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ABSTRACT
Background: Sickle-cell anemia is characterized by defective hemoglobin synthesis with production of sickle
hemoglobin. Sickle red blood cells become deformed and rigid with difficulty to pass through narrow capillaries
and frequent clotting and thrombosis leading to repetitive vascular occlusions and progressive organ damage.
We conducted this work to study some adrenal functions using ACTH stimulation test in Egyptian children with
sickle cell anemia in correlation with iron overload.
Methods: This study was conducted on 60 children with sickle cell anemia who were attendants of
Hematology unit, Pediatric department, Tanta university hospital in the period from April 2012 to May 2014
including 34 males and 26 females with their age ranging from 5-17 years and main age value of 13±2.9 in
comparison with 30 healthy children matched for age and sex as a control group. For all patients the following
were done: Complete blood count, Hb electrophoresis, serum ferritin, iron, iron binding capacity, sodium and
potassium, random blood glucose, thyroid functions , morning basal cortisol levels and adrenocorticotrophic
hormone stimulation test.
Results: There was significantly lower basal morning cortisol in patients than controls (mean value in patients
were 8.78±3.53 ug/dl compared with 11.79±2.32 ug/dl in control group with p value of 0.021). No significant
differences in adrenocorticotrophic hormone stimulation test between patients and controls were detected.
(Mean value in patients were 23.078±3.709 ug/dl compared with 24.492±5.006 ug/dl in control group with p
value of 0.389). Significant negative correlation was found between serum cortisol and ferritin in patients
group (r= 0.625 and p value =0.003)
Conclusion: There was significantly lower basal morning cortisol in sickle-cell anemia patients with significant
negative correlation with iron overload so regular follow up to adrenal functions to detect any adrenal
impairment, as SCD patients are vulnerable to adrenal hypo function, is recommended.
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INTRODUCTION
Sickle-cell disease anemia is an inherited
hemoglobin disorder characterized by defective
hemoglobin synthesis with production of an
abnormal form of hemoglobin, known as sickle
hemoglobin (Hb S).1
HbS is caused by mutation in β-globin gene in
which the 17th nucleotide is changed from thymine

to adenine and the sixth amino acid in the β-globin
chain becomes valine instead of glutamic acid; this
disrupts RBCs architecture and flexibility and
promotes cellular dehydration, with physical and
oxidative cellular stress.2
Endocrine and metabolic disorders may occur in
sickle cell anemia and have multifactorial causes
including tissue hypoxia, chronic anemia and iron
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overload. Endocrinal manifestations include growth
delay, osteopenia and hypogonadism, diabetes
mellitus, thyroid and adrenal disorders.3 Patients
with sickle cell disease have higher risk of
developing adrenal insufficiency than the general
population.4
Aim of the work
The aim of this work was to study adrenal
functions using basal morning cortisol levels and
ACTH stimulation test in children with sickle cell
anemia in correlation with iron overload.
SUBJECTS AND METHODS
This study was done after approval from ethical
committee of research center of Tanta University
and written consent from the parents of all children
included in this study and was conducted on 60
children with sickle cell anemia (Hb SS) with serum
ferritin more than 1000 ng/ml under follow up in
Hematology unit, Pediatric department, Tanta
University in the period from April 2012 to May
2014 including 34 males and 26 females with their
age ranging from 5-17 years and main age value of
13±2.9 years and 30 healthy children as a control
group including 16 males and 14 females with their
ages ranging from 7-17 years and mean age value of
11.7±3.19 years.
Exclusion criteria
Children who received hormonal treatment.
All patients and control groups were subjected to
the following
a) Complete history taking: with special account on
manifestations of insufficient cortisol production as
muscle weakness, fatigue and increased skin
pigmentation and transfusion regimen.
b) Thorough clinical examination with special
account on: Anthropometric measurements: weight
and height, pallor, jaundice, splenomegaly,
hepatomegaly and manifestations of adrenal
dysfunctions.
Laboratory investigations
Specimen collection and handling
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Five ml of venous blood were collected using
sterile needles through gentle venipuncture after
sterilization of puncture site by alcohol, and
collected samples were divided into; 2 ml was
delivered on 20 uL EDTA solution for complete
blood count using ERMA PCE-210 N cell –counter 5
and hemoglobin electrophoresis, 6 the rest of blood
was put in a plain tube that was allowed for clotting
and then centrifugation at 1500x for 10 minutes
was performed. Separated serum was used for
assessment of serum ferritin, serum iron and total
iron binding capacity, serum sodium, serum
potassium, random blood glucose, thyroid
functions, basal morning cortisol levels and
adrenocorticotrophic hormone (ACTH) stimulation
test.
Determination of serum iron status
Including serum iron according to procedure
recommended from Biomaghreb company,7 serum
total iron binding capacity (TIBC) according to
procedure recommended from Biomaghreb
company8 and serum ferritin levels by ELIZA [DRG®
Ferritin ELISA (EIA-4292)].9
Determination of basal serum cortisol levels and
ACTH stimulation test
Baseline
cortisol
was
determined
by
electrochemiluminescence immunoassay “ECLIA”
using Elecsys and cobas immunoassay analyzers;10
then ACTH (synactin or cosyntropin) 5 µg/kg IV or
IM was injected to the patients and 1ml blood was
collected after 1 hour and allowed for complete
clotting. Centrifugation then was done and
separated serum was used to measure cortisol
level. Rise in cortisol level to more than 18 ug/dl
within 60 minutes demonstrates normal results
while rise to less than 18 ug/dl demonstrates an
abnormal response. If the adrenal glands were not
adequately stimulated in response to ACTH, the
patient has suppressed adrenal glands. An elevated
baseline ACTH level suggests primary adrenal
failure.11
Determination of thyroid function tests
Including Free T3, Free T4 and TSH.12
Statistics
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Statistical presentation and analysis of the
present study was conducted, using the mean,
standard error, student t- test, Chi-square, Linear
Correlation Coefficient tests by SPSS V17.
RESULTS
There were no significant differences between
patients and controls regarding age, sex, but there
were significant differences between patients and
controls regarding family history, consanguinity,
weight, height and body mass index (BMI) with
higher consanguinity rates and positive family
history and lower body weight, height and BMI in
patients compared with control group Table 1.
Table 1: Demographic data and anthropometric measurements in
patients and controls
Patients
(no=60)

Controls
(no=30)

X2

P-value

Table 2: Clinical data in studied patients
Clinical data

Number of
patients (%)

Pallor

54 (90%)

Jaundice

39 (65%)

Hepatomegaly

60 (100%)

Splenomegaly

24 (40%)

Autosplenectomy

36 (60%)

Age of 1st transfusion in months : Range (mean)

9 -72 (24 ± 13.)

Frequency of blood transfusion
Every 2 weeks

6 (10%)

Every 3-4weeks

12 (20%)

Every more than 4 weeks

42 (70%)

Interval of transfusion in weeks: Range (mean)

2 -28 (4.09 ± 2.65)

Skin pigmentations

12 (20%)

Cholecystectomy

6 (10%)

Leg ulcer

6 (10%)

Sickle cell crisis

18 (30 %)
3 (5 %)

Age (Years)
Range
Mean ±SD

5-17
13±2.90

7-17
11.7±3.199

1.119

0.273

Stroke

Sex
Males
Females

32 (53.33%)
28 )46.6)

16 (53.33%)
14 )46.6)

0.068

0.794

with mean interval of 4.09 ± 2.652 weeks (Table 2).

Family history of
SCA
Positive
Negative

26 (43.3%)
34 (56.6%)

30 (100%)

21.538 X2

<0.001*

20 (33.33%)
40(66.66%)

24(80%)
6 (20%)

8.552

0.003*

21-59
41.1±10.686

26-60
49.8±9.807

2.158

0.039*

Height (cm)
Range
Mean ±SD

121-156
140±10.705

126-165
149±5.195

2.361

<0.025*

BMI (%)
Range
Mean ±SD

11.7-20
15.30±2.72

13.5-23.6
18.09±3.56

-2.776 t

0.008*

Consanguinity
Negative
Positive
Weight (kg)
Range
Mean ±SD

*Significant: P<0.05. SCA: Sickle cell anemia, BMI: Body mass index

Pallor and jaundice were the most common
presenting symptoms while hepatomegaly and
splenomegaly were the most common presenting
signs in patients group and most of studied patients
received blood transfusion every more than 4
weeks (Table 2). The age of 1st transfusion in
studied patients ranged from 9-72 months with
mean age of first transfusion of 24 ± 13.081 months
and interval of transfusion ranged from 2- 28 weeks

There were significantly lower red blood cells
(RBCs), hemoglobin (Hb), and significantly higher
reticulocytes, platelets and white blood cells (WBCs)
in patients than control group and no significant
differences in mean corpuscular volume (MCV) and
mean corpuscular hemoglobin (MCH) between
patients and control group (Table 3).
There were significantly lower total iron binding
capacity, mean serum sodium and basal morning
serum cortisol levels and significantly higher serum
ferritin, iron, potassium in patients than control
group and no significant differences between
patients and control group regarding random blood
glucose and adrenocorticotrophic hormone
stimulation test (Table 4).
There was significant negative correlation between
serum ferritin and serum cortisol levels in SCD
patients (Table 5 and Figure 1).
There were no significant differences in thyroid
hormones (FT3, FT4 and TSH) between patients and
controls but hypothyroidism was detected in three
patients (5%) (Table 6).
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Table 3: Comparison between patients and controls regarding CBC parameters
Patients (no=60)

Controls (no=30)

X2

2.3-3.5
2.70 ± 0.69

4.1-4.5
4.35 ± 0. 55

10.78

<0.001*

6.3-10
7.945±0.92

11.4-12.4
11.9±0.31

-17.381

0.000*

77.5-93
80.6±.83

82.9-95
88.39±10.88

1.976

0.058

27-30
27.25±4.34

27.4-32
29.96±5.51

1.474

0.152

WBCs (cells/mm³)
Range
Mean ± SD

8-20
14.9±3.291

7-10
9.34±1.34

6.195

<0.001*

Platelets (thousands/mm3)
Range
Mean ± SD

160-688.8
359.6±32.4

150-430
292±18.75

-3.5

0.030*

Reticulocytes (%)
Range
Mean ± SD

1.2-7.2
4.095±1.723

0.5-1.5
0.920±0.326

7.962

<0.000*

RBCs (million cell/mm³)
Range
Mean ± SD
Hb (g/dl)
Range
Mean ± SD
MCV (fl)
Range
Mean ± SD
MCH (pg)
Range
Mean ± SD

P-value

*Significant (P<0.05), CBC: Complete blood count, RBCs: Red blood cells, Hb: Hemoglobin, MCV: Mean corpuscular volume, MCH: Mean corpuscular
hemoglobin, WBCs: White blood cells
Table 4: Comparison of Na, potassium, random sugar, basal morning cortisol, ACTH stimulation test and serum iron status between patients and
controls
Parameters

Patients (no=60)

Serum sodium (mEq/L)
Range
Mean± SD

105-148
131.15±8.55

135-144
137.80±3.32

-2.354

0.025*

Serum potassium (mg/dl)
Range
Mean± SD

4.57-5.98
5.24±.0.69

3.5-4.5
4.02± 0.32

0.691

0.049*

52 -125
89.35±24.618

92-115
105.3±8.505

1.976

0.058

Cortisol AM (ug /dL)
Range
Mean± SD

0.47-16.4
8.78±3.53

7.3-14.3
11.79±2.32

-2.432

0.021*

ACTH stimulation test (ug/dl)
Range
Mean± SD

21-38
23.078±3.709

21-38
24.492±5.006

0.876

0.389

Serum ferritin (ng/ml)
Range
Mean± SD

1022-9424
2683±1947

123-305
193.3±66.82

6.11

0.000*

155-349
158.9±84.582

71-100
82.3±8.564

4.009

0.001*

165-332
234.85±39.917

263-311
288.6±16.621

-5.189

0.000*

Random blood sugar (mg/dl)
Range
Mean± SD

Serum iron (ug/ml)
Range
Mean± SD
Serum TIBC (ug/ml)
Range
Mean± SD

Controls (no=30)

t

P value

*Significant, TIBC: total iron binding capacity, AM: Morning or Ante Meridiem, Na: Sodium. ACTH stimulation test: Adreno corticotrophic
hormone stimulation test
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Table 5: Correlation between serum iron, serum ferritin and serum sodium, potassium, random blood glucose, basal cortisol and ACTH
stimulation test.
Correlations

Serum iron

Serum ferritin

TIBC

r

P-value

r

P-value

r

P-value

Serum sodium

-0.601

0.005*

-0.589

0.006*

0.591

0.006*

Serum potassium

0.124

0.601

0.182

0.443

0.200

0.398

Random blood glucose

0.077

0.747

0.264

0.261

0.243

0.301

Cortisol AM

-0.461

0.041*

-0.625

0.003*

0.530

0.016*

ACTH stimulation test

0.262

0.265

0.039

0.869

0.127

0.593

*Significant, AM: Morning or Ante Meridiem, TIBC: Total iron binding capacity, ACTH stimulation test: Adrenocorticotrophic hormone stimulation test

DISSCUSION
Sickle cell disease is an inherited disorder,
characterized by defective hemoglobin synthesis
with production of Hb S. Red blood cells that
contains Hb S become deformed and rigid. This, in
turn, impedes their ability to pass through narrow
capillaries, with frequent clotting and thrombosis
leading to repetitive vascular occlusions and
progressive organ damage.1
The aim of this work was to study adrenal
functions using basal morning cortisol levels and
ACTH stimulation test in children with sickle cell
anemia in correlation with iron overload.
In this study, there were significantly higher serum
ferritin and serum iron and significantly lower TIBC
levels in patients than control group. This is in
agreement with Patra and Khodiar (2012)13 and
Akinsegun et al. (2013)14 who found the same
results and explained this by chronic hemolysis and
repeated blood transfusion.
In the present study, there was significantly lower
serum sodium and significantly higher serum
potassium levels in patients than control group. This
is in agreement with Pandey et al. (2012)15 who
found the same results and attributed this to renal
insufficiency or hemolytic crises.
In this study, there was no significant difference
between patients and controls regarding random
blood glucose. This is in agreement with Mohapatra
(2005)16 who found rare occurrence of diabetes
mellitus (either type1 or type 2) in SCD patients and
stated that SCD patients in tropics seem to enjoy
relative protection from diabetes.
64

Theoretical theories for such protection would
include the low BMI, hyper metabolism and possibly
other genetic factors.
In the present study, there were significantly
lower mornings basal serum cortisol levels in
patients compared with control group, and no
significant difference between patients and controls
as regard ACTH stimulation test. This is in
agreement with Smiley et al. (2008)17 who found
cortisol deficiency in patients with sickle cell anemia
and attributed this cortisol deficiency to many
factors as iron overload, vascular insufficiency or
hypothalamic pituitary adrenal axis affection ,
Soliman et al. (1995)18 who suggested that the
main cause of cortisol deficiency is HPA axis
affection, due to hypoxic-vascular insults to
hypothalamic pituitary axis during one or more of
sickling episodes, Lawrence (2012)19 who found low
serum cortisol level in SCD patients compared with
controls and normal response to ACTH stimulation
test with increased serum cortisol within 1 hour and
Saad (1992)20 who found no significant difference
between pediatric SCD patients and control cases as
regard ACTH stimulation test.
In this study there were no significant differences
in thyroid hormones (FT3, FT4 and TSH) between
patients and controls but hypothyroidism was
detected in three patients (5 %); this is in
agreement with Rhodes et al. (2009)21 who found
no statistically significant differences between
patients with SCA and controls in levels of thyroid
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hormones and Ozen et al. (2013)22 who found that
hypothyroidism was detected in 3 patients (6%) in a
study that included 50 patients with SCA. On the
contrary, El-Sarraf et al. (2009)23 found significant
lower T4 level in SCD patients compared to controls.

r=-0.625

10

Table 6: Comparison between patients and controls as regard thyroid
hormones
Patients
(no=60)

Control
(no=30)

P value

TSH
Range
Mean ± SD

1.12-5.7
2.31±1.2

1.2-2.89
2.01±0.54

0.45

FT3
Range
Mean ± SD

2.5-4
3.81±1.3

2.65-4
3.33±0.47

0.27

FT4
Range
Mean ± SD

0.79-1.82
1.37±0.274

1.1-1.65
1.34±0.164

0.57

0

Cortisol AM

Thyroid
hormones

P-value=0.003*

20

-10
-2000

0

2000

4000

6000

8000

10000

Serum ferritin

TSH: thyroid stimulating hormone, FT3: Free triiodothyronine, FT4: Free
thyroxine

CONCLUSION
There was significantly lower basal morning
cortisol in patients with sickle-cell anemia with
significant negative correlation with iron overload
so regular follow up to adrenal functions to detect
any adrenal impairment, as SCD patients are
vulnerable to adrenal hypo function, is
recommended.
ACKNOWLEDGEMENT
Many thanks for all patients and their families that
participate in this research. We wish for all of them
good health and happy life.
CONFLICT OF INTEREST
No conflict of interest.
REFERENCES
1. Aghaa M, Eid AF, Sallam M. Sickle cell anemia:
Imaging from head to toe. Egyptian Journal of Radiology
and Nuclear Medicine. 2013;
44 (3): 547–561.
2. Rees DC, Williams TN, Gladwin MT. Sickle-cell disease.
Lancet
2010
Dec;
376(9757):2018-2031.
doi:
10.1016/S0140-6736(10)61029-X. Epub. 2010 Dec 3.

Figure 1: Correlation between serum ferritin and cortisol levels in
patients group

3. Cresio A, Zilda B. Endocrine disorders in sickle cell
disease. Current pediatric reviews J. 2011; 7(1):68-72.
4. Makino J, Ndzengue A, Adekolujo S, et al. High
Prevalence of adrenal insufficiency in patients with sickle
cell disease. Exp Clin Endocrinol Diabetes. 2013 Jan;
121(1):32-6. doi: 10.1055/s-0032-1330036. Epub. 2013
Jan 17.
5. Monica C. Strategy of blood safety in Africa region. In:
Tito A and Lewis SM (eds). District laboratory practice in
tropical countries, 2nd edition. Cambridge low price
Egyptian edition 2005; chapter 4, P. 268-378.
6. Schneider RG, Hightower B, Hosty TS, et al. Abnormal
hemoglobins in a quarter million people. Blood 1976
Nov; 84(5): 629-637.
7. Bishop NL, Fudy EP, Schoeff L. Priniciples and
correlations In: Harris N. and Winter W (eds.) Clinical
th
chemistry, 5 edition, Lippinocott Williams and Wilkins,
Philadelphia. 2000; 180-220.
8. Muntzel M, Hannedouche T, Lacour B, et al. Effect of
erythropoietin on hematocrit and blood pressure in
normotensive and hypertensive rats. J Am Soc Nephrol.
1992 Aug; 3(2):182-7.
9. Beard J L. Iron Biology in immune function, muscle
metabolism and neuronal functioning. J Nutr. 2001 Feb;
131:568-580.
10. Stewart PM, Krone NP. The adrenal cortex. In:
Kronenberg HM, Melmed S, Polonsky KS, Larsen PR, eds.
Williams Textbook of Endocrinology. 12th ed.
Philadelphia, PA: Saunders Elsevier.2011: chap 15.
11. Dorin RI, Qualls CR, Crapo LM. Diagnosis of adrenal
insufficiency. Ann Intern Med.2003 Aug; 139 (3): 194–
204.
12. Bablok W, Passing H, Bender R, et al. A general
regression procedure for method transformation.
Application of linear regression procedures for method

65
International Journal of Hematology Oncology and Stem Cell Research
ijhoscr.tums.ac.ir

Adel A Hagag, et al.

IJHOSCR, 1 April. Volume 9, Number 2

comparison studies in clinical chemistry, Part III. J Clin
Chem Clin Biochem. 1988 Nov; 26 (11): 783-790.
13. Patra PK, Khodiar PK. Study of serum ferritin,
iron,total iron binding capacity in sickle cell disease.
Journal of Advance Researches. 2012; 4(4):340-344.
14. Akinbami AA, Dosunmu AO, Adediran AA, et al.
Serum ferritin levels in adults with sickle cell disease in
Lagos, Nigeria. J Blood Med. 2013 May; 4:59-63. doi:
10.2147/JBM.S42212. Print 2013.
15. Pandey S, Sharma A, Dahia S, et al. Biochemical
indicator of sickle cell disease, preliminary report from
India. Indian J Clin Biochem 2012 Apr; 27(2):191-5. doi:
10.1007/s12291-011-0162-y. Epub. 2011 Sep 25.
16. Mohapatra MK. Type 1 diabetes mellitus in
homozygous sickle cell anemia. Journal Assoc Physicians
India. 2005 Oct; 53:895-896.
17. Smiley D, Dagogo-Jack S, Umpierrez G. Therapy
insight: Metabolic and endocrine disorders in sickle cell
disease. Nat Clin Pract Endocrinol Metab. 2008 Feb;
4(2):102-109. doi: 10.1038/ncpendmet0702
18. Soliman AT, Darwish A, Mohammed SH, et al.
Circulating growth hormone, Insulin-like growth factor,
and free thyroxin, GH response to clonidine provocation
and CT scanning of hypothalamic-pituitary area in

children with sickle cell disease. Journal Trop Pediatric.
1995; 41(5):285-9.
19. Lawrence Soloman MD. Adrenal insufficiency as a
possible contributor to pain in adults with sickle cell
disease. Journal of Pain and Symptom Management
disease. 2012; 43(2):379.
20. Saad ST, Saad MJ. Normal cortisol secretion in sickle
cell anemia. Trop Geogr Med. 1992 Jan; 44(1-2): 86–88.
21. Rhodes M, Akohoue SA, Shankar SM, et al. Growth
Patterns in Children with Sickle Cell Anemia during
Puberty. Pediatr Blood Cancer. 2009 Oct; 53(4): 635-641.
doi: 10.1002/pbc.22137.
22. Ozen S, Unal S, Erçetin N, et al. Frequency and risk
factors of endocrine complications in Turkish children
and adolescents with sickle cell anemia. Turkish Journal
Hematology.
2013
Mar;
30(1):
25-31.
doi:
10.4274/tjh.2012.0001. Epub 2013 Mar 5.
23. El-Sarraf NA, Sulaiman AM, Mansour H. Endocrine
disorder in patients with sickle cell anemia. Benha
Medical Journal. 2009; 26(2): 467-468.

66
International Journal of Hematology Oncology and Stem Cell Research
ijhoscr.tums.ac.ir

