White Blood Cells). The
Swelab TMAlfaLyse 1504125 (Stockholm, Sweden) analyzer was
used for the Full Blood Count, after a control sample had been used
to standardize the analyzer. Hb phenotyping was done by cellulose
acetate electrophoresis.

Statistical analysis

Data were captured into an excel spreadsheet and analyzed with
Graph Pad Prism and EPI Info. Differences between the means of
the hematological indices were determined by student’s t-test. The
association between the groups of patients with different types of
SCD (HbSS and HbSC) and pain were assessed by Chi-square and
Fisher’s exact tests with Odds ratio and 95% Confidence interval.

Results

A total of 294 patients with sickle cell disease and 624 control
subjects were enrolled into the study. Those lost to follow up were
seven (7) patients and 36 control subjects to give a final patient
population of 287 (186 HbSS, (77 males, 109 females) 101 HbSC (32
males, 69 females) and 588 control subjects (518 males, 70 females).
Patients and control subjects lost to follow up declined later to
participate in the study. Details of the demographic variables for all
subjects are presented in Table 1. Subjects with HbSS genotype were
the youngest and had the least BMI (mean + SD; age: 25.1 + 12.8;
BMI: 19.9 + 3.5 p=0.0001) in the group. Subjects with HbSC genotype
were comparable in age to the controls although their BMI was also
lower (age: 32.0 = 13.7, 31.6 + 8.6; p=.0001; BMI: 22.2 + 5.1, 27.0 +
3.5, respectively). Out of the 588 control subjects, 100 were randomly
sampled for Hb phenotyping and were found to consist of HbAA
(63), HbAS (28) and HbAC (9). The age and BMI of these control
sub groups were similar. Patients with SCD were more likely to have
attained at least a secondary education than the control subjects,
HbSS vs controls, OR=6.2, 95% CI: 3.8-10.2 x*, p=.0001; HbSC vs
controls, OR=4.4, 95% CI: 2.4-8.2, p=0.0001.

The clinical manifestations and disease seen in the patients
at presentation to the clinic are presented in Table 2. Pain was the
most common clinical manifestation in both patients with HbSS and
HbSC (17.7% and 25.7% respectively). Nociceptive pain (aching,
sharp, throbbing, cramping and dull) accounted for 94.4% of pain
in the general SCD population in this study, with the rest being
neuropathic (shooting, tingling and burning). When all the clinical
manifestations were combined for patients with HbSS and HbSC
genotypes, patients with HbSS have a higher odds of having severe
disease, (OR=1.695, 95%CI: 1.035-2.776 p=0.036). With respect to
the location of pain, a hundred and sixty (160) subjects with SCD
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Table 2: Common clinical manifestations and disease in the SCD patients.

Clinical manifestation/disease HbSS ) n(%) HbSC,,,,, X
Body Pains 33(17.7) 26 (25.7) NS
Fever 13 (7.0) 7 (6.9) NS
Jaundice 11 (5.9) 3(3.0) NS
Dizziness 9 (4.8) 6 (5.9) NS
Chest Pains 6(3.2) 5(5.0) NS
Cough 4(2.2) 3(3.0) NS
Pallor 3(1.6) 2(2.0) NS
Disease
Malaria 26 (14.0) 8(7.9) NS
Leg Ulcer 5(2.6) 1(1.0) NS
Flu Like lliness 4(2.2) 1(1.0) NS

Table 3: TSK assessment of pain avoidance by fear of movement between
patients with HbSS and HbSC.

‘Model/Phenotype HbSS(n) HbSC(n) | p-value | Controls(n) P
Inferences from
‘ TSK 22.8+7.9 o, 18.746.8 | 0.0001 14.2+3.8 ' 0.0001

TSK; Tampa Scale of Kinesiophobia; HbSS: Hemoglobin SS mutant; HbSC:
Hemoglobin SC mutant

responded to the questionnaire. The most commonly indicated sites
were limbs (19.4%), back (lumber and sacral regions) (9.4%), head
and neck (8.1%), chest and ribs (5%), abdomen (0.63%) and general
body pains (6.9%). About 18.1% of the patients had no pain. Excluding
abdominal pain, musculoskeletal pain accounted for 81.3% of all pain
indications. Painful crises lasted between 3.5 hours to five days. In
the TSK Table 3 analysis, we observed that both patients with HbSS
and HbSC genotypes have significant fear of movement to avoid pain.
This pain avoidance strategy is higher in patients with HbSS genotype
(p=0.0001, 95% CI: 2.2 - 6.0).

The indices of hemolysis between patients with HbSS and those
with HbSC with respect to controls are presented in Table 4. In general,
patients with HbSS genotype were anemic with lower Red Blood Cells
(RBCs) count, Hematocrit and Hemoglobin concentrations; while
Mean Cell Volume (MCV), Mean Corpuscular Hemoglobin (MCH)
and Lactate Dehydrogenase (LDH) were elevated significantly, an
indication of hemolytic episodes. In addition White Blood Cells

Table 4: Indices of hemolysis in patients with SCD with respect to controls.

(WBCs) and Platelets were significantly elevated depicting an
inflammatory state. The intensity of pain by genotypes in relation
to the hematological profile is presented in Table 5. There were no
differences in the variables categorized by pain intensity for either
patients with HbSS or HbSC genotypes except for Platelets that were
significantly reduced in patients with mild pain in HbSS genotype,
p=0.0007).

Discussion

In the present study we interrogated some demographic profiles
of patients with SCD in Ghana and clinical variables associated with
pain. We determined that the population of patients with HbSS
genotype presenting at the SCD clinic are young, lean and relatively
well educated. In SCD both genetic and acquired factors contribute
to the variation in clinical conditions and hospitalizations [20,21].
Among the acquired factors, a patient’s socio-economic condition has
been identified as the most important. It is most probable that within
the Ghanaian setting, the relatively higher educational standard
of the patients points to a family background that is high earning
and therefore are conscious of a healthy life style. Previous reports
indicated that patients with HbSS variant are young but generally
have lower than normal anthropometric measurements [22,23]. In a
recent report from Brazil most of the patients with HbSS genotype
were found to have lower socioeconomic backgrounds contrasting
our findings. The relatively higher education of the subjects in
Ghana is also good for management as the patients can be guided
and informed on their participatory role to attaining a good quality
of life. Our study affirmed that SCA as opposed to HbSC disease
presents a severer disease condition characterized by anemia and
inflammation [24,16]. Considering that the patients with SCD had a
good BMI, major contributory factors to the anemic condition could
be hemolysis, loss of rbcs and inflammation [25,26]. In hemopoiesis,
the common myeloid progenitor gives rise to the megakaryocyte,
erythrocytes and myeloblast from which the wbcs are derived. The
myeloblast can also respond to a feed in from the common lymphoid
progenitor to increase WBC production in an inflammatory state [27].
So in the coexistence of anemia and elevated platelets and wbcs, as
seen in the present study, one could envisage a change in hemopoiesis
at the progenitor level (megakaryocyte erythrocyte progenitor and
common myeloid progenitor) towards increased megakaryocyte and

fClinical variable HbSS Patients n=186 HbSC Patients n=101 pggl-utigts) X Controls N=588 p—valsutﬁ(i:ti tCeosr:troI— p_valsltjjd(gr?trltzglss SC-

RBC (10%/L) 3.0£1.0 4.1+0.9 0 4.8+1.3 0 0

MCV(fl) 80.5+10.6 75.9+£10.0 0 82.2+27.8 0 0.025

MPV 7.8+2.4 7.9+0.7 0.683 8.6+£10.3 0.294 0.495
Hct(%) 23.25.2 31.316.9 0 39.2+15.5 0 0
PIt(10%/L) 456.0+313.4 255.3+182.6 0 220.0465.5 0 0
WBC(10°%L) 14.2+7.4 8.816.6 0 5.1+1.4 0 0
Hb(g/dL) 8.0+1.8 10.9+2.2 0 13.4+1.6 0 0
MCH(pg) 28.0+4.2 26.7+4.0 0.011 28.4+2.4 0 0

LDH 298.3+129.0 (19)* 166.8+81.5 (16)* 0.001 182.4+67.4 (21)* 0.001 0.528

*actual numbers used; JSCD: Sickle Cell Disease; SCA: Sickle Cell Anemia; HbSS: Hemoglobin SS mutant; HbSC: Hemoglobin SC mutant; RBC: Red Blood Cell;
MCV: Mean Cell Volume; MPV: Mean Platelet Volume; Hct: Hematocrit; Plt: Platelet; WBC: White Blood Cell; Hb: Hemoglobin; MCH: Mean Corpuscular Hemoglobin;
LDH: Lactate Dehydrogenase
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Table 5: Pain intensity by SCD genotype in relation to hematological indices.

RBC (N) MCV Het Plt WBC Hb
THbSC

No pain (0) 4.3+0.8 (22) 76.18.3 (22) 32.8+6.4 (22) 280.0£210.0 (22) 8.4+4.2 (22) 11.0£2.0 (22)
Mild (1-3) 4.1x0.8 (21) 74.8+11.7 (21) 31.3+5.4 (21) 251.1£122.6 (21) 8.4+3.2 (21) 11.1£1.9 (21)
Moderate (4-7) 3.9:0.6 (29) 78.66.7 (29) 30.8+4.1 (29) 236.8+95.6 (29) 8.2+3.6 (29) 10.8+1.3 (29)
Severe (8-10) 4.240.6 (25) 74.416 6 (25) 30.9+4.8 (25) 221.6+147.7 (25) 8.9+3.3 (25) 10.9+1.6 (25)
HbSS

No pain (0) 3.0£0.9 (35) 80.8+10.4 (35) 23.2+4.9 (35) 476.7+165.6 (35) 13.1+6.9 (35) 8.0+1.7 (35)
Mild (1-3) 2.8+0.7 (29) 80.8+9.9 (29) 22.0+4.6 (29) 411.3+243.5 (29) 13.3%5.0 (29) 7.6+1.5 (29)
Moderate (4-7) 3.0+1.5 (44) 80.8+13.0 (44) 22.3£5.5 (44) 487.9+249.2 (44) 15.249.8 (44) 7.6+1.9 (44)
Severe (8-10) 3.1£0.9 (59) 80.5+10.7 (59) 24.345.2 (59) 440.3+161.9 (59) 14.3%6.0 (59) 8.3+1.8 (59)
Controls (588) 4.8+1.3 82.2+27.8 39.2+155 220.0+65.5 5.1+1.4 13.4%16
Units 10%/L FI % 10°9L 10°9L g/di

{[SCD: Sickle Cell Disease; SCA: Sickle Cell Anemia; HbSS: Hemoglobin SS mutant; HbSC: Hemoglobin SC mutant; RBC: Red Blood Cell; MCV: Mean Cell Volume;
Hct: Hematocrit; Plt: Platelet; WBC: White Blood Cell; Hb: Hemoglobin; MCH: Mean Corpuscular Hemoglobin

leukocyte production respectively, driven by periodic inflammatory
conditions. As expected in anemic and inflammatory states, fever,
jaundice and leg ulcers were common in the patients with SCD.

Severe nociceptive musculoskeletal pain was the most prominent
presenting clinical manifestation in SCA. This indicates that
injury to muscle tissues, discs; nerves and ligaments are primary
conditions underlying the pain syndrome [28-30]. These injuries
increase the activation of inflammatory mediators and the response
to the injury [31] leading to pain. The inflammatory state in sickle
cell disease is driven by hemolysis, heme release and interactions
between sickledrbcs and wbcs that increase adhesion to the vascular
endothelium, vaso-occlusion and recurrent ischemia reperfusion
injury in multiple organs [32-34]. Ischemia reperfusion injury leads
to oxidative stress, increased expression of adhesion molecules
on the endothelium and release of platelet activating factor which
activates platelets and sustain inflammation [35]. The acute episodic
and chronic pain not only reduces life expectancy [36] but as in the
present study induces a disability in the patients in the form of fear
of mobility. The observed pain induced fear of mobility is particularly
interesting considering that the majority of the patients were young
and not affected by other conditions of disability that will normally
be associated with the elderly. In addition it is interesting that the
number of patients who complained of pain were lower in SCA than
in HbSC disease. These observations may relate to the severity of SCA
anemia as a whole with its attendant hemolytic and inflammatory
states compared to HbSC disease. As previously reported, it appears
that increased hemolysis correlates inversely with the number of
pain episodes [18,19]. The TSK scale is also known to correlate
not only with fear of movement and disuse but also to depression
[37]. Not surprisingly several reports, including the Pain in Sickle
Cell Epidemiology Study (PiSCES) present evidence of depression
in patients with sickle cell disease that relates to the totality of the
disease severity [38-41]. These call for standardized approaches on
care of patients with sickle cell disease that takes a holistic approach
on clinical presentation, including pain attributed fear of movement
and depression.

Conclusion

We conclude that pain is a significant index of disease in patients
with SCA in particular and efforts at involving patients in coping
strategies, pain mitigation and fear of movement are warranted.

Acknowledgement

The authors acknowledge the staff of the Sickle Cell Disease
Clinic, Korle-Bu Teaching Hospital for their assistance in patient
recruitment.

References

1. Hunter DJ. Gene-environment interactions in human diseases. Nat Rev
Genet. 2005; 6: 287-298.

2. Steinberg MH, Adewoye AH. Modifier genes and sickle cell anemia. Curr
Opin Hematol. 2006; 13: 131-136.

3. Bolke E, Scherer A. Sickle cell disease. CMAJ. 2012; 184: E201.

4. Bain BJ. Neonatal/newborn haemoglobinopathy screening in Europe and
Africa. J Clin Pathol. 2009; 62: 53-56.

5. Creary M, Williamson D, Kulkarni R. Sickle cell disease: current activities,
public health implications, and future directions. J Womens Health (Larchmt).
2007; 16: 575-582.

6. Pakbaz Z, Wun T. Role of the hemostatic system on sickle cell disease
pathophysiology and potential therapeutics. HematolOncolClin North Am.
2014; 28: 355-374.

7. Kato GJ, Hebbel RP, Steinberg MH, Gladwin MT. Vasculopathy in sickle cell
disease: Biology, pathophysiology, genetics, translational medicine, and new
research directions. Am J Hematol. 2009; 84: 618-625.

8. Steinberg MH. Pathophysiology of sickle cell disease. Baillieres Clin
Haematol. 1998; 11: 163-184.

9. Ballas SK. Currentissues in sickle cell pain and its management. Hematology
Am Soc Hematol Educ Program. 2007.

10. Ballas SK, Gupta K, Adams-Graves P. Sickle cell pain: a critical reappraisal.
Blood. 2012; 120: 3647-3656.

11. Taylor LE, Stotts NA, Humphreys J, Treadwell MJ, Miaskowski C. A review of
the literature on the multiple dimensions of chronic pain in adults with sickle
cell disease. J Pain Symptom Manage. 2010; 40: 416-435.

12. Anie KA, Steptoe A, Bevan DH. Sickle cell disease: Pain, coping and quality
of life in a study of adults in the UK. Br J Health Psychol. 2002; 7: 331-344.

Submit your Manuscript | www.austinpublishinggroup.com

J Blood Disord 3(1): id1037 (2016) - Page - 04


http://www.ncbi.nlm.nih.gov/pubmed/15803198
http://www.ncbi.nlm.nih.gov/pubmed/15803198
http://www.ncbi.nlm.nih.gov/pubmed/16567954
http://www.ncbi.nlm.nih.gov/pubmed/16567954
http://www.ncbi.nlm.nih.gov/pubmed/22184364
http://www.ncbi.nlm.nih.gov/pubmed/19103862
http://www.ncbi.nlm.nih.gov/pubmed/19103862
http://www.ncbi.nlm.nih.gov/pubmed/17627395
http://www.ncbi.nlm.nih.gov/pubmed/17627395
http://www.ncbi.nlm.nih.gov/pubmed/17627395
http://www.ncbi.nlm.nih.gov/pubmed/24589271
http://www.ncbi.nlm.nih.gov/pubmed/24589271
http://www.ncbi.nlm.nih.gov/pubmed/24589271
http://www.ncbi.nlm.nih.gov/pubmed/19610078
http://www.ncbi.nlm.nih.gov/pubmed/19610078
http://www.ncbi.nlm.nih.gov/pubmed/19610078
http://www.ncbi.nlm.nih.gov/pubmed/10872477
http://www.ncbi.nlm.nih.gov/pubmed/10872477
http://www.ncbi.nlm.nih.gov/pubmed/18024616
http://www.ncbi.nlm.nih.gov/pubmed/18024616
http://www.ncbi.nlm.nih.gov/pubmed/22923496
http://www.ncbi.nlm.nih.gov/pubmed/22923496
http://www.ncbi.nlm.nih.gov/pubmed/20656451
http://www.ncbi.nlm.nih.gov/pubmed/20656451
http://www.ncbi.nlm.nih.gov/pubmed/20656451
http://www.ncbi.nlm.nih.gov/pubmed/12614504
http://www.ncbi.nlm.nih.gov/pubmed/12614504

Quaye IK

Austin Publishing Group

1

w

16.

1

~

18.

20.

21.

2

N

23.

24,

2

[

26.

2

Ry}

. Ballas SK, Gupta K, Adams-Graves P. Sickle cell pain: a critical reappraisal.

Blood. 2012; 120: 3647-3656.

. Ashley-Koch A, Yang Q, Olney RS. Sickle hemoglobin (HbS) allele and sickle

cell disease: a HUGE review. Am J Epidemiol. 2000; 151: 839-845.

. Platt OS. Sickle cell anemia as an inflammatory disease. J Clin Invest. 2000;

106: 337-338.

Saraf SL, Molokie RE, Nouraie M, Sable CA, Luchtman-Jones L, Ensing
GJ, et al. Differences in the clinical and genotypic presentation of sickle cell
disease around the world. Paediatr Respir Rev. 2014; 15: 4-12.

. Nouraie M, Lee JS, Zhang Y, Kanias T, Zhao X, Xiong Z, et al. The relationship

between the severity of hemolysis, clinical manifestations and risk of death in
415 patients with sickle cell anemia in the US and Europe. Haematologica.
2013; 98: 464-472.

Taylor JG, Nolan VG, Mendelsohn L, Kato GJ, Gladwin MT, Steinberg
MH. Chronic hyper-hemolysis in sickle cell anemia: association of vascular
complications and mortality with less frequent vasoocclusive pain. PLoS
ONE. 2008; 3: €2095.

. Platt OS, Thorington BD, Brambilla DJ, Milner PF, Rosse WF, Vichinsky E,

et al. Pain in sickle cell disease. Rates and risk factors. N Engl J Med. 1991;
325:11-16.

Weatherall MW, Higgs DR, Weiss H, Weatherall DJ, Serjeant GR. Phenotype/
genotype relationships in sickle cell disease: a pilot twin study. Clin Lab
Haematol. 2005; 27: 384-390.

Amin BR, Bauersachs RM, Meiselman HJ, Mohandas N, Hebbel RP, Bowen
PE, et al. Monozygotic twins with sickle cell anemia and discordant clinical
courses: clinical and laboratory studies. Hemoglobin. 1991; 15: 247-256.

. Hyacinth HI, Gee BE, Hibbert JM. The Role of Nutrition in Sickle Cell Disease.

Nutr Metab Insights. 2010; 3: 57-67.

Natta CL, Reynolds RD. Apparent vitamin B6 deficiency in sickle cell anemia.
Am J Clin Nutr. 1984; 40: 235-239.

Steinberg MH. Genetic etiologies for phenotypic diversity in sickle cell
anemia. Scientific World Journal. 2009; 9: 46-67.

. Sankaran VG, Weiss MJ. Anemia: progress in molecular mechanisms and

therapies. Nat Med. 2015; 21: 221-230.

Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, et
al. A systematic analysis of global anemia burden from 1990 to 2010. Blood.
2014; 123: 615-624.

.Jagannathan-Bogdan M, Zon LI. Hematopoiesis. Development. 2013; 140:

2463-2467.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Omoigui S. The biochemical origin of pain: the origin of all pain is inflammation
and the inflammatory response. Part 2 of 3 - inflammatory profile of pain
syndromes. Med Hypotheses. 2007; 69: 1169-1178.

Konotey-Ahulu F. The sickle cell diseases. Clinical manifestations including
the “sickle crisis”. Arch Intern Med. 1974; 133: 611-619.

Bai G, Ren K, Dubner R. Epigenetic regulation of persistent pain. Transl Res.
2015; 165: 177-199.

Omoigui S. The biochemical origin of pain--proposing a new law of pain: the
origin of all pain is inflammation and the inflammatory response. Part 1 of 3--a
unifying law of pain. Med Hypotheses. 2007; 69: 70-82.

Aich A, Afrin LB, Gupta K. Mast Cell-Mediated Mechanisms of Nociception.
Int J Mol Sci. 2015; 16: 29069-29092.

Aslan M, Freeman BA. Redox-dependent impairment of vascular function in
sickle cell disease. Free Radic Biol Med. 2007; 43: 1469-1483.

Kaul DK, Hebbel RP. Hypoxia/reoxygenation causes inflammatory response
in transgenic sickle mice but not in normal mice. J Clin Invest. 2000; 106:
411-420.

Osarogiagbon UR, Choong S, Belcher JD, Vercellotti GM, Paller MS, Hebbel
RP. Reperfusion injury pathophysiology in sickle transgenic mice. Blood.
2000; 96: 314-320.

Platt OS, Brambilla DJ, Rosse WF, Milner PF, Castro O, Steinberg MH, et
al. Mortality in sickle cell disease. Life expectancy and risk factors for early
death. N Engl J Med. 1994; 330: 1639-1644.

Hudes K. The Tampa Scale of Kinesiophobia and neck pain, disability and
range of motion: a narrative review of the literature. J Can Chiropr Assoc.
2011; 55: 222-232.

Hasan SP, Hashmi S, Alhassen M, Lawson W, Castro O. Depression in sickle
cell disease. J Natl Med Assoc. 2003; 95: 533-537.

Katz T, Schatz JC. Overlapping biological mechanisms underlying sickle cell
disease, stress, and depression: a stress-vulnerability framework. Harv Rev
Psychiatry. 2014; 22: 205-215.

Anie KA, Green J. Psychological therapies for sickle cell disease and pain.
Cochrane Database Syst Rev. 2015; 5: CD001916.

Levenson JL, McClish DK, Dahman BA, Bovbjerg VE, de A Citero V,
Penberthy LT, et al. Depression and anxiety in adults with sickle cell disease:
the PiSCES project. Psychosom Med. 2008; 70: 192-196.

J Blood Disord - Volume 3 Issue 1 - 2016
ISSN 2379-8009 | www.austinpublishinggroup.com
Quaye et al. © All rights are reserved

Citation: Ababio GK, Acquaye J, Ekem |, Aleksenko L and Quaye IK. Variation in Pain and Clinical Indices among
Patients with Sickle Cell Disease in Ghana. J Blood Disord. 2016; 3(1): 1037.

Submit your Manuseript | www.austinpublishinggroup.com

J Blood Disord 3(1): id1037 (2016) - Page - 05


http://www.ncbi.nlm.nih.gov/pubmed/22923496
http://www.ncbi.nlm.nih.gov/pubmed/22923496
http://www.ncbi.nlm.nih.gov/pubmed/10791557
http://www.ncbi.nlm.nih.gov/pubmed/10791557
http://www.ncbi.nlm.nih.gov/pubmed/10930436
http://www.ncbi.nlm.nih.gov/pubmed/10930436
http://www.ncbi.nlm.nih.gov/pubmed/24361300
http://www.ncbi.nlm.nih.gov/pubmed/24361300
http://www.ncbi.nlm.nih.gov/pubmed/24361300
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3659937/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3659937/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3659937/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3659937/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2330070/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2330070/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2330070/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2330070/
http://www.ncbi.nlm.nih.gov/pubmed/1710777
http://www.ncbi.nlm.nih.gov/pubmed/1710777
http://www.ncbi.nlm.nih.gov/pubmed/1710777
http://www.ncbi.nlm.nih.gov/pubmed/16307540
http://www.ncbi.nlm.nih.gov/pubmed/16307540
http://www.ncbi.nlm.nih.gov/pubmed/16307540
http://www.ncbi.nlm.nih.gov/pubmed/1723971
http://www.ncbi.nlm.nih.gov/pubmed/1723971
http://www.ncbi.nlm.nih.gov/pubmed/1723971
http://www.ncbi.nlm.nih.gov/pubmed/21537370
http://www.ncbi.nlm.nih.gov/pubmed/21537370
http://www.ncbi.nlm.nih.gov/pubmed/6465055
http://www.ncbi.nlm.nih.gov/pubmed/6465055
http://www.ncbi.nlm.nih.gov/pubmed/19151898
http://www.ncbi.nlm.nih.gov/pubmed/19151898
http://www.ncbi.nlm.nih.gov/pubmed/25742458
http://www.ncbi.nlm.nih.gov/pubmed/25742458
http://www.ncbi.nlm.nih.gov/pubmed/24297872
http://www.ncbi.nlm.nih.gov/pubmed/24297872
http://www.ncbi.nlm.nih.gov/pubmed/24297872
http://www.ncbi.nlm.nih.gov/pubmed/23715539
http://www.ncbi.nlm.nih.gov/pubmed/23715539
http://www.ncbi.nlm.nih.gov/pubmed/17728071
http://www.ncbi.nlm.nih.gov/pubmed/17728071
http://www.ncbi.nlm.nih.gov/pubmed/17728071
http://www.ncbi.nlm.nih.gov/pubmed/4818434
http://www.ncbi.nlm.nih.gov/pubmed/4818434
http://www.ncbi.nlm.nih.gov/pubmed/24948399
http://www.ncbi.nlm.nih.gov/pubmed/24948399
http://www.ncbi.nlm.nih.gov/pubmed/17240081
http://www.ncbi.nlm.nih.gov/pubmed/17240081
http://www.ncbi.nlm.nih.gov/pubmed/17240081
http://www.ncbi.nlm.nih.gov/pubmed/26690128
http://www.ncbi.nlm.nih.gov/pubmed/26690128
http://www.ncbi.nlm.nih.gov/pubmed/17964418
http://www.ncbi.nlm.nih.gov/pubmed/17964418
http://www.ncbi.nlm.nih.gov/pubmed/10930444
http://www.ncbi.nlm.nih.gov/pubmed/10930444
http://www.ncbi.nlm.nih.gov/pubmed/10930444
http://www.ncbi.nlm.nih.gov/pubmed/10891467
http://www.ncbi.nlm.nih.gov/pubmed/10891467
http://www.ncbi.nlm.nih.gov/pubmed/10891467
http://www.ncbi.nlm.nih.gov/pubmed/7993409
http://www.ncbi.nlm.nih.gov/pubmed/7993409
http://www.ncbi.nlm.nih.gov/pubmed/7993409
http://www.ncbi.nlm.nih.gov/pubmed/21886284
http://www.ncbi.nlm.nih.gov/pubmed/21886284
http://www.ncbi.nlm.nih.gov/pubmed/21886284
http://www.ncbi.nlm.nih.gov/pubmed/12911250
http://www.ncbi.nlm.nih.gov/pubmed/12911250
http://www.ncbi.nlm.nih.gov/pubmed/24887328
http://www.ncbi.nlm.nih.gov/pubmed/24887328
http://www.ncbi.nlm.nih.gov/pubmed/24887328
http://www.ncbi.nlm.nih.gov/pubmed/25966336
http://www.ncbi.nlm.nih.gov/pubmed/25966336
http://www.ncbi.nlm.nih.gov/pubmed/18158366
http://www.ncbi.nlm.nih.gov/pubmed/18158366
http://www.ncbi.nlm.nih.gov/pubmed/18158366
https://www.researchgate.net/publication/302994281

	Title
	Abstract
	Abbreviations
	Introduction
	Materials and Methods
	Study subjects
	Demographics
	Pain assessment
	Blood collection and analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgement
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

