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Background: Inflammatory markers are increased during vaso-occlusive crisis (VOC) in adult 

patients with sickle cell anemia (SCA), but this is not clear in clinical steady state.

Aim: The present study aims to establish the frequency and intensity of bone pain episodes in 

adult patients with SCA in clinical steady state and to determine the correlation between differ-

ent inflammatory markers, other variables including QT dispersion (QTd) and pain frequency 

and intensity in SCA.

Patients and methods: Patients were classified into two groups: group 1, those with more than 

three hospital admissions in the last 6 months, and group 2, those with no hospital admission. 

Pearson correlation between variables such as body mass index (BMI), level of tumor necrosis 

factor (TNF-α), interleukin-1 (IL-1), C-reactive protein (CRP), hemoglobin (Hb), reticulocyte 

count, white blood cell count (WBC), ferritin, lactate dehydrogenase (LDH), parathormone 

(PTH), vitamin D3 (25-OH cholecalciferol) and bone pain frequency with severity was evaluated.

Results: Forty-six patients were enrolled in this study with a mean age of 18.47±5.78 years, 

with 23 patients in each group. Vitamin D3 and Hb were lower (17.04±5.77 vs 37.59±4.83 ng/L, 

P<0.01 and 7.96±0.3 vs 8.44±0.27 g/dL, P<0.01, respectively); the inflammatory markers 

showed significantly higher level of  TNF-α, IL-1 and CRP (56.52±5.43 pg/ml, 44.17±4.54 pg/ml 

and 3.20±0.72 mg/L, respectively, P<0.05); WBC, LDH and reticulocyte count were also significantly 

higher and the QTd was higher (45.0±2.22 vs 41.55±0.8 ms, P<0.05) in group 1 when compared with 

group 2. Pearson correlation coefficient showed significant positive correlation between serum level 

of TNF-α and bone pain frequency (r=0.414, P<0.005) and serum level of IL-1 (r=0.39, P<0.008).

Conclusion: There is a strong positive correlation between TNF-α, IL-1 and WBC and bone 

pain frequency in steady state in adult patients with SCA. CRP and low hemoglobin had weak 

positive correlation. QTd was significantly longer in patients who had hospitalizations with VOC.
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Introduction
Sickle cell anemia (SCA) is a hereditary hemolytic anemia where the synthesis of 

hemoglobin (Hb) is abnormal and the inheritance can be heterozygous (HbS) or 

homozygous (HbSS).

Homozygous patients with SCA often develop vaso-occlusive crises (VOCs) and 

recurrent episodes of hemolysis causing multi-organ infarction and dysfunction.1,2 

Complications can be of acute nature with chest syndrome, acute abdominal or bone 

pain syndrome, renal insufficiency and cerebral vascular accident.3

Bone pain in patients with SCA varies from acute clinical painful VOC or osteo-

myelitis to more chronic and debilitating disease, such as osteoporosis, osteopenia 
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and osteonecrosis, and chronic infections with impaired 

growth.4 Osteopenia may be asymptomatic but can cause 

pain, fractures, deformity and vertebral collapse requiring 

chronic analgesia or surgical interventions.5

Recurrent hemolytic anemia leads to bone marrow hyper-

plasia and subsequent bone deformity. Bone pain and other 

complications are a major source of morbidity in SCA and 

affect patients’ quality of life.6

Saleh et al showed a better understanding of the patho-

physiology of VOC. The interaction of red blood cells (RBCs) 

with endothelial cells, reaction with adhesion molecules, 

cytokines, polymorphonuclear neutrophils and platelets 

further clarified the understanding of the SCA manifesta-

tions.7 The clinical manifestations of SCA depend on the 

way of clinical assessment and patients enrolled in the study, 

ethnicity and geographical distribution.8 Many patients with 

SCA have high risks of osteopenia, osteoporosis including 

low body weight status, and vitamin D deficiency.9

QT dispersion (QTd) on electrocardiogram (ECG) 

was suggested as a marker of ventricular recovery times 

to distinguish between homogeneous myocardium and 

non- homogeneous myocardium in repolarization of myo-

cardium.10 It was defined as maximum QT interval minus 

minimum QT interval. The QTd value is in the range of 

10–70 ms with a mean of 29±26 ms in adolescents.11 It was 

shown to increase in various cardiac diseases including 

acute myocardial infarction, left ventricle hypertrophy of 

hypertension and congestive cardiac failure. Patients with 

dilated cardiomyopathy and the long QT syndrome indicated 

repolarization abnormality.12,13 One study claimed that QTd 

>40 ms has a sensitivity and specificity of 88% and 57%, 

respectively, for predicting the inducibility of sustained 

ventricular tachycardia during an electrophysiology study.14

The QTd has been evaluated for its prognostic role in 

patients with end-stage renal disease,  requiring hemodialysis, 

and diabetes.15–17

The low vitamin D3 status and the frequency and intensity 

of bone pain crises in children with SCA are well docu-

mented,6–9 but such a relationship is not clear in adult patients 

who may live until the fourth or fifth decade. Furthermore, 

the best predictor of adverse outcome in such disease entity 

is not obvious.

The present study aims to, 1) establish the frequency 

and intensity of bone pain crises in adult patients with SCA 

in Bahrain in clinical steady state with no VOC, and 2) 

 determine the correlation between different biomarkers and 

QTd in one perspective and pain frequency and intensity in 

SCA in another perspective.

Patients and methods
Study population
Forty-six adult patients (27 females) with SCA were stud-

ied, with a mean age of 12–40 years. The study was carried 

out from January 2013 to December 2013 (12 months), in 

Salmanyia Medical Complex. The patients were selected 

from the hematology clinic, and they  were compared with 

46 patients with bone pain but proven to be with no SCA.

Inclusion criteria
Patients were included if they were diagnosed with sickle cell 

disease (SCD) with homozygous hemoglobin (HbSS) using 

Hb electrophoresis and solubility screening test for sickling. 

Patient written informed consent to participate in this study 

was obtained. The study and protocols were approved by the 

Salmanyia Medical Complex Review Board.

Exclusion criteria
Patients with a history of acute chest pain in the last 3 weeks 

and blood disorders other than SCA were excluded. Patients 

with bone fracture, severe renal failure or hepatic failure or 

who had acute VOCs within 10 days prior to the enrollment 

were excluded.

Methods
Each patient gave a full medical history about the daily 

frequency of chest or bone pain, and previous hospitaliza-

tion within the last 12 months prior to the enrollment, and 

 medications. The weight and height were measured, and the 

body mass index (BMI) was calculated. Patients were defined 

to be in a steady state if they had no history of blood transfu-

sion during the last 4 months, no history of intercurrent illness 

such as infection and inflammation during the last 4 weeks 

and no treatment with medications such as antibiotics that 

may affect the blood counts during the last 3 weeks.

Blood samples were obtained at base line, 1 month and 

3 months after enrollment to determine the level of tumor 

necrosis factor-α (TNF-α), interleukin-1 (IL-1), C-reactive 

protein (CRP), Hb, reticulocyte count, lactate dehydrogenase 

(LDH), vitamin D3, parathormone (PTH) and serum ferritin. 

Patients were examined clinically for bone pain or tenderness 

in the peripheral joints, chest or vertebrae within the last 

2 days prior to assessment.

Every patient was provided with a booklet for record-

ing the frequency of bone or muscular pain on a daily basis 

and marking the intensity of pain with the visual analog 

scale (VAS) with the following color coding of five grades: 

grade 1: white color, 1–2/10 points, grade 2: green color, 
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3–4/10 points, grade 3: yellow color, 5–6/10 points, grade 4: 

orange color, 7–8/10 points and grade 5: red color, 9–10/10 

points.16 The frequency and severity of bone pain were tabu-

lated on a daily basis, then weekly basis and on a monthly 

basis for 3 months. The frequency and severity of pain were 

calculated as the mean per month ± SD.

The severity of pain was defined as follows: 1: mild, if 

the color code noted is white or green, 2: severe, if the color 

code is red or orange, and 3: moderate severity, if the color 

code is yellow.

Serum level of vitamin D3 was measured using commer-

cially available vitamin D kits  (Chromsystems Instruments 

& Chemicals GmbH, Gräfelfing, Germany). Quantification 

of PTH in serum was performed by enzyme-linked immu-

nosorbent assay (Creative Diagnostics, Shirley, NY, USA). 

Serum TNF-a and IL-1 levels were measured using the 

enzyme-linked immunosorbent assay technique (enzyme-

amplified sensitivity immunoassay kits; BioSource Europe 

SA, 8 B-1400, Nivelles, Belgium).

The 46 patients enrolled in the study were classified into 

two groups: group 1, those with more than three hospital 

admissions in the last 6 months, and group 2, those with no 

hospital admission. All patients had a 12-lead ECG.

QT interval was corrected for heart rate (QTC), and  the 

K value was 0.415 for women and 0.397 for men, as modi-

fied by Shipley and Hallaran.18,19 The ECG was recorded at 

a speed of 25 mm/s. The value of QTd was a mean of three 

calculated values on V1 to V6 chest leads. The methods of 

QTd calculation were as previously reported.20

Statistical analysis
The  statistical analysis software package (IBM SPSS 

 Statistics for Windows, version 21.0; IBM Corp., Armonk, 

NY, USA) was used for data analysis. Clinical characteris-

tics and biometric data of patients with SCA and the normal 

population are presented as mean ± SD. Student’s t-test was 

used to compare the mean difference between two groups 

with SCA and the control. QTd interval was adjusted for 

body surface area in all the patients.

The correlation between different variables and the fre-

quency and severity of bone or muscular pain was performed 

using Pearson correlation coefficient. P<0.05 was considered 

as statistically significant.

Results
This study included 46 patients with SCA, with a mean age 

of 18.47±5.78 years (range 12–40) of whom 27 (60%) were 

females.

Table 1 summarizes the clinical and biometric char-

acteristics of patients with SCA compared with age- and 

gender-matched normal population. Patients with SCA 

had significantly lower Hb (8.73 vs 9.98 g/dL, P<0.001) 

and vitamin D3 (21.11 vs 47.02 ng/mL, P<0.001) levels. 

Furthermore, there were higher levels of ferritin (317.35 

vs 80.09 ng/mL, P<0.001), white blood cell count (WBC; 

10.80±2.04 vs 6.60±0.84 109/L, P<0.01), reticulocyte (6.2 

vs 2.08%, P<0.001), LDH (485.36 vs 195.95 U/L, P<0.001) 

and PTH (68.96 vs 41.56 pg/mL, P<0.001).

The inflammatory markers in SCA were significantly 

higher for TNF-α: 46.78±11.75 vs 32.78±6.06 pg/mL, 

P<0.01, IL-1: 37.00±9.0 vs 26.04±6.08 pg/mL, P<0.01 

and CRP: 2.61±0.85 vs 0.87±0.26 mg/L, P<0.01 compared 

with the control; likewise, QTd was higher (43.31±2.41 vs 

39.16±2.09 ms), and QTC was higher but with no significant 

statistics.

Table 2 summarizes the clinical and laboratory findings 

data of patients with SCA in group 1 who had more than 

three hospitalizations and group 2 with no hospitalization.

The patients in group 1, compared with group 2, had 

significantly higher pain frequency per month (46±11.71 vs 

39±5, P<0.017), with lower vitamin D3 in blood (17.04±4.06 

vs 37.59±4.83 ng/mL).

Furthermore, the WBC, LDH and reticulocyte count 

were significantly higher in group 1 compared with group 

2. The inflammatory markers showed significantly higher 

Table 1 Demographic data of patients with SCA compared with 
control

Biometric marker SCA patients,  
n=46

Control,  
n=46

P-value 

Age, years 18.47±5.78 18.5±5.55
Gender, female 27 28
Vitamin D3, ng/mL 27.09±11.28 59.07±28.97 <0.001
LDH, U/L 324.11±97.32 166.53±27.44 <0.001
WBC, 109/L 10.80±2.04 6.60±0.84 <0.001
Hemoglobin, g/dL 8.19±0.38 12.40±1.39 <0.001
PTH, pg/mL 6.04±0.66 3.54±0.44 <0.001
Reticulocyte, % 5.25±1.02 2.14±0.67 <0.001
TNF-α, pg/mL 46.78±11.75 32.78±6.06 <0.001
IL-1, pg/mL 37.00±9.00 26.04±6.08 <0.001
CRP, mg/L 2.61±0.85 0.87±0.26 <0.001
QTC, ms 426.31±19.69 423.98±18.7 0.437
QTd, ms 43.31±2.41 39.16±2.09 <0.001
Ferritin, ng/mL 348.71±127.73 70.20±6.39 <0.01
Heart rate, BPM 73.29±6.56 69.29±5.1 <0.08

Note: Data are presented as mean ± SD except for Gender which is presented as number.
Abbreviations: BPM, beats per minute; CRP, C-reactive protein; IL1, interleukin 
1; LDH, lactate dehydrogenase; ms, millisecond.; PTH, parathormone;  QTC, 
corrected QT; QTd, QT dispersion; SCA, sickle cell anemia; TNF-α, tumor necrosis 
factor-alpha; WBC, white blood cell count.
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levels of TNF-α, IL-1 and CRP (56.52±5.43 vs 36.59±6.76 

pg/ml, P<0.0144; 17±4.54 vs 29.5±5.74 pg/m, P<0.05; and 

3.20±0.72 vs 1.99±0.41 mg/L, P<0.05, respectively) in group 

1 compared with group 2.

Patients in group 1 compared with group 2 had a signifi-

cantly higher QTd on ECG with a QTd interval of 45.00±2.22 

vs 41.55±0.80 ms, P<0.05.

The frequency of bone pain per month over 6 months was 

46.39±11.71 vs 39.64±5.21, P<0.017, in group 1 compared 

with group 2.

The intensity of pain recorded in a daily diary using color 

code of VAS is depicted in Figure 1 for both groups. The pain 

frequency per month in group 1 was observed to be severe in 

27, moderate in ten and mild intensity in nine patients, while 

in group 2, the intensity was severe in 12, moderate in eight 

and mild in 19 patients.

The Pearson correlation coefficient showed significant 

positive correlation between the high serum level of TNF-α 

and bone pain frequency (r=0.414, P<0.005). Also, the serum 

level of IL-1 was positively correlated with pain frequency 

(r=0.39, P<0.008).

The Pearson correlation coefficient showed no significant 

correlation between a high level of WBC and pain frequency 

(r=0.258, P=0.107), and also PTH (r=0.216, P=0.153), fer-

ritin (r=0.289, P<0.054) and CRP (r=0.049, P=0.747). Fur-

thermore, both low level of Hb as well as BMI had  negative 

correlations (r=0.244, P=0.107; and r=0.196, P=0.263), 

respectively.

Discussion
Acute pain is a common clinical manifestation of SCA and 

patients seek medical attention; however, some of these epi-

sodes are short-lived and are managed at home.21,22 Frequency 

of pain peaks between the age of 19 and 39 years; the higher 

frequency of pain is associated with a higher mortality rate in 

patients over age 19 years.23 In one report, pain in SCA was 

assessed using  the data recorded in a daily diary by adults 

with sickle cell disease.24

In this study, bone pain frequency and intensity were 

significantly higher among those with lower Hb. A painful 

event without seeking hospital care was the norm rather than 

the exception. A similar discrepancy between home-managed 

pain and hospital treatment has been observed in pediatric 

patients.21 The episodes of pain can affect any area of the 

body, with the back, chest and extremities, but the abdomen 

being most commonly affected; the pain severity can range 

from trivial to excruciating.

The intensity of bone pain in adult patients with SCA 

was assessed and analyzed using VAS with color coding. 

Patients in group 1 in steady state had significantly more pain 

frequency per month compared with patients in group 2, and 

the intensity of severe pain episodes was higher in group 1 

(27/56; 58.7%) compared with (12/39; 30.7%) in group 2.

Clinical characteristics of adult patients with SCA 

compared with those without the evidence of lower Hb and 

higher reticulocyte and LDH indicate a state of long-standing 

increment of hemolysis. These findings are consistent with 

other previous reports where the mean Hb and hematocrit 

concentrations were 7.9 g/dL and 22.9%, respectively, with 

an absolute reticulocyte count of five times the normal.25

Table 2 The mean of biochemical and hematological and 
electrocardiographic data between group 1 and group 2 in adult 
patients with SCA

Biometric marker Group 1,  
n=23

Group 2,  
n=23

P-value 

Mean of pain frequency  
per month

46.39±11.71 39.64±5.21 0.017

Age, years 17.57±5.77 19.41±5.77 <0.01
Body mass index, kg/m2 23.40±3.60 29.54±4.09 <0.01
Vitamin D3, ng/mL 17.04±4.06 37.59±4.83 <0.01
LDH, U/L 397.00±65.82 274.91±58.34 <0.01
WBC, 109/L 12.30±1.46 9.23±1.19 <0.01
Hb, g/dL 7.96±0.3 8.44±0.27 <0.01
Platelets, 109/L 344.00±53.71 243.27±28.01 <0.01
Reticulocyte, % 6.07±0.61 4.40±0.54 <0.01
TNF-α, pg/mL 56.52±5.43 36.59±6.76 <0.01
IL-1, pg/mL 44.17±4.54 29.5±5.74 <0.05
CRP, mg/L 3.20±0.72 1.99±0.41 <0.05
QTd, ms 45.00±2.22 41.55±0.80 <0.05
Ferritin, ng/dL 339.78±65.949 207.91±7.39 <0.001

Note: Data are presented as mean ± SD.
Abbreviations: CRP, C-reactive protein; QTd, QT dispersion; HB, hemoglobin; IL-
1, interleukin-1; LDH, lactate dehydrogenase; SCA, sickle cell anemia; TNF-α, tumor 
necrosis factor-alpha; WBC, white blood cell count.
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Figure 1 The mean of pain frequency per month for the two groups (1 and 2) in 
patients with SCA and pain intensity using VAS.
Abbreviations: SCA, sickle cell anemia; VAS, visual analog scale.
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When the Hb level was <7.9 g/dL, there was a weak posi-

tive correlation with bone pain frequency on VAS, and with 

severe intensity in the absence of  VOC, or in the steady state.

It seems that adult patients with SCA in steady state had 

a continued low grade of RBC hemolysis that contributes 

significantly to higher serum LDH, as evidenced in the pre-

vious report of definitive chromium radiolabeling red cell 

survival studies,26 and by several other authors where LDH 

level increases as Hb level decreases,27–29 accompanied by 

increased LDH due to lysis of cells from other organs as well.

WBC was significantly higher in steady state in adult 

patients with SCA in group 1 compared with group 2, which 

supports the theory of the baseline inflammatory status in 

this group of patients. In one report, patients with SCA had 

WBCs higher than normal, particularly under the age of 

18 years. The elevated WBC is linked to the pathophysiol-

ogy of sickle cell disease and increases the morbidity in this 

group of patients.30

Vitamin D3 was significantly lower in patients in group 1 

compared with group 2. This may explain partially the 

increase in pain frequency and intensity in group 1. One 

recent report showed association of increased inflammatory 

markers and vitamin D3 deficiency in SCA.31 Ferritin level 

was significantly higher among patients in group 1 versus 

group 2, which highlights the long-term outcome in patients, 

due to multiple blood transfusions in group 1. In a previous 

report, high serum ferritin level had poor prognostic adverse 

outcome in such a group of patients.32,33

The QTd was significantly longer in group 1 indicating 

the more heterogeneity of the QT interval, which leads to 

more arrhythmia and adverse outcomes. This is consistent 

with a recent report where both QTC and QTd were sig-

nificantly higher in SCA in addition to abnormal cardiac 

autonomics.34

In a study by Fu et al,35 QTd of repolarization was deter-

mined to be the main electrophysiological cause for sudden 

death in patients with ischemic heart disease and dilated 

cardiomyopathy.

The three inflammatory markers, namely, CRP, IL-1 and 

TNF-α were significantly higher in group 1 compared with 

group 2. This was in agreement with other trials, as patients 

with SCA were observed to have higher TNF-α, IL-1 and 

CRP levels that were related to increased frequency of pain 

in the steady state.36–38

In one report, there was an inverse relation between 

vitamin D3 level and the TNF-α level that may be associated 

with endothelial dysfunction in steady state with activa-

tion of monocyte that plays a role in the pathophysiology  

of VOC in SCA.39 So, what seems a steady state is actually  

a misnomer of the interval between severe VOC, where 

patients had biochemical and microvascular occlusion that is 

insufficient to cause the full overt tissue infarction of severe 

painful crisis,40 but it is responsible for a low sub-acute state 

of low pain status that is below the threshold of precipitat-

ing crises.

In one study, the inflammatory marker, CRP, was estab-

lished as the most significant correlate of hospitalizations for 

painful episodes, whereas markers of increased hemolytic 

status, such as endothelial activation and coagulation acti-

vation, correlated positively with VOC events by univariate 

analysis.41

Over recent years, the role of CRP as a plasma biomarker 

for low-grade systemic inflammation has been intensely 

investigated for its predictive associations with adverse 

outcomes in vascular diseases, such as cardiovascular42 and 

peripheral arterial diseases.43

Many studies have shown altered proinflammatory cyto-

kine levels in the plasma of patients with SCA during both 

steady state and acute VOC,44,45 but no consistent pattern of 

cytokines involvement in SCA has emerged that correlates 

with specific clinical outcomes. However, these cytokines, 

in turn, could be responsible for driving the low-grade or 

chronic inflammatory response, evidenced by the presence of 

mild–moderate, baseline elevations of acute phase reactants, 

such as CRP.46

These results highlight the clinical relevance of inflam-

mation in microvessel occlusive complications and provide 

a basis for further evaluation of TNF-α and IL-1 as potential 

biomarkers for predictive clinical outcomes in adult patients 

with SCA, and for the future trials of anti-inflammatory 

therapies as primary treatment of patients with SCA.

The findings presented in this study should be interpreted 

cautiously as there are a wide variety of major contributions 

to the pathogenesis of SCD.

The results confirm previous reports in the field but they 

do not represent a step forward in the field of SCD. They 

support the view that the chronic inflammatory response is 

an ongoing process not only during crises but also during 

steady-state conditions.

Conclusion
There is a strong positive correlation between the inflam-

matory biomarkers, TNF-α, IL-1 and WBC, and bone pain 

frequency in steady state in adult patients with SCA. QTd is 

significantly longer among patients with SCA who had more 

than three hospitalizations over a 6-month interval.
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