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ABSTRACT

Background: The distribution of non-malignant hematological disorder varies across globe by sex, age groups
and type of disease. The objectives of this study were to determine distribution of non-malignant hematological
disorders by sex, age groups and type of disease based on bone marrow aspiration in population of Khyber
Pakhtunkhwa, Pakistan.

Material and Methods: This cross-sectional study was conducted in Department of Pathology, Khyber Teaching
Hospital, Peshawar, Pakistan from Jan.-Dec. 2014. 116 cases with non-malignant hematogical disorders were
selected. Sex, age groups and type of disease were analyzed by count and percentage with confidence intervals
for proportions. Chi-square goodness-of-fit test was used to testify two hypotheses.

Results: Out of 116 cases, 63(54.31%, 80%Cl 48.38-60.24) were men and 53(45.69%, 80% Cl 39.76-51.62) women.
Age groups wise; 31(26.72%, 80%CI 21.46-31.99) were child (<17 years), 57(49.14%, 80%CI 43.19-55.09) young
adult (18-35 years), 19(16.38%, 80%CIl 11.98-20.78) middle-aged adults (36-55 years) and nine (7.76%, 80%Cl
4.57-10.94) older adults (=56 years). Frequency of type of disease was; hemolytic anemia 17(14.66%, 80%Cl
10.45-18.86), megaloblastic anemia 16(13.79%, 80%Cl 9.69-17.9), bone marrow hypoplasia 14(12.07%, 80%ClI
8.19-15.95), iron deficiency anemia 13(11.21%, 80%CI 7.45-14.96), mixed deficiency anemia 9(7.76%, 80%Cl
4.57-10.94), ITP 9(7.76%, 80%Cl 4.57-10.94), aplastic anemia 8(6.89%, 80%Cl 3.88-9.91), bi-liniage cytopenia
7(6.03%, 80%Cl 3.2-8.87), erythroid hyperplasia 3(2.59%, 80%Cl .7-4.47) and malaria 2(1.72%, 80%Cl 0.18-3.27).
In 18(15.52%, 80%CI 11.21-19.83) cases the bone marrow was diluted. Null hypothesis for distribution of sex
(p=.3532) was accepted while that for age groups was rejected (p=<.00001).

Conclusion: Hemolytic anemia was the most common disorder followed by megaloblastic anemia and bone
marrow hypoplasia based on bone marrow aspiration in population of Khyber Pakhtunkhwa, Pakistan.

KEY WORDS: Bone marrow aspiration; Hematological disorders; Hemolytic anemia; Megaloblastic anemia; Iron
deficiency anemia; Aplastic anemia; Malaria.
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is the gold standard. Bone marrow examination is
though an invasive procedure but is well tolerated by
the patients. It helps in many hematological disorders
to reach final diagnosis within a short time span.
Bone marrow aspiration provides reliable information
regarding bone marrow cellularity, its architecture
and the stage of maturation of different blood cells.?

Regarding the frequency of non-malignant hemato-
logical disorders in bone marrow, a study by Munir,
et al.® from Kohat, Pakistan reported megaloblastic
anemia in 27.27% (27/99) cases as most common
followed by idiopathic thrombocytopenic purpura
(ITP) in 15.15% (15/99), iron deficiency anemia (IDA)
in 14.14% (14/99) cases and aplastic anemia in
13.13% (13/99) cases. A study by Kibria, et al.* from
Faridpure, Bangladesh reported aplastic anemia as
the second most common non-malignant disorder.

Non-malignant hematological disorders spectrum
shows that megaloblastic anemia is on the top
causing anemia due to immature production of DNA.
It is followed by aplastic anemia, myelodysplastic
syndrome and paroxysmal nocturnal hemoglobinuria
present with high MCV.®

IDA is a global issue more common in the third world
countries including Pakistan. IDA is the major cause
of anaemia in paediatric age group (1-10 years).¢Iron
deficiency and IDA can affect an infant’s emotion,
cognition, and development as iron is responsible
for many enzymatic activities of the body and related
to development of normal mile stones.”

Megaloblastic anemia that usually results from B12
or folate deficiency, is major cause of nutritional
deficiency anemias.® Studies on relative frequencies
of various non-malignant hematological disorders di-
agnosed based on bone marrow aspiration reported
that iron deficiency concomitant with megaloblastic
anemia was the major hematological disorder. Other
hematological disorders diagnosed were ITP, severe
aplastic anemia, visceral Leishmaniasis, isolated
megakaryocytic depression, pure red cell aplasia,
lipid storage diseases, sideroblastic anemia and
congenital dyserythropoietic anemia.®

1.2 Research Problems, Knowledge Gaps &
Research Questions:

We have adopted an innovative eight steps “Mar-
wat’s Logical Trajectory of Research Process” in this
project as developed by our third author Muhammad
Marwat. o1

Unawareness of distribution of various non-malignant
hematological disorders by sex, age groups and
type of disease based on bone marrow aspiration in
population of Khyber Pakhtunkhwa, Pakistan were
our three research problems.

We searched for original articles, reviews and theses/
dissertations on net on various databases/ search en-
gines like PubMed, PubMed Central, ScienceDirect,
Open Access Theses and Dissertations, Pakistan

Research Repository, Google Scholar and Google.
Absences of recent studies on these problems for
our population were our three knowledge gaps. To
fill these gaps was the rationale/ justification of our
project.

How is the distribution of various non-malignant
hematological disorders by sex, age groups and
type of disease based on bone marrow aspiration in
population of Khyber Pakhtunkhwa, Pakistan were
our three research questions.

1.3 Research Objectives:

1. To determine the distribution of various non-ma-
lignant hematological disorders by sex based on
bone marrow aspiration in population of Khyber
Pakhtunkhwa, Pakistan

2. Todetermine the distribution of various non-ma-
lignant hematological disorders by age groups
based on bone marrow aspiration in population
of Khyber Pakhtunkhwa, Pakistan

3. Todetermine the distribution of various non-ma-
lignant hematological disorders by type of
disease based on bone marrow aspiration in
population of Khyber Pakhtunkhwa, Pakistan

4. To compare the distribution of various non-ma-
lignant hematological disorders by sex in sam-
ple versus population based on bone marrow
aspiration in population of Khyber Pakhtunkhwa,
Pakistan

5. To compare the distribution of various non-ma-
lignant hematological disorders by age groups
in sample versus population based on bone
marrow aspiration in population of Khyber Pa-
khtunkhwa, Pakistan

1.4 Research Hypotheses (Null): Hypotheses are
the tentative answers for research questions. Based
on literature search, following hypotheses were pro-
posed to answers our research questions.

H,1: The expected distribution of non-malignant
hematological disorders by sex in the population of
Khyber Pakhtunkhwa, Pakistan is same as observed
in the sample based on bone marrow aspiration.
(Objective 4)

H,2: The expected distribution of non-malignant
hematological disorders by age groups in the pop-
ulation of Khyber Pakhtunkhwa, Pakistan is same
as observed in the sample based on bone marrow
aspiration. (Objective 5)

1.5 Significance of study: As we have specified
our population, drawn a sample, described the
sample and then population and then compared
the expected population parameters against the
observed sampile statistics for proportion with statis-
tical inference. Hence our study will generate valid,
reliable, verifiable and replicable data, results and
methodology to be used by other researchers on
this topic and also in any other discipline/ subject,
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investigating distribution of any disease/ problem in
any population.

1.6 Operational definitions

Child: Article 1 of The United Nations Convention
on the Rights of the Child defines a child as “for the
purposes of the present Convention, a child means
every human being below the age of 18 years un-
less under the law applicable to the child, majority
is attained earlier”."

Adult: Young adult 18-35 years, middle-aged adult
36-55 years and older adult > 55 years.'

MATERIALS AND METHODS

2.1 Design, Duration & Settings: This cross-sec-
tional study was conducted in the Department of
Pathology, Khyber Teaching Hospital, Peshawar,
Pakistan from Jan. 2014 to Dec. 2014.

2.2 Population & Sampling: Assuming 1% preva-
lence of non-malignant hematogical disorders to be
subjected to bone marrow aspiration in general pop-
ulation; a reference population of 100,000 patients
was estimated to reside in the catchment area of
our hospital, belonging to province of Khyber Pakh-
tunkhwa, Pakistan. All the patients with non-malig-
nant hematogical disorders (disorders related to the
abnormal/ deficient production of red blood cells and
platelets precursors) were eligible for inclusion. All
cases with leukemia and myeloproliferative disorders
(haemo-oncological cases) were excluded. A sample
size of 116 was calculated through Raosoft®14, an
online sample size calculator, with margin of error of
1.81%, confidence interval of 95%, population size
of 100,000 and estimated prevalence of non-ma-
lignant hematogical disorders to be subjected to
bone marrow aspiration in general population of
Khyber Pakhtunkhwa, Pakistan as 1%. The sample
was selected through consecutive, non-probability
technique.

2.3 Conduct of Procedure: Bone marrow aspiration
was done under aseptic conditions. Site was properly
covered with only working area posterior superior
iliac spine exposed and dressed with pyodine. Ma-
jority of the aspirated samples were collected from
the posterior superior iliac spine. In pediatric cases
especially in age less than ten years the bone marrow
aspiration was done from anterior superior aspect
of shin bone. Initially skin and periosteum were
anesthetized by local anesthesia. Bone marrow was
aspirated by proper aspiration needles for different
ages and then aseptic dressing was done. 10-12
slides were prepared and stained with Giemsa and
iron (Persian blue) stains for proper study. Where
any suspicion in cell morphology was expected then
Leukocyte peroxide (POX) stain was used to differ-
entiate myeloid series pathology from lymphoid one.
Hemolytic anaemias were further confirmed on iron
staining. All the slides were reported by a consultant

hematologist. All patients’ reticulocytes count was
also calculated using retic stain.

2.4 Data Collection Plan: The demographic vari-
ables were sex and age groups, while the research
variable was type of disease. Age groups were;
child (=17 years), young adult (18-35 years), mid-
dle-aged adults (36-55 years) and older adults (=56
years).12-13 Type of disease was categorized into 11
diseases. Sex and type of disease were measured
on nominal scale while age groups on ordinal scale.

2.5 Data Analysis Plan

2.5.1 Descriptive Statistics and Estimation of Pa-
rameter: Sex, age groups and type of disease were
described by count and percentage for the sample.
Then interval estimate for population was calculated
as Cl (confidence interval) for proportion at 80%
CL (confidence level) using the normal distribution
approximation for the binomial distribution through
an online statistical calclator.'®

2.5.2 Hypotheses Testing: Both the hypotheses
were substantiated through chi-square goodness-
of-fit test16-17 at alpha .05 using an online statistical
calculator.18 Observed counts, expected counts,
their difference, square of their difference, test sta-
tistics, degree of freedom and significance (p value)
are given.

RESULTS

3.1 Descriptive Statistics and Estimation of Pa-
rameter:

3.1.1 Out of 116 patients of non-malignant hema-
tological disorders, 63 (54.31%) were men and 53
(45.69%) were women. The men dominated the
women in count. (Table No 3.1.1)

3.1.2 Out of 116 patients of non-malignant hemato-
logical disorders, 57 (49.14%) were from age group
18-35 years (young adult), the modal group. (Table
3.1.2)

3.1.3 Out of 116 patients of non-malignant hemato-
logical disorders, 17 (14.66%) were having hemolytic
anemia, the modal group. (Table 3.1.3)

3.2 Hypotheses Testing

3.2.1 H,1: Here the equal expected distribution of
non-malignant hematological disorders by sex in
the population was compared and verified against
their observed distribution in the sample through
chi-square goodness-of-fit test. As p-value was
more than alpha, so H;1 was accepted, showing
that the statistical model of the population fits the
observations. In simple words the distribution of
non-malignant hematological disorders for men
and women in the population was similar to their
observed distribution in the sample. (Table 3.2.1)

3.2.2 H 2: Here the equal expected distribution of
non-malignant hematological disorders for four age
groups in the population was compared and verified
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against their observed distribution in the sample. As
p-value was less than alpha, so H 2 was rejected,
showing that the statistical model of the population
doesn’t fit the observations. In simple words the

Table 3.1.1: Distribution of non-malignant hematological disorders by sex based on bone marrow
aspiration in population of Khyber Pakhtunkhwa, Pakistan

distribution of non-malignant hematological disor-
ders for four age groups in the population was not
similar to their observed distribution in the sample.
(Table 3.2.2)

S.No. | Variable Sample Statistics 80 % ClI for Population

Sex Count Percentage Lower Upper

1 Men 63 54.31 48.38 60.24

2 Women 53 45.69 39.76 51.62
Total 116 100

Table 3.1.2: Distribution of non-malignant hematological disorders by age groups based on bone

marrow aspiration in population of Khyber Pakhtunkhwa, Pakistan

S.No. | Variable Sample Statistics 80 % CI for Population

Age groups Count Percentage Lower Upper

1 <17 years (Child) 31 26.72 21.46 31.99

2 18-35 years (Young adult) 57 49.14 43.19 55.09

3 36-55 years (Middle-aged adult) 19 16.38 11.98 20.78

4 =56 years (Older adult) 09 07.76 04.57 10.94
Total 116 100

Table 3.1.3: Distribution of non-malignant hematological disorders by type of disease based on bone

marrow aspiration in population of Khyber Pakhtunkhwa, Pakistan

S.No. | Variable Sample Statistics 80 % CI for Population
Type of disease Count Percentage Lower Upper
1 Hemolytic anemia 17 14.66 10.45 18.86
2 Megaloblastic anemia 16 13.79 09.69 17.90
3 Bone Marrow hypoplasia 14 12.07 08.19 15.95
4 Iron Deficiency anemia 13 11.21 07.45 14.96
5 Mixed Deficiency anemia 09 07.76 04.57 10.94
6 ITP 09 07.76 04.57 10.94
7 Aplastic anemia 08 06.89 03.88 09.91
8 Bi-lineage cytopenia 07 06.03 03.20 08.87
9 Erythroid hyperplasia 03 02.59 00.70 04.47
10 Malaria 02 01.72 00.18 03.27
11 Diluted bone marrow 18 15.52 11.21 19.83
Total 116 100
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Table 3.2.1: Expected versus observed distribution of non-malignant hematological disorders by sex
based on bone marrow aspiration in population of Khyber Pakhtunkhwa, Pakistan

Sex 0] E O-E (O-E)2 (O-E)2/E X2 d.f. P-value
Men 63 58 5 25 0.431

0.862 1 .3532
Women 53 58 -5 25 0.431
Total 116 116 Chi-square goodness-of-fit H,1 accepted at a .05

O= Observed count, E= Expected count, d.f. =degree of freedom, x?= chi-square value

Table 3.2.2: Expected versus observed distribution of non-malignant hematological disorders by age
groups based on bone marrow aspiration in population of Khyber Pakhtunkhwa, Pakistan

Age groups 0] E O-E (O-E)2 | (O-E)2/E X2 d.f. P-value

<17 years (Child) 31 29 02 004 00.14

18-35 years (Young 57 29 28 784 | 27.03

adult)

36.55 (Mid 44.41 3 <.00001
-55 years (Mid- i

dle-aged adult) 19 29 10 100 03.45

=56 years (Older adult) 09 29 -20 400 13.79

Total 116 116 Chi-square goodness-of-fit H 2 rejected at a.05

O= Observed count, E= Expected count, d.f. =degree of freedom, x?= chi-square value

DISCUSSION

4.1 Research is an activity to solve a problem for a
specified population. Hereby we specified/ defined/
identified our population of interest, draw a sample,
described our sample by count and percentage for
the distribution of the disease of interest by sex, age
groups and type of the disease as variables (descrip-
tive statistics). Then we described our population
by inferring our sample results on to the popula-
tion (estimation of parameter- inferential statistics)
through confidence interval (Cl) for proportion at
80% confidence level (CL). Next we compared the ex-
pected population parameters for proportion against
observed sample statistics to see if the distribution of
the disease is same in the population versus sample
by sex and age groups through two null hypotheses
using chi-square goodness-of-fit test.

In discussion, the author is supposed to compare
his population results to other populations; local, na-
tional, regional and global to see which populations
match and which don’t match to his results. But the
available literature on the topic shows that almost
all studies have started research form the sample
and ended on the sample, with no mention of their
specified population, no mention of Cl for proportion
or hypothesis testing for their populations. Then we
have no way but to compare our sample results to
the sample results of other relevant studies, consid-
ering sample statistics as point estimates for their
populations.

4.2 Like our study, many studies have combined data
for non-hematological disorders with non-malignant

hematological disorders; few studies have analyzed
these two separately. In such cases like reference No.
19, we have counted these collectively as a denomi-
nator for calculating percentages for those studies for
comparison to our study as we have analyzed data
for both these collectively. In other studies, malignant
hematological cases are included with non-malignant
hematological cases; we have separated non-malig-
nant cases for calculating counts and percentages
from malignant hematological cases for comparison
to our study.

4.3 Distribution of non-malignant hematological
disorders by sex based on bone marrow aspira-
tion (Objective 4, H 1)

4.3.1 Regarding sex, the prevalence rate of non-ma-
lignant hematological disorders in our sample and
population was higher for men 54.31% (80% ClI
48.38-60.24%) than women 45.69% (80% CI 39.76-
51.62%).

4.3.2 Regarding H 1, we expected equal frequency
(count) i.e. 1:1 relationship of men to women of
non-malignant hematological disorders in our pop-
ulation. It will be 58:58 for men versus women for
a sample of 116. The observed counts for sample
were 63:53 for men versus women. These counts
for population were compared to sample through
chi-square goodness-of-fit test. P-value of .3532 was
more than alpha value of .05, so H 1 was proved to
be true and hence accepted, showing that the sta-
tistical model of the population fits the observations.
In simple words the distribution of non-malignant
hematological disorders for men and women in the

Gomal Journal of Medical Sciences April-dune 2019, Vol. 17, No. 2 33



Mohammad Riazuddin Ghori, et al.

population was similar to their observed distribution
in the sample.

4.3.3 Similar to our study, higher prevalence rate for
men 54.76% (92/168) than women 45.24% (76/168)
was noted by Anjum, et al.19 for the years 2011-2013
from Abbottabad, Pakistan, by Gandapur, et al.*® men
66.66% (380/570) versus women 33.34% (190/570)
for the years 2007-2012 from Abbottabad, Pakistan,
by Chowdhury, et al.2 men 61.84% (94/152) versus
women 38.16% (58/152) for the years 2012-2017
from Savar, Bangladesh, and by Kibria et al.* men
62.71% (111/177) versus women 37.29% (66/177)
for the years 2007-2009 from Faridpure, Bangladesh.

Almost equal prevalence rate for men 49.3% (73/148)
and women 50.7% (75/148) was given by Munir, et
al.® for the years 2011-2013 from Kohat, Pakistan.

Higher prevalence rate for women 45.22% (71/157)
than men 54.78% (86/157) was published by Munir,
et al.? for the year 2013 from Peshawar, Pakistan
and by Ranabhat, et al.23 women 56% (89/159)
versus men 44% (70/159) for the years 2013-2015
from Chitwan, Nepal.

4.4 Distribution of non-malignant hematological
disorders by age groups based on bone marrow
aspiration (Objective 5, H 2)

4.4.1 Regarding the age groups, the prevalence rate
of non-malignant hematological disorders in our
sample and population was highest for age group
18-35 years (young adult) i.e. 49.14% (80% Cl 43.19-
55.09%) than the other three age groups.

4.4.2 Regarding H 2, we expected equal frequency
(count) i.e. 1:1:1:1 relationship for four age groups
of non-malignant hematological disorders in our
population. It will be 29:29:29:29 for four age groups
for a sample of 116. The observed counts for sam-
ple were 31:57:19:09 for four age groups. These
counts for population were compared to sample
through chi-square goodness-of-fit test. As p-value
of <.00001 was less than alpha value of .05, so H 2
was proved to be false and hence rejected, showing
that the statistical model of the population doesn’t
fit the observations. In simple words the distribution
of non-malignant hematological disorders for four
age groups in the population was not similar to their
observed distribution in the sample.

4.4.3 We have four meaningful age groups. Many
studies show some other number of age groups,
hence not comparable to our study. But still we
are giving the age groups with highest and lowest
prevalence rates from other studies. Anjum, et al.'
showed the highest prevalence rate of 20.83%
(35/168) for age group 21-30 years and lowest 4.17%
(7/168) for age group 91-100 years out of 10 groups
for the years 2011-2013 from Abbottabad, Pakistan.
Chowdhury, et al.21 showed the highest prevalence
rate of 42.76% (65/152) for age group >45 years
and lowest 10.53% (16/152) for <15 years out of

four age groups for the years 2012-2017 from Savar,
Bangladesh. Kibria et al.* showed the highest prev-
alence rate of 19.21% (34/177) for age group 20-29
years and lowest 3.39% (6/177) for >70 years out
of seven age groups for the years 2007-2009 from
Faridpure, Bangladesh. Munir, et al.® showed the
highest prevalence rate of 22.3% (33/148) for age
group <10 years and lowest 7.4% (11/148) for both
40-49 and 50-59 years out of seven age groups for
the years 2011-2013 from Kohat, Pakistan. Ranabhat,
et al.23 showed the highest prevalence rate 0f 49.1%
(78/159) for age group 26-40 years and lowest 3.8%
(6/159) for >56 years out of four age groups for the
years 2013-2015 from Chitwan?®, Nepal.

4.5 Distribution of non-malignant hematological
disorders by type of disease based on bone mar-
row aspiration (Objective 3)

4.5.1 The prevalence rate of hemolytic anemia in our
sample and population was 14.66% (80% CI 10.45-
18.86%) respectively.

Lower rates were reported by Anjum, et al.’® as 8.65%
(9/104) for the years 2011-2013 from Abbottabad and
by Gandapur, et al.?® as 2.4% (10/417) for the years
2007-2012 from Abbottabad, Pakistan.

Zero cases were reported from Kohat?®, Pakistan,
Faridpure®, Bangladesh, Savar®', Bangladesh, and
Chitwan?, Nepal.

No study could be found in literature having higher
or equivalent prevalence rate to our population.

4.5.2 The prevalence rate of megaloblastic anemia
in our sample and population was 13.79% (80% CI
9.69-17.9%) respectively.

Higher rates were reported by Gandapur, et al.?°
as 31.41% (131/417) for the years 2007-2012 from
Abbottabad, by Anjum, et al.’® as 29.8% (31/104)
for the years 2011-2013 from Abbottabad, Pakistan,
and by Munir, et al.? as 27.27% (27/99) for the years
2011-2013 from Kohat, Pakistan.

Lower rate was published by Chowdhury, et al.?" as
4.88% (4/82) for the years 2012-2017 from Savar,
Bangladesh.

No study could be found in literature having equiv-
alent prevalence rate to our population.

4.5.3 The prevalence rate of bone marrow hypoplasia
in our sample and population was 12.07% (80% CI
8.19-15.95%) respectively.

Lower rates were reported by Gandapur, et al.?° as
7.19% (30/417) for the years 2007-2012 from Abbot-
tabad, and by Anjum, et al.’® as 1.92% (2/104) for the
years 2011-2013 from Abbottabad, Pakistan.

Zero cases of bone marrow hypoplasia were report-
ed from Kohat?®, Pakistan, Faridpure?*, Bangladesh,
Savar?', Bangladesh, Peshawar??, Pakistan and
Chitwan?, Nepal.

4.5.4 The prevalence rate of iron deficiency anemia
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in our sample and population was 11.21% (80% CI
7.45-14.96%) respectively.

Higher rates were published by Anjum, et al.’® as
19.23% (20/104) for the years 2011-2013 from Abbot-
tabad and by Gandapur, et al.?° as 18.94% (79/417)
for the years 2007-2012 from Abbottabad, Pakistan
and by Munir, et al.® as 14.14% (14/99) for the years
2011-2013 from Kohat, Pakistan.

Zero cases of iron deficiency anemia were reported
from Savar?', Bangladesh and from Chitwan?, Nepal.

4.5.5 The prevalence rate of mixed deficiency anemia
in our sample and population was 7.76% (80% CI
4.57-10.94%) respectively.

Similar rate was reported by Anjum, et al.'® as 7.69%
(8/104) for the years 2011-2013 from Abbottabad
and lower rate was reported by Gandapur, et al.?°
as 0.48% (2/417) for the years 2007-2012 from Ab-
bottabad, Pakistan.

Zero cases of mixed deficiency anemia were reported
from Kohat?, Pakistan, Savar?', Bangladesh, Pesha-
war??, Pakistan and Chitwan?®, Nepal.

4.5.6 The prevalence rate of ITP in our sample
and population was 7.76% (80% Cl 4.57-10.94%)
respectively.

Higher rates were published by Chowdhury, et al.?’
as 18.29% (15/82) for the years 2012-2017 from Sa-
var, Bangladesh, by Munir, et al.® as 15.15% (15/99)
for the years 2011-2013 from Kohat, Pakistan, by
Gandapur, et al.2° as 8.87% (37/417) for the years
2007-2012 from Abbottabad.

Lower rate was reported by Anjum, et al.’® as 1.92%
(2/104) for the years 2011-2013 from Abbottabad,
Pakistan.

4.5.7 The prevalence rate of aplastic anemia in our
sample and population was 6.89% (80% CI 3.88-
9.91%) respectively.

Higher rates were published by Chowdhury, et al.2' as
28.04% (23/82) for the years 2012-2017 from Savar,
Bangladesh and by Munir, et al.® as 13.13% (13/99)
for the years 2011-2013 from Kohat, Pakistan.

Lower rate was noted by Anjum, et al.’® as 5.77%
(6/104) for the years 2011-2013 from Abbottabad and
by Gandapur, et al.?° as 2.4% (10/417) for the years
2007-2012 from Abbottabad, Pakistan.

4.5.8 The prevalence rate of bi-lineage cytopenia
in our sample and population was 6.03% (80% CI
3.2-8.87%) respectively.

Zero cases of bi-lineage cytopenia were reported
from Kohat®, Pakistan, Faridpure*, Bangladesh,
Abbottabad'®?°, Pakistan, Savar?!, Bangladesh, Pe-
shawar??, Pakistan and Chitwan?, Nepal.

4.5.9 The prevalence rate of erythroid hyperplasia
in our sample and population was 2.59% (80% CI
0.7-4.47%) respectively.

Higher rate was published by Chowdhury, et al.?' as

10.98% (9/82) for the years 2012-2017 from Savar,
Bangladesh and similar rate to our study was pub-
lished by Munir, et al.® as 3.03% (3/99) for the years
2011-2013 from Kohat, Pakistan.

Zero cases of erythroid hyperplasia were reported
from Faridpure*, Bangladesh, Abbottabad'®?°, Pa-
kistan, Peshawar??, Pakistan and Chitwan?, Nepal.

4.5.10 The prevalence rate of malaria in our sample
and population was 1.72% (80% CI 0.18-3.27%)
respectively.

Higher rate was published by Munir, et al.® as 4.04%
(4/99) for the years 2011-2013 from Kohat, Pakistan
and lower rate was published by Gandapur, et al.?°
as 0.72% (3/417) for the years 2007-2012 from Ab-
bottabad.

Zero cases of malaria were reported from Faridpure?,
Bangladesh, Abbottabad'®, Pakistan, Savar?', Ban-
gladesh, and Chitwan?, Nepal.

4.5.11 The prevalence rate of diluted bone marrow
in our sample and population was 15.52% (80% Cl
11.21-19.83%) respectively.

Lower rate was noted by Anjum, et al.’”® as 0.96%
(1/104) for the years 2011-2013 from Abbottabad,
Pakistan.

Zero cases of diluted bone marrow were reported
from Kohat®, Pakistan, Faridpure*, Bangladesh,
Abbottabad®, Pakistan, Savar?', Bangladesh, Pe-
shawar??, Pakistan and Chitwan?3, Nepal.

CONCLUSION

Hemolytic anemia was the most common disorder
followed by megaloblastic anemia and bone marrow
hypoplasia based on bone marrow aspiration in
population of Khyber Pakhtunkhwa, Pakistan.
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