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ABSTRACT

Background: Disturbance of calcium hemostasis is common in patients of B-thalassemia major. The objectives of this
study were to determine the frequency, distribution and presentation of hypocalcemia in B-thalassemia major children.
Materials and Methods: This cross-sectional study was conducted in Fatimid Foundation Peshawar, Pakistan
from to June 2015 to August 2015. 100 patients of B-thalassemia major, aged 5-20 years were enrolled.
After history and examination, serum calcium levels were determined through semi-automated analyzer
Microlab 200. Those having levels less than 8.6 mg/dl were labelled as hypocalcemics. Sex, hypocalcemia
in B-thalassemia major, symptomatic hypocalcemia, presence of paresthesias & numbness, myalgias,
hyperpigmentation and carpopedal spasm were variables. Frequency and percentage were calculated for all
variables. Observed to expected frequencies of all variables were analyzed by chi-square goodness-of-fit test.
Results: The frequency of hypocalcemia in B-thalassemia major was 49/100 (49%), including 25 boys and 24
girls. The frequency of symptomatic hypocalcemia in B-thalassemia major was 15/49 (30.61%). Paresthesias &
numbness was presentin 7/49 (14.29%) cases, hyperpigmentation in 6/49 (12.24%), myalgias in 3/49 (6.12%) and
carpopedal spasm in 2/49 (4.08%) cases. The frequency of hypocalcemia in B-thalassemia major and frequency
of symptomatic hypocalcemia were higher in our sample than expected for the population. The frequency of
paresthesia & numbness and of carpopedal spasm were similar while that of hyperpigmentation and myalgias
were lower than expected.

Conclusion: Hypocalcemia in B-thalassemia major is very prevalent and mostly asymptomatic and chronic, therefore
calcium levels of such patients should be periodically assessed and calcium supplementation advised where necessary.
KEY WORDS: B-thalassemia major; Hypocalcemia; Paresthesias; Hyperpigmentation; Myalgias; Carpopedal
spasm.
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INTRODUCTION

Background: Calcium is one of the abundant trace
metals of the body and most prevalent cation in
human body. It plays important roles in the body
like skeletal mineralization, blood coagulation,
neuromuscular conduction, maintenance of normal
vascular tone, excitability of skeletal and cardiac
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muscles, stimulating secretions by exocrine glands
and preserving cell membrane integrity and perme-
ability particularly in terms of sodium and potassium
exchange.'

Hypocalcemia is a common biochemical abnormal-
ity. It arises mostly as a consequence of hypopara-
thyroidism or vitamin D deficiency or as a result of
resistance to these hormones. However it may be
a result of renal disease, end stage liver disease or
drugs.z*

Hypocalcemia varies in presentation from
being asymptomatic to life threatening medical
emergency. Common symptoms of hypocalcemia
are paresthesias & numbness, muscle spasms
and myalgias, cramps, tetany, convulsions and
dermatitis. Hypocalcaemia can also present as
neuromuscular irritability, cognitive impairment
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and laryngospasm. Complications of chronic
hypocalcemia are mainly that of bone disease. Severe
hypocalcemia can however result in cardiovascular
collapse, hypotension not responding to fluids
and dysrhythmias. Neurological complications of
hypocalcemia are acute convulsions, tetany, basal
ganglia calcification, parkinsonism, choreoathetosis
and hemiballismus.>®

Hypoparathyroidism leading to hypocalcemia re-
sulting from iron overload in thalassemics was first
elaborated by Gabriele in 1971. Later many more re-
searchers detected it in their surveys too. The reason
for this complication is attributed to iron deposition
in the parathyroid glands consequent upon delay in
chelation therapy.”

Parathyroid gland damage is mediated through
many mechanisms like sensitivity to iron damage, in-
creased collagen deposition secondary to increased
activity of iron-dependent protocollagen prolyl
hydroxylase enzyme with subsequent disturbed
microcirculation in patient. Low parathyroid hor-
mone levels lead to excessive calcium loss in urine,
decrease bone remodeling, and decreased intestinal
absorption of calcium leading to hypocalcemia.®

Knowledge Gaps/ Research Problems: Fatimid
Foundation is the largest organization in Khyber
Pakhtunkhwa Province and also in Pakistan, prov-
ing blood, blood components and other related
services to thalassemia patients. Many studies have
been done so far on hypocalcemia in thalassemia
major patients and frequency reported varied from
center to center.”'® Most of the researchers found
that hypocalcemia was mostly asymptomatic in
these patients. No recent studies are there showing
frequency, distribution by sex and presentation of
hypocalcemia in B-thalassemia major patients in
our population. These knowledge gaps were our
research problems.

Research Questions (RQs):

1. What is the overall and sex wise frequency of
hypocalcemia in B-thalassemia major in sam-
ple and population?

2. What is the frequency of symptomatic hypo-
calcemia in B-thalassemia major in sample and
population?

3. What is the frequency of paresthesias & numb-
ness, hyperpigmentation, myalgias and car-
popedal spasm in symptomatic hypocalcemia
in B-thalassemia major in sample and popula-
tion?

4. Is there any difference between the sample
and population in the distribution of hypocal-
cemia in B-thalassemia major?

5. Is there any difference between the sample
and population in the distribution of symptom-
atic hypocalcemia in B-thalassemia major?

6. Isthere any difference between the sample and
population in the distribution of paresthesias &
numbness, hyperpigmentation, myalgias and
carpopedal spasm in symptomatic hypocalce-
mia in B-thalassemia major population?

Objectives:

The objectives of our study were to determine the
overall and sex wise frequency, distribution and
presentation of hypocalcemia in B-thalassemia ma-
jor children in our population.

Null Hypotheses:

H,,: There is no statistically significant difference
between the sample and population in the
distribution of hypocalcemia in B-thalassemia
major. (RQ 4)

H,,: There is no statistically significant difference
between the sample and population in the distribu-
tion of symptomatic hypocalcemia in B-thalassemia
major. (RQ 5)

H,,: There is no statistically significant difference
between the sample and population in the distribu-
tion of paresthesias & numbness in symptomatic
hypocalcemia in B-thalassemia major. (RQ 6)

H,,: There is no statistically significant difference be-
tween the sample and population in the distribution
of hyperpigmentation in symptomatic hypocalcemia
in B-thalassemia major. (RQ 6)

H,: There is no statistically significant difference
between the sample and population in the distribu-
tion of myalgias in symptomatic hypocalcemia in
B-thalassemia major. (RQ 6)

H,,: There is no statistically significant difference be-
tween the sample and population in the distribution
of carpopedal spasm in symptomatic hypocalcemia
in B-thalassemia major. (RQ 6)

MATERIALS & METHODS

Design, Duration & Setting: This cross-sectional
study was conducted in Fatimid Foundation Center,
Hayatabad, Peshawar, Pakistan from to June 2015 to
August 2015. Fatimid Foundation, a non-profit orga-
nization is the pioneer of voluntary blood transfusion
services in Pakistan.

Population, Sample size, Technique & Selection:
The population for the study comprised 1500 pa-
tients of B-thalassemia major registered at Fatimid
Foundation, Peshawar at this time. Sample size
was calculated to be 100 by Raosoft, on line sam-
ple size calculator with 7.95% margin of error, 90%
confidence interval and 50% response distribution.
100 patients of B-thalassemia major, aged 5-20
years, whose diagnosis was confirmed by hemo-
globin electrophoresis and were receiving regular
transfusion and chelation therapy and coming for
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their follow up were enrolled in this study through
consecutive non-probability sampling technique.
Patients who were very ill, receiving calcium and vi-
tamin D supplementation, or drugs affecting calcium
levels like bisphosphonates, proton pump inhibitors,
diuretics, antiepileptics and cisplatin were excluded
from the study.

Equipment & Procedure of Conduct: Detailed
history and general physical and systemic examina-
tion of the patients were conducted. Serum calcium
levels were analyzed on semi-automated analyzer
Microlab 200 (Merck Laboratories, Kenilworth, New
Jersey) using kits from Weiner Laboratories (Rosario,
Argentina). Three ml of blood was taken from patients
in plain tubes with gel through venipuncture. Blood
was allowed to clot and then centrifuged for sepa-
rating the serum. Sera obtained were then stored at
-20 °C. Calcium levels were then determined in the
obtained sera through photocolorimetric method.
Plain test tubes were taken and 750ul buffer, 250ul
cresolphtalein (CPX) solution, and 10ul of patients’
serum were added in each. The contents were mixed
well and readings were taken after 10 minutes at 570
nm. Patients having serum calcium levels less than
8.6 mg/dl were labelled as hypocalcemics.

Data Collection Plan: Sex (boys & girls) was a de-
mographic variable while presence of hypocalcemia
in B-thalassemia major, presence of symptomatic
hypocalcemia in B-thalassemia major, presence of
paresthesias & numbness, presence of hyperpig-
mentation, presence of myalgias and presence of
carpopedal spasm were six research variables. All
these six variables were measured on nominal and
binary scale, each having two attributes of present
and absent.

Data Analysis Plan: Descriptively all the seven vari-
ables were analyzed by frequency and percentage.
Estimation of parameter for proportion for popula-
tion was given as confidence interval at confidence
level of 80%. The distribution of hypocalcemia in
B-thalassemia major, distribution of symptomatic hy-
pocalcemia in B-thalassemia major and distribution
of paresthesias & numbness, hyperpigmentation,
myalgias and carpopedal spasm were all analyzed
separately by chi-square goodness-of-fit test.!-2
Observed counts, expected counts, their difference,
chi-square statistic, degree of freedom and level of
significance were given at alpha 0.5. Data was ana-
lyzed by an online calculator.'

RESULTS

Descriptive Analysis & Estimation of Parame-
ter: Out of 100 children with B-thalassemia major,
53 (53%) were boys and 47 (47%) were girls. The
frequency of hypocalcemia in B-thalassemia major
was 49 in 100 children (49%, 80% Cl 42.59-55.41%),
including 25 (25%, 80% Cl 19.45-30.55%) boys and
24 (24%, 80% Cl 18.53-29.47%) girls.

The frequency of symptomatic hypocalcemia in
B-thalassemia major was 15 in 49 (30.61%, 80%
Cl 22.17-39.05%) while 34 in 49 (69.39%, 80% ClI
60.95-77.83%) were asymptomatic. Thirteen out of
15 presented with one feature each, one with two
features of paresthesias & numbness and myalgias
and one with three features of paresthesias & numb-
ness, myalgias and hyperpigmentation.

The frequencies with 80% CI of four presentations of
symptomatic hypocalcemia in B-thalassemia major
are given in Table 1. Most of the patients presented
with paresthesias & numbness.

Testing of Hypotheses:

RQ 4, H,,: The observed distribution of hypocalcemia
in B-thalassemia major of the sample was compared
to the expected distribution of the population by
chi-square goodness-of-fit test at alpha 0.05. Table 2

H,, proved to be false, hence rejected, showing
that the observed counts of hypocalcemia have not
a good fit to the expected counts. In other words
the difference between the observed and expected
counts for hypocalcemia in B-thalassemia major was
statistically significant. More simply, the frequency of
hypocalcemia in our sample was significantly high-
er than expected for the population. The expected
counts were taken from a study by Adil A, et al from
Karachi, Pakistan.'®

RQ 5, H,,: The observed distribution of symptomatic
hypocalcemia in B-thalassemia major of the sample
was compared to the expected distribution of the
population by chi-square goodness-of-fit test at
alpha 0.05. Table 3

H,, proved to be false, hence rejected, showing that
the observed counts of symptomatic hypocalcemia
has not a good fit to the expected counts. In simple
words, the frequency of symptomatic hypocalcemia
in B-thalassemia major in our sample was significant-
ly higher than expected. The expected counts were
taken from a study by De Sanctis et al.'®

RQ 6, H ,: The observed distribution of paresthe-
sias & numbness in symptomatic hypocalcemia in
B-thalassemia major of the sample was compared
to the expected distribution of the population by
chi-square goodness-of-fit test at alpha 0.05. Table 4

H,, proved to be true, hence accepted, showing that
the observed counts of paresthesias & numbness
in symptomatic hypocalcemia has a good fit to the
expected counts. In simple words the frequency of
paresthesias & numbness in symptomatic hypo-
calcemia in B-thalassemia major in our sample was
same as expected. The expected counts are from a
study by Aleem, et al from Saudi Arabia.?

RQ 6, H,,: The observed distribution of hyperpigmen-
tation in symptomatic hypocalcemia in B-thalassemia
major of the sample was compared to the expected
distribution of the population by chi-square good-
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ness-of-fit test at alpha 0.05. Table 5

. Proved to be false, hence rejected, showing
that the observed counts of hyperpigmentation in
symptomatic hypocalcemia has not a good fit to the
expected counts. In simple words the frequency of
hyperpigmentation in symptomatic hypocalcemia
in B-thalassemia major was significantly less in our
sample than expected. The expected counts are from
a study by Fahmey SS, et al.'®

RQ 6, H,: The observed distribution of myalgias in
symptomatic hypocalcemia in B-thalassemia major of
the sample was compared to the expected distribu-
tion of the population by chi-square goodness-of-fit
test at alpha 0.05. Table 6

H,, proved to be false, hence rejected, showing that
the observed counts of myalgias in symptomatic

hypocalcemia has not a good fit to the expected
counts. In simple words the frequency of myalgias
in symptomatic hypocalcemia in B-thalassemia major
was significantly less in our sample than expected.
The expected counts are from a study by Shapira,
etal.”®

RQ 6, H,,: The observed distribution of carpopedal
spasm in symptomatic hypocalcemia in B-thalassemia
major of the sample was compared to the expected
distribution of the population by chi-square goodness-
offit test at alpha 0.05.

H,, proved to be true, hence accepted, showing
that the observed counts of carpopedal spasm in
symptomatic hypocalcemia has a good fit to the
expected counts. In simple words the frequency of
carpopedal spasm in symptomatic hypocalcemia
in B-thalassemia major in our sample was same as

Table 1: Presentation of symptomatic hypocalcemia (n=49) in in B-thalassemia major.

Present 80% ClI Absent Total
S.No. Variables
Count (%) Lower-Upper Count (%) Count (%)
1 Paresthesias & numbness 7 (14.29%) 7.88-20.7% 42 (85.71%) 9 (100%)
3 Hyperpigmentation 6 (12.24%) 6.24-18.24% 3 (87.76%) 9 (100%)
2 Myalgias 3 (06.12%) 1.73-10.51% 6 (93.88%) 9 (100%)
4 Carpopedal spasm 2 (04.08%) 0.46-07.70% 7 (95.92%) 9 (100%)

Table 2: Comparison of observed (sample) to expected (population) distribution of 18:33 of hypocalice-
mia in B-thalassemia major (n=100).

0O-E)2
Hypocalcemia 0] E O-E (O-E)2 (T) X2 d.f. P-value
Yes 49 35.3 13.70 187.69 5.32
8.218 1 .00415
No 51 64.7 -13.70 187.69 2.90

O = Observed Counts, E = Expected Counts, x2 = Chi-square value, d.f. = degree of freedom

Table 3: Comparison of observed (sample) to expected (population) distribution of 3:21 of symptomatic
hypocalcemia (n=49) in B-thalassemia major.

Symptomatic Hypo- ) ) (O-E)2 y
Symeer 0 E O-E ©B2 | “=- 2 | df | Pvalue
Yes 15 06.22 8.88 78.77 12.86

14.70 1 0.00013
No 34 42.88 -8.88 78.77 1.84

O = Observed Counts, E = Expected Counts, x2 = Chi-square value, d.f. = degree of freedom

Table 4: Comparison of observed (sample) to expected (population) distribution of 2:6 of paresthesias &
numbness in symptomatic hypocalcemia (n=49) in B-thalassemia major.

0-E)2
Paresthesias & numbness O E O-E (O-E)2 ( E) X2 d.f. P-value
Yes 7 12.25 -5.25 27.56 2.25
3.00| 1 0.0832
No 42 36.75 5.25 27.56 0.75

O = Observed Counts, E = Expected Counts, x2 = Chi-square value, d.f. = degree of freedom
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Table 5: Comparison of observed (sample) to expected (population) distribution of 17:37 of hyperpig-
mentation in symptomatic hypocalcemia (n=49) in B-thalassemia major.

O-E)2
Hyperpigmentation 0] E O-E (O-E)2 ( E ) X2 d.f. P-value
Yes 6 15.43 -9.43 89.02 5.77
8.42 1 0.00371
No 43 33.57 9.43 89.02 2.65

O = Observed Counts, E = Expected Counts, x2 = Chi-square value, d.f. = degree of freedom

Table 6: Comparison of observed (sample) to expected (population) distribution of 2:4 of myalgias in
hypocalcemia (n=49) in B-thalassemia major.

0-E)2
Myalgias o) E O-E (0O-E)2 (T) 2 | df | P-value
Yes 3 16.17 13.17 173.45 10.73
1601 | 1 | 0.00006
No 46 32.83 13.17 173.45 05.28

O = Observed Counts, E = Expected Counts, 2 = Chi-square value, d.f. = degree of freedom

Table 7: Comparison of observed (sample) to expected (population) distribution of 2:58 of carpopedal
spasm in hypocalcemia (n=49) in B-thalassemia major.

0O-E)2
Carpopedal spasm 0] E O-E (O-E)2 % X2 d.f. P-value
Yes 2 01.62 0.38 0.15 0.090
0.093 1 0.759
No 47 47.38 -0.38 0.15 0.003

O = Observed Counts, E = Expected Counts, 2 = Chi-square value, d.f. = degree of freedom

expected. The expected counts are from a study by
Hagag et al in 2015.2°

DISCUSSION

Beta thalassemias are hereditary blood disorders
caused by a defect in synthesis of beta globin gene.
They are treated by blood transfusions along with
chelation therapy. Disturbance of calcium hemo-
stasis in B-thalassemia major can be due to hypo-
parathyroidism, vitamin D deficiency, bone marrow
expansion, chronic liver impairment or chelation
therapy or any combination of these factors.#'®

RQ 4, H,,: In our study 49 out of 100 (49%) pa-
tients came out to be hypocalcemics. Adil A, et al
from Karachi, Pakistan reported hypocalcemia in
thalassemia major patients of 18 out of 51 (35.3%)
cases.'® Shemran A, et al from Babylon, Iraq reported
hypocalcemia in thalassemia patients of 28 out of
129 (21.7%)."” Sleem GA, et al from Royal Hospital
Oman, Jordan reported 1 out of 28 adult cases of
hypocalcemia in beta-thalassemia major (3.57%).”
Hypocalcemia due to hypoparathyroidism was pos-
itive in 8 out of 40 (20%) cases of thalassemia major
patients in Saudi Arabia.t In our study the frequency
of hypocalcemia came to be high than all the studies
given above (Table 2). The reason for this might be
the delay in starting chelation and poor compliance
with the therapy.

RQ 5, H_,: In our study, the frequency of symptomatic
hypocalcemia was 15/49 (30.61%). The rest of the
patients 34/49 (69.39%) were asymptomatic. A study
by De Sanctis et al'® showed that 3 out 24 (12.5%)
of hypocalcemics had symptoms. The frequency of
symptomatic hypocalcemia in B-thalassemia major
in our sample was higher than this study. (Table 3)

RQ 6, H ,: Paresthesias & numbness was the
most common presentation of hypocalcemia
in B-thalassemia major in our study where 7/49
(14.29%) of patients presented with these com-
plaints. A previous study done by Aleem A, et al®
showed that majority of hypocalcemics in thal-
assemia were asymptomatic and only 2/8 (25%)
showed paresthesias of hands. This figure is similar
to ours’ finding as in Table 4.

RQ 6, H ,: Hyperpigmentation were noted in 6/49
(12.24%) patients of hypocalcemia in our study. A
recent study by Fahmey SS, et al'® at the Hematology
Clinic of Beni-Suef University Hospital, Egypt showed
hyperpigmentation in 17 out of 54 (31.48%) children
having B-thalassemia major. Hence the frequency of
hyperpigmentation in symptomatic hypocalcemia
in B-thalassemia major was significantly less in our
sample than the study by Fahmey SS, et al. (Table 5)

RQ 6, H,.: The frequency of myalgias in hypocalce-
mics have been reported to be 16 to 30% in different
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studies®®?!, whereas in our study only 3/49 (6.12%)
of patients suffering from hypocalcemia complained
of myalgias. A study by Shapira et al?® from Israel
showed that myalgias were present in 2 out of 6
(83.33%) patients of hypocalcemia in thalassemia
major. Hence the frequency of myalgias in symptom-
atic hypocalcemia in B-thalassemia major was less
in our sample than the study from Israel. (Table 6)

RQ 6, H,: Carpopedal spasm was a presenta-
tion in 2/49 (4.08%) of hypocalcemia patients in
B-thalassemia major in our study. A study done by
Hagag et al®® in 2015 showed that 2/60 (3.33%) of
hypocalcemia in B-thalassemia major cases had
developed carpopedal spasm. The frequency of
carpopedal spasm in symptomatic hypocalcemia
in B-thalassemia major in our sample was similar to
the study by Hagag et al. (Table 7)

Limitations and Recommendations: Due to lack
of resources the current study was limited to a sin-
gle center and serum calcium measurements were
done once. More detailed studies are recommended
involving multiple centers and periodic assessments
of calcium levels in these patients.

CONCLUSIONS

It can be concluded that hypocalcemia in
B-thalassemia major is very prevalent and mostly
asymptomatic and chronic, therefore calcium levels
of such patients should be periodically assessed and
calcium supplementation advised where necessary.

Acknowledgement: We all five authors acknowledge
our co-author, Dr. Muhammad Marwat for advanced
statistical analysis and for giving the manuscript an
innovative organization, format and look in the light of
his unpublished intellectual brain child, the “Marwat’s
Logical Trajectory for Research Process”.

REFERENCES

1. Govenlock AH, editor. Varley’s Practical Clinical
Biochemistry. 6th ed. (Indian reprint). New Delhi:
CBS Publishers; 1996. pp.664-5.

2. Cooper MS, Gittoes NJ. Diagnosis and man-
agement of hypocalcemia. BMJ 2008; 336
(7656):1298-302. https://doi.org/10.1136/
bmj.39582.589433.BE

3. Murphy E, Williams GR. Hypocalcemia. Medicine
2009; 37(9):465-8. https://doi.org/10.1016/j.
mpmed.2009.06.003

4. Holick MF. Vitamin D deficiency: a worldwide
problem with health consequences. Am J
Clin Nutr 2008 Apr; 87(4):1080-6. https://doi.
org/10.1093/ajcn/87.4.1080S

5. Shoback D. Clinical practice. Hypoparathyroid-
ism. N Engl J Med 2008 Jul; 359(4):391-403.
https://doi.org/10.1056/NEJMcp0803050

6. Fong J, Khan A. Hypocalcemia: Updates in di-
agnosis and management for primary care. Can
Fam Physician 2012 Feb; 58(2):158-62.

7. Sleem G A M, Al-Zakwani | S, Almuslahi M.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hypoparathyroidism in adult patients with 3 thal-
assemia Major. Sultan Qaboos Univ Med J 2007
Dec; 7(3):215-8.

Aleem A, Al-Momen A K, Al-Harakati M S, Hassan
A, Al-Fawaz |. Hypocalcemia due to hypoparathy-
roidism in B thalassemia major patients. Ann of
Saudi Med 2000 Sep-Nov; 20(5-6):364-6. https://
doi.org/10.5144/0256-4947.2000.364

Goyal M, Arora P, Lal H. Parathyroid and calcium
status in patients with thalassemia. IJCB 2010
Oct; 25(4):385-7. https://doi.org/10.1007/s12291-
010-0071-5

Angelopoulos N G, Goula A, Rombopoulos G.
Hypoparathyroidism in transfusion-dependent
patients with B thalassemia. J Bone Miner Metab
2006; 24(2):138-45. https://doi.org/10.1007/
s00774-005-0660-1

Jeremy Stangroom. Chi-Square Test Calculator.
Social Science Statistics. (accessed 2018 Nov
13). Available at: https://www.socscistatistics.
com/tests/chisquare2/Default2.aspx

Zar JH. Biostatistical Analysis. 5th ed. New York:
Prentice-Hall, Inc.

Daniel WW. Biostatistics: A Foundation for Anal-
ysis in the Health Sciences. 7th ed. Singapore:
John Wily; 2005.

Italian Working Group on Endocrine Complica-
tions in Non-endocrine Diseases. Multicenter
study on prevalence of endocrine compli-
cations in thalassaemia major. Clin Endocri-
nol (Oxf) 1995 Jun; 42(6):581-6. https://doi.
org/10.1111/j.1365-2265.1995.tb02683.x

Mula-Abed WA, Al Hashmi H, Al Muslahi M, Al
Muslahi H, Al Lamki M. Prevalence of endocr-
inopathies in patients with Beta-thalassaemia
major - a cross-sectional study in Oman. Oman
Med J 2008; 23:257-62.

Adil A, Sobani ZA, Jabbar A, Adil S, Awan S. En-
docrine complications in patients of B-thalassemia
major in a tertiary care hospital in Pakistan. J Pak
Med Assoc 2012 March; 62(3):307-10.

Shemran A, Al-Wtaify M, Saihood G, Al-Shuijairi
H. Prevalence of diabetes and hypocalcemia
among thalassemic patients in thalassemia center
in Babylon Governorate. Med J Babylon 2009;
6(3):672-9.

De Sanctis V, Vullo C, Bagni B, Chiccoli L. Hypo-
parathyroidism in beta-thalassemia major. Clini-
cal and laboratory observations in 24 patients.
Acta Haematol 1992; 88(2-3):105-8. https://doi.
org/10.1159/000204662

Fahmey SS, Taha G, El-Refaey A, Adly S. Skin
disorders in Egyptian children with B-thalassemia
major. J Trop Pediatr 2018 Apr 1; 64(2):104-9.
https://doi.org/10.1093/tropej/fmx035

Huang YL, Liu S, Xia T, Hao WG, Liang W, Sun
X. Relationship between growth disorders and
iron overload in children with beta-thalassemia
major. Chinese J Contemporary Pediatric 2008
Oct; 10(5):603-6.

Lokeshwar MR. Progress in the management of

Gomal Journal of Medical Sciences, January-March 2018, Vol. 16, No. 1 7



Salva Shah, et al.

thalassemia. Indian Pediatrics 2006; 43:503-6.

22. Shapira Y, Glick B, Finsterbush A, Goldfarb A,
Rosenmann E. Myopathological findings in thal-
assemia major. Eur Neurol 1990; 30(6):324-7.
https://doi.org/10.1159/000117365

23. Hagag AA, EI-Shanshory MR, Abo EI-Enein AM.
Parathyroid function in children with beta thal-
assemia and correlation with iron overload. Adv
Pediatr Res 2015 April; 2(3):1-5.

Important note by the author (Muhammad
Marwat):

A novel presentation has been done in this research
document by addressing the sample (descriptive
statistics), the population (inferential statistics: esti-
mation of parameters) and comparing the observed
data of the sample to the expected/ published data
of the population (inferential statistics: testing of
hypotheses) as demanded by the title. There is
clear and categorical placement of the research

problems, knowledge gaps, research questions,
research objectives and research hypotheses
(tentative answers to the research questions). Data
are collected for relevant variables, analyzed and
interpreted to testify the null hypotheses, so that the
research problems are solved, knowledge gaps are
filled, research questions are answered in a logical
way and thence objectives are met with.

| have proposed this unpublished eight steps flow
for any type of research activity in any discipline,
including but not limited to medical, biomedical,
biological, behavioral and social sciences journals
for similar research problems/ designs.

It is termed as “Marwat’s Logical Trajectory for
Research Process”. Individual authors are allowed,
rather facilitated to adopt it for their research projects
but the organizations and institutions have to seek
prior permission for its use/ incorporation to their
research guidelines.
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