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Abstract
Objective: Differences in the morphology features of red blood cells in population groups who live in the lowlands 
areas and the highlands areas will affect the diagnosis and appropriate therapies. 
Methods: The method used is a cross-sectional study of 75 pregnant women (6-38 weeks gestational age) with 
anemia living in highland and lowland areas found at Massenrempulu Hospital and Sitti Khadijah I Hospital. 
Anemia in pregnant women is diagnosed as a hemoglobin level less than 11gr/dl in the 1st and 3rd trimesters 
or less than 10.5 gr/dl in the 2nd trimester. The patient's blood sample was taken intravenously and performed 
serological and peripheral blood examination. Data were processed using the SPSS program, analyzed using 
univariate and multivariate tests.
Results: In both results of the parametric and nonparametric test, ferritin levels showed a significant difference (p 
= 0.001), higher in the lowland areas group subjects (15.44 ± 36.92) compared to the highland areas group subjects 
(9.55 ± 30.16). There were no significant differences in morphology features (p> 0.05) between both groups.
Conclusion: This study showed no significant differences in morphology features between the two groups. The 
lowland areas group subjects had a significantly higher ferritin level than that of the highland areas group subjects.
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Perbandingan Gambaran Morfologi Darah Tepi Pasien Gravid dengan 
Anemia Yang Tinggal di Pesisir Pantai dan Daerah Pegunungan

Abstrak
Tujuan: Perbedaan ciri morfologi sel darah merah pada kelompok populasi yang tinggal di dataran rendah dan 
dataran tinggi akan mempengaruhi diagnosis dan terapi yang tepat.
Metode: Metode yang digunakan adalah studi potong lintang pada 75 ibu hamil (usia kehamilan 6-38 minggu) 
dengan anemia yang tinggal di dataran tinggi dan dataran rendah yang ditemukan di RS Massenrempulu dan RS 
Sitti Khadijah I. Anemia pada ibu hamil didiagnosis berdasarkan kadar hemoglobin kurang dari 11gr/dl pada 
trimester I dan III atau kurang dari 10,5 gr/dl pada trimester II. Sampel darah pasien diambil secara intravena dan 
dilakukan pemeriksaan serologis dan darah tepi. Data diolah menggunakan program SPSS, dianalisis menggunakan 
uji univariat dan multivariat.
Hasil: Pada hasil uji parametrik dan nonparametrik, kadar feritin menunjukkan perbedaan yang secara signifikan 
(p = 0,001), lebih tinggi pada subjek kelompok dataran rendah (15,44 ± 36,92) dibandingkan dengan subjek 
kelompok dataran tinggi (9,55 ± 30,16). Tidak ada perbedaan yang signifikan dalam morfologi darah tepi  (p> 
0,05) antara kedua kelompok.
Kesimpulan: Penelitian ini tidak menunjukkan perbedaan morfologi yang signifikan antara kedua kelompok. 
Subyek kelompok dataran rendah memiliki kadar feritin yang jauh lebih tinggi dibandingkan dengan subjek 
kelompok dataran tinggi.

Kata kunci: Morfologi darah tepi, kehamilan, anemia, dataran rendah, dataran tinggi
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Introduction 

Anemia is not only caused by nutritional 
deficiency but is multifactorial, including 
related to existing social factors. Anemia 
is also influenced by demographic factors 
including the altitude of residence above 
sea level. It is estimated that 20-30 million 
people in the world, live in highlands with 
elevations above 3000 meters. Research has 
proven that the prevalence of iron deficiency 
in this population is quite high, not because 
of nutritional factors but because of the 
high demand for iron due to the expansion 
of red blood cell mass.1,2 Differences in the 
morphology features of red blood cells in 
population groups who live in the lowlands 
areas and the highlands areas will affect the 
diagnosis and appropriate therapies. Anemia, 
which occurs in populations who live in areas 
with certain altitudes, will be influenced by 
many factors; e.g. tissue hypoxia reactions 
due to acclimatization and erythropoietin 
disorders, will affect the production of red 
blood cell counts and increase the risk of 
anemia. Giving a patient non-causative 
therapy will have a bad impact on the 
health of the mother and fetus. In addition 
to improper management, the cause of the 
disease is not treated, iron supplementation 
in gravid patients who do not have iron 
deficiency anemia is also dangerous so that 
tracing the cause of anemia with additional 
investigations is important to compare the 
morphology of the peripheral blood of 
pregnant women with anemia.

Method 

The method used, in this study, is a cross-
sectional design. The population was patients 
at Sitti Khadijah I Makassar Hospital 
(lowland areas) and Masenrempulu Enrekang 
Hospital (highland areas), beginning in May 
2020 until October 2020. Sampling was done 
by using consecutive sampling. Inclusion 

criteria: anemia with single, alive, intrauterine 
fetuses living in highland areas and lowland 
areas ≥3 months. Exclusion criteria: has a 
history of hereditary anemia or receiving 
medications that can decrease hemoglobin 
levels (cephalosporins, dapsone, etc). After 
informing the patient, their history was taken 
using questionaire, and blood samples were 
taken for examination of peripheral blood 
smears and ferritin levels. Data was analyzed 
using the Chi-Square test (expected value 
of <5). This study was granted by Ethical 
Committte of Hasanuddin University 241/
UN4.6.4.5.31/PP36/2020

Result

The highest body mass index (BMI) in 
the lowland areas group subjects has an 
overweight BMI (18 people), 17 people have 
a normal BMI, and one patient is classified as 
obese I. In the highland areas group subjects, 
20 people have a normal BMI, 18 overweight 
people, and one person with obese I. The 
most common anemia was normocytic 
anemia in both groups. The characteristics of 
the research subjects were age in the range 
<20-40 years, the average age is between 20-
30 years (71.8%). No baby was born with 
congenital defects or died. It was found that 
the majority of education level in the two 
groups was senior high school and the highest 
number of antenatal care participation is 4 
times during pregnancy. The most chosen 
places for ANC in both groups were at the 
primary health care. The majority of patients 
in both groups are housewives and most have 
taken iron tablets.

The occupation of the two groups is 
mostly housewives, which is 69 people (92%). 
The ANC places that are usually visited are 
different in the two groups, namely primary 
health care by 70.7% of the total subjects (53 
subjects), then obstetrics specialists by 16% 
(12 subjects), and midwife practice by 13.3% 
(10 subjects). 
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All babies from the research subjects 
were born alive (100%) with 39 were male 
babies (16 in the lowland areas group, 23 in 
the highland areas group) and 36 were female 
babies (20 in lowland areas group, 16 in the 
highland areas group). Protein consumption 
was also adequate for most of the research 
subjects (33 subjects from the lowland areas 
and 36 subjects from the highland areas). In 
this study, it can be seen that the administration 
of iron tablets to pregnant women has not been 
carried out properly. There are 11 subjects 
from the lowland areas group and 12 subjects 
from the highland areas group who have not 
received or consumed iron tablets regularly. 
The longest duration of consumption of iron 
tablets was 1 month at 15.9%.

In addition, the number of research 
subjects who could not remember the 
duration and number of iron tablets received 
(unable to recall the duration of consumption 
36.4% and the number of iron tablets 
received 37.4%) shows the importance of 
recording the supplements given to pregnant 
women. For research subjects with a history 
of illness during pregnancy as many as four 
subjects in the lowland areas group and 8 

subjects in the highland areas group. Two 
subjects in the lowland areas group and 6 
subjects in the highland areas group did not 
complete their treatment. Based on peripheral 
blood analysis, anemia is divided into 2 
groups, namely normocytic anemia and non-
normocytic anemia. Normocytic anemia 
by 80.6% (53 subjects). Non-normocytic 
anemia was divided into dysmorphic (6.4%) 
and microcytic (25.7%) anemia.

Based on the non-parametric test, we 
found that the ferritin levels was significantly 
higher than that in the lowland areas group. 
While in the morphology features between 
the subjects of the lowland areas and highland 
areas groups there was no significant 
difference (p>0.05).

In both parametric and nonparametric 
test results, it was found that only ferritin 
levels showed a significant difference 
(p=0.001) which was higher in the lowland 
areas group (15.45 ± 36.92) compared to 
the highland areas group (9.55 ± 30.17). For 
differences in morphology features, there was 
no significant difference (p>0.05) between 
regional groups..

In this study, the most common type 

Table  1  Analysis of Age and Complete Blood Count of Pregnant Woman with Anemia  
                Living in Highland areas and Lowland  Areas.

Variable Lowland areas
Mean ± SD

Highland areas   
Mean ± SD P

Age
27.50 ± 5.31 27.71 ± 4.51 0.39

HCt 31.25 ± 3.17 31.08 ± 3.55 0.64

MCV 77.01 ± 8.14 77.12 ± 7.42 0.37

MCH 22.46 ± 2.36 23.21 ± 1.99 0.13

Mono 0.43 ± 0.16 0.44 ± 0.17 0.17

Note: (Hct=Hematocrit, MCV=Mean Corpuscular Volume, MCH=mean corpuscular 
hemoglobin)
Based on the parametric test, there was no difference in the morphology features between 
the subjects of the lowland areas and highland areas groups (p>0.05). 
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Table  2  Comparative Analysis of Complete Blood Count and Ferritin Levels in Pregnant  
              Woman with Anemia who Live in Highland Areas and Lowland Areas.

Variable
Lowland areas Highland areas

p
Median (min-max) Median (min-max)

Wbc 10698.89 (6090-20350) 12614.08 (4609-3400) 0.24
RBC 4.01 (3.21-4.62) 4.03 (3.30-4.62)	 0.87
Hemoglobin 8.83 (7.4-10.0) 8.93 (6.4-10.0) 0.27
Plt 331333.33 (166000-2017000) 331333.33 (119000-450000) 0.11
Lymphocyte 2.26 (1.5-4.6) 2.32 (1.5-4.6) 0.79
Eosinophil 0.23 (0.1-0.8 0.32 (0.1-0.8) 0.61
Basophil 0.21 (0.1-0.9) 0.31 (0.1-3.2) 0.75
Ferritin 15.4 (0.4-154.7) 9.5 (0.16-138.3) 0.01

Note: (RBC=Red Blood Cell, Plt=Platelet, Wbc=White blood cell)

Figure 1 Distribution of Ferritin Levels in Pregnancy Woman with Anemia Living in  
                Highland Areas and Lowland Areas.

Lowland
Areas Highland
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of anemia found in subject was normocytic 
anemia, both groups living in the lowland 
areas (80.6%) or the highland areas (61.5%). 
Meanwhile, dysmorphic anemia is the rarest 
type of anemia was found in 12.8% subjects 
in highland areas group, but none in lowland 
areas group.

Based on the parametric test, there was 

no difference in the morphology features 
between lowland areas and highland areas 
groups p>0.05.

Based on parametric test, there was no 
significant difference in ferritin levels in the 
group of gravid patients living in lowland 
areas, either suffering from normochromic or 
non-normochromic anemia.

Table 3 Comparison of Peripheral Blood Smear Morphology of Pregnancy Woman with  
              Anemia Living in Highland Areas and Lowland Areas.

Area
Lowland 

areas (n=36) % Highland 
areas (n=39) % Total

Normocytic Anemia 29 80.6% 24 61.5% 53
Dismorphic Anemia 0 0.0% 5 12.8% 5
Microcytic Anemia 7 19.4% 10 25.6% 17
Total 36 100% 39 100% 75

Table 4 Comparison of Peripheral Blood Smear Morphology with Ferritin Levels in  
               Pregnancy Woman with Anemia Living in Lowland Areas

Type of Anemia N Feritin
Median (min-max) P value

Non Normochromic Anemia 7 5-27 (1,53 – 154,72) 0.51
Normochromic Anemia 29 4.09 (0.47-130.09)

Table 5 Comparison of Peripheral Blood Smear Morphology with Ferritin Levels in  
               Pregnant Woman with Anemia Living in Highland Areas

Type of Anemia N Feritin
Median (min-max) P value

Non Normochromic Anemia 15 1.48 (0.16 – 12.60)
0.64

Normochromic Anemia 24 2.52 (0.26-138.34)

Table 6 Comparison of Morphology of Peripheral Blood Smear with Ferritin Levels in  
              Pregnancy Woman with Anemia Living in Lowland Areas and Highland Areas

Type of  Anemia N Feritin
Median (min-max)

P value

Non Normochromic Anemia Lowland areas 7 5.27 (1,53 – 154,72) 0.03
Highland 

areas
15 1.48 (0.16 – 12.60)

Normochromic Anemia Lowland areas 29 4.09 (0.47-130.09)
0.01Highland 

areas
24 2.52 (0.26-138.34)
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Based on parametric test, there was 
a significant higher on ferritin levels in 
the pregnancy woman group who lived in 
lowland areas than highland areas.

Discussion 

The results of the peripheral blood smear 
examination in this study showed that 
there was no significant difference in the 
distribution of anemia in both groups. The 
research conducted by Purnakarya in 2016, of 
which pregnant women who live in highland 
areas have higher Hemoglobin.1. However, 
the results of this study are contradictive with 
previous research by Al-Sweedan in 2012. 

The study found that there were 
significant differences, on hemoglobin levels, 
MCV, and leukocyte counts in the highland 
areas group, while platelets/ platelets and 
blood cell distribution were higher the 
lowlands group. This difference is found 
when compared to people living above year 
1869. This study also found that the most 
likely cause of this difference was plasma 
dilution, but the theory and results regarding 
this difference are still unclear and there are 
many differences in results between studies.2

In this study, there were differences in the 
anemia type in both groups, where normocytic 
anemia dominated in both group subjects, 
namely 53 subjects from a total of 75 research 
subjects, followed by non-normocytic anemia 
(microcytic and dysmorphic) as many as 22 
subjects. Normocytic anemia in pregnancy 
can be caused, among others, by blood loss, 
failure of erythropoiesis, hemolysis, iron 
deficiency, and expansion of blood plasma 
volume. Meanwhile, microcytic anemia 
can occur due to iron deficiency and can be 
suspected because of thalassemia (if ferritin 
levels are <15ng/mL), further hemoglobin 
electrophoresis examination is necessary, 
while dysmorphic anemia can be found in 
conditions of myelodysplasia, post blood 
transfusion, and iron deficiency that has been 

diagnosed.3,4

The only significant difference was in 
the ferritin level in the blood, although both 
were low. The normal level of ferritin in the 
blood is 30-300 ng/mL and in some studies 
even levels <100 ng/mL have been included 
in iron deficiency anemia. This shows that in 
this study, the anemia that occurred was iron 
deficiency anemia.11 In the process of iron 
regulation, ferritin was previously known 
as an indicator of iron storage other than 
transferrin.

In absolute iron deficiency, low serum 
ferritin levels tend to reflect low iron stores, 
but other evaluations have been suggested 
such as transferrin saturation to rule out iron 
depletion from other causes. An analysis 
showed that ferritin was the most sensitive 
marker of iron stores. Consumption of certain 
food groups was not associated with low 
iron stores. However, two or more markers 
of anemia or iron deficiency at abnormal 
levels are more common in women who were 
overweight or obese before pregnancy. A 
history of miscarriage, gestational age, and 
pre-pregnancy overweight was associated 
with iron stores. Serum ferritin levels 
may be elevated during acute and chronic 
inflammatory disease, alcohol abuse, and 
cancer, conditions are commonly seen in 
areas where infectious and parasitic diseases 
are endemic.5,10

Based on research conducted by Govus 
et al., in 2015, it was found that people who 
have high mobility from the lowlands to the 
highlands can have lower ferritin levels. 
This is because ferritin will be used to make 
hemoglobin which is needed in adaptation 
to a low oxygen environment.6,7 Hypoxia 
caused by altitude causes changes in iron 
homeostasis and serum ferritin levels in the 
blood. This is related to erythropoiesis as a 
form of adaptation.7 

In a study conducted by Ocas-Cordova, 
it was found that high altitude only has an 
impact on hemoglobin when they are multiples 
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of 1000 meters above sea level. And even 
then with the difference in hemoglobin levels 
of ± 0.5 g / dL. Meanwhile, in other studies, 
new highlands are considered to affect the 
body when it has an altitude of more than 
2000 meters above sea level or even 3800 - 
4000 meters above sea level. The definition 
of anemia itself needs to be adjusted based on 
the height of the residence. 6,8a 

According to observations made by 
researchers during the study, the difference in 
hemoglobin levels in pregnant women in the 
highland areas and the lowland areas is caused 
by the iron intake of each pregnant woman in 
each region. In highland areas, iron can be 
obtained from meat and vegetables. While 
in lowland areas, iron can be obtained from 
marine products in the form of fish. There is 
more iron in fish than iron in meat. The iron 
content in fish is 3.5 mg per 100 grams, while 
the iron content in meat is 2.5 mg per 100 
grams. With the increase in the body’s need 
for iron in pregnant women. Thus, pregnant 
women in the lowland areas tend to develop 
hypochromic normocytic anemia which 
can be caused by other things compared to 
iron deficiency in the blood morphology of 
hypochromic microcytic anemia.9 

Conclusion 

There were no significant differences in the 
morphology of the peripheral blood smear 
examination  between both groups but there 
is a difference in ferritin levels which are 
higher in lowland areas group compared to 
the highland areas group subjects.
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