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Plain English Summary 
Patients with sickle cell anaemia usually have severe bone pains, which interfere with their daily activities. 
Generally, this is believed to be due to compromised blood supply to the affected bones because of the 

Abstract 
Objectives: Sickle cell anaemia is very common in tropical countries, and it is associated with severe bone pain 
crisis, which interferes with quality of life. The role of serum calcium and parathyroid hormone levels in the 
development of bone pains has not been fully explained. This study is designed to measure the serum level of 
calcium and parathyroid hormones in patients with sickle cell anaemia and compare them with healthy participants. 
Methods: A cross-sectional study was conducted in a tertiary hospital where patients with sickle cell anaemia 
attending the children's outpatient clinic were recruited. A questionnaire was used to obtain vital information from 
all participants, and blood levels of calcium and parathyroid hormone were measured. The results were compared 
between patients with sickle cell anaemia and the control group. 
Results: A total of 66 patients with sickle cell anaemia and 66 healthy control participants were recruited. The 
median (IQR) age at which sickle cell was diagnosed was 3 (1.9-7.3) years, and there were 14 (21%) patients who 
had other siblings living with sickle cell anaemia. Patients with sickle cell anaemia had lower levels of calcium (2.19 
vs 2.32 mmol/L), p< 0.01, and higher levels of parathyroid hormone (14.3 vs 13.3 pg/ml); p= 0.01 than the healthy 
control participants. 
Conclusions: The study showed that patients with sickle cell anaemia have lower serum calcium and higher 
parathyroid hormone levels. This may be associated with the bone pain they regularly experience  
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abnormalities in the structure and nature of their red blood cells. However, the role of calcium and 
parathyroid hormones, which are major regulators of activities in the bone have not been fully explained in 
the development of bone pains in patients with sickle cell anaemia. Thus, this study was done to measure 
the levels of blood calcium and parathyroid hormones in this group of patients and compare the values with 
those of healthy counterparts.  
This study found that patients with sickle cell anaemia have lower levels of blood calcium and higher levels 
of parathyroid hormone compared to their healthy counterparts. This relationship is usually associated with 
bone pains, even in other clinical conditions and is highly suggestive of a major contribution to bone pains 
in sickle cell anaemia. This makes a case for the consideration of calcium supplements and phosphonates 
in the prevention and management of bone pain crisis in patients with sickle cell anaemia.  
 
Background 
Sickle Cell Anaemia (SCA) results from a genetic 
mutation involving the β-subunit of the 
haemoglobin chain. The resulting red blood cell 
becomes abnormally sickle-shaped and 
characteristically prevents normal blood flow, 
especially in small blood vessels across different 
parts of the body (1). Although about 5% of the 
global population is healthy carriers of the sickle 
cell gene, it is estimated that over 300000 new 
births across the world have the severe types of the 
disease annually (2). Sub-Saharan Africa carries 
the highest disease burden, with the western and 
central regions of the continent dominating the 
prevalence rate. In 2021, Nigeria, Togo, Benin 
Republic, Equatorial Guinea, Burkina Faso and 
Sierra Leone together contributed up to 44% of the 
global incidence at birth, while the total figure 
generated from the entire sub-Saharan Africa was 
as high as 79% of the global burden (1). Other 
regions of the world with significant disease burden 
are the Caribbean, the Middle East and South Asia, 
which are traditionally known to be associated with 
a high burden of malaria disease.                              
In Nigeria, about four to six million people are 
estimated to have the sickle cell gene, making 
Nigeria the country with the highest number of 
affected individuals. Furthermore, the nationwide 
prevalence ranges between 1-3%, with up to 
150,000 newborns in Nigeria carrying the sickle cell 
trait, accounting for about 33% of the global 
disease burden (3). A population-level model 
estimated analysis published in 2021 showed that 
the national value for the under -5 mortality rate in 
children with sickle cell disease was 490 per 1,000 
livebirths, which was four times higher than for 
children with haemoglobin AA (4). 
Several complications are known to occur in 
patients with SCA. Aplastic crises usually present 
with a concurrent fall in the levels of both 
haemoglobin and reticulocyte count in affected 
patients (5, 6). Closely related to that is the 
haemolytic crises in which patients have an 
accelerated rate of haemolysis, and a 
compensatory rise in reticulocyte count (7). Vaso-

occlusive crisis, usually precipitated by 
dehydration, malaria, acidosis, infections, and low 
oxygen states, is one of the most common reasons 
patients with SCA present in the hospital (8).  
Sometimes the sickling occurs within organs, 
leading to the pooling of blood in those organs, thus 
interfering with their function and causing severe 
symptoms emanating from the affected organ. This 
is often referred to as a sequestration crisis 
occurring most commonly in the spleen and 
possibly the liver, with worsening anaemia (9). 
Bone pain is the commonest manifestation of the 
complications resulting from red cell sickling. The 
pain is usually very severe, mostly interfering with 
the physical activities of the sufferers (10). The pain 
originates from the ischaemic tissue injury that 
results from the occlusion of blood vessels by the 
sickled red blood cells (11, 12). The background 
necrosis following compromised blood supply is 
usually demonstrable on radiological films, and 
physical signs of inflammation, including swelling, 
redness, warmth and tenderness, are almost 
always present (13). However, most studies have 
been silent about the involvement of calcium and 
parathyroid hormone, which are primarily related to 
bones, in the initiation and progression of pain in 
patients with SCA (10, 11, 12). 
While a few studies have reported that SCA is 
associated with hypocalcaemia, there is a scarcity 
of reports on concurrent levels of parathyroid 
hormone (14, 15). However, secondary 
hyperparathyroidism, which is expected to correct 
the calcium deficit, is associated with pain (16). 
Although the mechanism for the pain is not 
expressly clear, the process of bone resorption is 
believed to be contributory. Even in patients without 
SCA, secondary hyperparathyroidism, which 
initiates bone resorption, is associated with pain in 
different parts of the body (17). This may be a major 
cause of the pain generally reported in patients with 
SCA. Thus, this study was designed to measure 
the levels of calcium and parathyroid hormones in 
patients with SCA. 
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Materials and Methods 
Study design and setting 
This was a cross-sectional study conducted at the 
children’s outpatient unit of the University Teaching 
Hospital, a tertiary hospital, between June and 
September 2024. 
 
Study population 
Participants in this study were patients with SCA 
attending the children’s outpatient clinic and 
healthy controls who were newly admitted high 
school students undergoing the pre-admission 
laboratory screening. Individuals with bone 
deformities, kidney disorders, previous thyroid 
surgery and those on medical emergencies were 
exempted from the study. The Sample size was 
determined using the formula for a cross-sectional 
study with quantitative variables. 
 
Data Collection 
Demography and clinical data were obtained from 
the participants using a structured questionnaire 
following informed consent by parents.  
 
Sample processing and laboratory analysis 
Three millilitres of blood sample was collected into 
gel separation tubes by venipuncture; samples 
were left to stand for at least two hours before 
centrifugation at 3000 radian/minute for 10 
minutes. The serum obtained was transferred into 
clean 1.5ml Eppendorf tubes for storage at -200 °C 
until laboratory analyses. Serum calcium was 
measured using the o-cresolphthalein method in 
the TECO-480 chemistry autoanalyser, while 
parathyroid hormone was measured using the 
enzyme‑linked immunosorbent assay technique 

according to the manufacturer’s instructions 
(Melsins Medicals, Changchun, China).  
 
Statistical analysis 
The effect of SCA on serum calcium and 
parathyroid hormone was determined by 
comparing values between patients and the 
healthy control group. Data were reported as 
median (interquartile range) and frequency 
(percentage), as appropriate. Comparison 
between the two groups was done using the Mann-
Whitney U test. Serum calcium values below 2.15 
mmol/L were considered as hypocalcaemia and 
categorised as mild to moderate if the value is 
between 1.9 and 2.14 mmol/L, and severe if the 
value is below 1.9 mmol/L (18). Logistic regression 
analysis was used to determine selected variables 
associated with hypocalcaemia, and the 
relationship between biochemical variables (serum 
Calcium and Parathyroid hormone) and the 
presence of bone pains; P-values less than .05 
were considered significant, and analysis was done 
using Statistical Package for Social Sciences 
(SPSS) analytical software version 26 (IBM 
Corporation, Armonk, NY, USA). 
 
Results  
A total of 132 participants were recruited for this 
study, and 83 (63%) were females. Sixty-six (50%) 
had SCA, while the remaining 66 (50%) formed the 
healthy control group. The median age of 
participants with SCA was 12 (8-18) years 
compared to 11 (10-13) years for the control group. 
In the SCA group, there were 43 (65%) females 
compared to 40 (61%) in the control group. Other 
comparative variables between the two groups are 
presented in Table 1.  

 
Table 1: Comparison of variables between participants with sickle cell anaemia and the healthy 

control group. 

Variables Sickle Cell Patients (n=66) Healthy Control (n=66) p-value 

Females, n (%) 43 (65%) 40 (61%) 0.59 
Age (years) 12 (8-18) 11 (10-13) 0.96 
Weight (kg) 28 (21-43) 39 (34-52) <.01 
Height (m) 1.46 (1.31-1.62) 1.54 (1.47-1.60) 0.02 
BMI (kg/m2) 13.4 (12.1 – 17.7) 16.9 (14.9 – 20.8) <0.01 
Serum Calcium (mmol/L) 2.19 (2.12-2.31) 2.32 (2.24-2.40) <.01 
Serum PTH (pg/ml) 14.3 (13.1-16.7) 13.3 (11.1-16.8) 0.01 
Serum Calcium levels groups 
< 2.15 mmol/L 
2.0 – 2.14 mmol/L) 
<1.9 mmol/L) 

 
 

23 (34.5%) 
19 (28.8%) 

4 (6.1%) 

 
 

10 (15.1%) 
10 (15.1%) 

0 (0) 

 
 

<.01 

N.B: Variables are reported in numbers (percentages) and median (interquartile range) 
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In the SCA group, the median (IQR?) age at 
diagnosis was 3 (1.9-7.3) years, and 54 (81%) 
were diagnosed at a secondary government 
hospital. Recurrent bone pain crisis was reported 
in 58 (88%) patients, and there were 14 (21%) 
patients who had other siblings living with SCA. 
The median number of hospitalisations from bone 
pain within a year was 2 (2-4) amongst the patients. 
Only one patient (1.5%) was not on routine 
medications, while 23 (35%) had received blood 

transfusions in the past during bone pain crises. 
There were 45 patients (68%) who reported 
significant restrictions in physical activities due to 
bone pains, and 4 (6.1%) who reported bone 
abnormalities. The quality of care received from 
families and carers was described as very good by 
24 (36%), good by 23 (35%), average by 7 (11%) 
and poor by 12 (18%) of the patients. These and 
other responses are presented in Table 2. 

 
Table 2: Patients' responses to questions about their sickle cell history 

Variables Frequency 

Median age at diagnosis of Sickle Cell (yrs) 3 (1.9-7.3) years 
Time from diagnosis 7 (3-14) years 
Patients who were diagnosed at the government hospital 54 (82%) 
Patients who have other siblings living with sickle cell anaemia 14 (21%) 
Patients with recurrent bone crisis 58 (88%) 
Patients who were hospitalised due to bone pains 45 (68%) 
Median number of hospitalisations from painful bone pain within a year 2 (2-4) 
Patients who have received blood transfusions in the past during the crisis 23 (35%) 

N.B Variables are reported as numbers (percentages) and median Interquartile range), 
 
Median (IQR) Serum calcium in the SCA group was 
2.19 (2.12-2.31) mmol/L compared to 2.32 (2.24-
2.40) mmol/L in the control group; p< 0.01. Median 
(IQR) Serum parathyroid hormone in the SCA 
group was 14.3 (13.1-16.7) pg/ml compared to 13.3 
(11.1-16.8) pg/ml in the control group; p = 0.01. 
There were 23 (34.8%) participants in the SCA 
group who had hypocalcaemia compared to 10 
(15.2%) participants in the control group; p< 0.01. 
In the SCA group with hypocalcaemia, 19 (28.8%) 

were mild to moderate, and 4 (6.1%) were severe, 
while all 10 (15.1%) participants in the control 
group had only mild to moderate hypocalcaemia 
(Table 1). 
Logistic regression analysis showed that the age, 
time from diagnosis, weight, height and BMI can 
independently predict hypocalcaemia, while sex, 
age at diagnosis and receiving blood transfusion 
did not show a significant relationship; Table 3.  

 
Table 3: Logistic Regression of factors associated with hypocalcaemia in patients with sickle cell 

anaemia 

variables Odds Ratio 95% Confidence Interval P-value 

Age (years) 1.081 1.014- 1.154 0.02 
Time from diagnosis (years) 1.096 1.022- 1.175 0.01 
Weight (kg) 1.060 1.020- 1.102 <.01 
Height (m) 1.052 1.017- 1.088 <.01 
BMI (kg/m2)    
Age at diagnosis (years) 0.979 0.858-1.118 0.76 

 
It also showed that having a low serum calcium 
level and a high PTH level are independent 
predictors of the presence of bone pains (Table 4). 
 
Table 4: Logistic Regression of the relationship between the biochemical factors and the presence 

of bone pans in patients with sickle cell anaemia 

Variables Odds Ratio 95% Confidence Interval P-value 

Serum Calcium 0.012 0.000 -03.683 0.03 
Serum Parathyroid Hormone 1.486 0.905 – 2.439) 0.01 
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Discussion 
In this study, the patients were diagnosed with 
sickle cell anaemia at the median (IQR) age of 3 (2-
7) years, mostly in government hospitals. About 
90% of the patients experienced bone pain up to 2-
4 times in one year, and 14 (21%) of them have 
siblings who also have sickle cell anaemia and 
experience similar pains. The serum calcium level 
was significantly lower, while parathyroid hormone 
was significantly higher in the patients with SCA 
than in the healthy control group. In addition, lower 
serum calcium levels and higher serum parathyroid 
hormone were associated with the presence of 
bone pains.   
The median age of sickle cell diagnosis was 3 (2-
7) years in the patient group. This is similar to what 
was reported by another study from a teaching 
hospital in Lagos, in this same region, where the 
age at diagnosis was 2 years and 3months (19). 
However, another study with a larger cohort, from 
a teaching hospital in Ibadan, within the same 
region, reported that the median age at diagnosis 
was 2.0 years (2.5 months - 14.0 years) (20). This 
is very important information, given the high 
prevalence of SCA in Nigeria, to foster early 
detection and management, as this study showed 
that the time from diagnosis can determine the 
development of low calcium levels. More so, many 
developing countries still depend on post-delivery 
diagnosis, due to the scarcity of technology which 
can make diagnosis before birth by testing a 
sample of amniotic fluid or tissue from the placenta. 
Most patients with SCA in this study experienced 
several episodes of bone pain within one year, and 
about a quarter of them have siblings who also 
have SCA and experience similar pains. The 
frequency of bone pains varies from one patient to 
another, depending on the presence of triggers like 
hypoxemia, dehydration and environmental 
temperature changes. However, some patients are 
reported to have up to 6 episodes within one year, 
while others may have as few as one or none in a 
one-year period (21). This has serious financial and 
social concerns for patients and other members of 
the family, especially in families where more than 
one child is affected. In a Nigerian study, more than 
50% of the families of affected patients reported 
that there were associated drop in financial stability 
and quality of care for other children due to 
treatment costs for the affected children (22). 
Lower calcium levels and more severe 
hypocalcaemia found in patients in this study 
indicate that SCA can be associated with these 
biochemical abnormalities. This is in agreement 
with the previous report of serum calcium in 
patients with SCA (23, 24). Hypocalcaemia may be 

a major contributor to the reduced lifespan of red 
cells in sickle cell patients, given the role calcium 
plays in maintaining membrane stability of red 
blood cells and their longevity in circulation (25, 
26). The reason for the hypocalcaemia has been 
attributed to the high influx of calcium into sickled 
red cells, which have dysfunctional Ca2+-Mg2+ 
ATPase and increased permeability for calcium 
(27). This is even more predominant during sickling 
crisis, apparently aggravating the hypocalcaemia 
and all the consequent symptoms associated with 
the condition (14). 
The parathyroid gland theoretically responds to low 
circulating levels of calcium in the blood by 
releasing parathyroid hormone, which stimulates 
calcium release from bones to correct the 
deficiency. Thus, it is not surprising to find that 
patients with SCA in this study had significantly 
higher values of parathyroid hormone compared to 
the healthy controls. Several other studies have 
reported similar findings, indicating the appropriate 
response to the usual hypocalcaemia in sickle cell 
patients (28, 29, 30). However, other studies have 
identified primary hyperparathyroidism as a 
possible finding in patients with SCA, but this is 
always accompanied by hypercalcaemia in 
affected patients. This subtype has been 
associated with aetiological factors like familial 
hypocalciuric hypercalcaemia and parathyroid 
adenoma that manifest with excessive secretion of 
parathyroid hormone (31, 32, 33). Treatment 
options include surgical removal of the parathyroid 
gland and hormonal replacement in very sick 
patients. 
Lower serum calcium levels and a higher 
parathyroid hormone level are found to be 
associated with the presence of bone pains in this 
study. The mechanism by which the parathyroid 
hormone restores serum calcium levels in 
response to a hypocalcaemic state includes the 
stimulation of osteoclast activity, leading to bone 
resorption to release calcium into the circulation 
(34). This action has been directly linked with the 
development of pathological bone and chronic 
bone pain, as osteoclast activities create an acidic 
microenvironment, which is noxious to the 
nociceptors in the bone, leading to pain 
development (35). This mechanism is similar to 
what occurs in the pains associated with bone 
cancers and other bone diseases. Evidently, 
reversal of osteoclastic activity by administration of 
bisphosphonates has led to significant pain 
reduction in patients with bone diseases (36). 
Moreover, a study reported a significant reduction 
in the markers of osteoclast activity following 
radiotherapy for patients with bone pains; this 
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reduction correlated with the resolution of the bone 
pains (37).  Thus, the osteoclastic activity following 
parathyroid hormone stimulation in response to low 
calcium levels in patients with SCA may be a major 
cause of the bone pain crisis, and this has been 
explained by previous studies (30, 35).     
There are a few limitations to this study. The 
participants are paediatric patients; the findings 
might not be entirely the same in adults. Secondly, 
most of the patients were recruited in their steady 
non-crisis state; the result may be different in 
situations of sickling crisis. In addition, the 
possibility of inadequate calcium consumption in 
meals was not considered in patients’ selection; 
both the test and control groups were similar in age 
and from the same population that shares a lot of 
similarities in diet. Also, adjusted calcium level with 
albumin was not done; this applied to both the test 
and the control group. Some of the patients may 
have haemoglobin S thalassemia, but it cannot be 
differentiated from haemoglobin SS due to the high 
technical expertise required. Lastly, Vitamin D 
receptor polymorphism, which is known to affect 
calcium homeostasis and bone health, was not 
measured in this study; it may have possibly 
contributed to the hypocalcaemia seen in the 
patients with SCA. 
 
Conclusion  
This study showed that SCA may be associated 
with low levels of calcium and high levels of 
parathyroid hormone. This biochemical status may 
be associated with the occurrence of bone pains in 
these patients. This makes a case for the 
consideration of calcium supplements and 
phosphonates in the prevention and management 
of bone pain crisis in patients with SCA.  
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