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PERAN POLIMORFISME GEN MTHFR C665T DALAM KEJADIAN 

ANEMIA MAKROSITIK PADA PENDERITA TERINFEKSI HIV  

YANG MENDAPAT TERAPI Zidovudine 

(STUDI CASE CONTROL PADA ETNIS JAWA) 

DANIS PERTIWI 

T501508015 

ABSTRAK 

Latar Belakang: Anemia makrositik merupakan anemia yang paling banyak 

ditemukan pada penderita terinfeksi HIV yang mendapat zidovudine dan 

berhubungan  erat dengan defisiensi folat dan vitamin B12. Enzim methylen-tetra-

hidrofolate-reductase (MTHFR) berperan penting dalam transmetilasi 

homosistein menjadi metionin dalam sintesis DNA. Homosisteinemia (>10 

μmol/L) menunjukkan defisiensi folat dan vitamin B12, sedangkan peningkatan 

kadar methylmalonic acid (MMA) merupakan parameter spesifik pada defisiensi 

vitamin B12. Polimorfisme MTHFR C665T dapat menurunkan aktivitas enzim 

MTHFR yang mengakibatkan homosisteinemia. Kajian tentang peran 

polimorfisme gen MTHFR C665T dalam kejadian anemia makrositik pada 

penderita terinfeksi HIV etnis Jawa yang mendapat zidovudine sejauh ini belum 

pernah dilakukan.  

Metode: Desain penelitian ini adalah unmatched case control. Subjek penelitian 

merupakan penderita terinfeksi HIV dewasa, etnis Jawa dan menggunakan 

zidovudine ≥4 minggu. Sebanyak 232 orang dibagi menjadi kelompok kasus 

(anemia makrositik) dan kelompok kontrol (tidak anemia). Uji Chi square, Mann 

Whitney U dan Fischer Exact digunakan untuk menganalisis hubungan 2 variabel. 

Analisis regresi logistik ganda digunakan untuk mencari faktor risiko dalam 

kejadian anemia makrositik dengan p<0,05. 

Hasil: Polimorfisme gen MTHFR C665T tidak berperan dalam kejadian anemia 

makrositik (OR=1,31; p=0,453), peningkatan kadar homosistein >10 μmol 

(OR=1,0; p=1,000), peningkatan kadar MMA >24,8 ng/mL (OR=2,93;  p=0,276). 

Kadar homosistein >10 μmol/L (OR=0,33; 95% CI=0,18-0,62; p<0,001) dan 

pemakaian zidovudine >6 bulan (OR=0,19; 95% CI=0,06-0,58; p=0,004) berperan 

sebagai faktor proteksi dalam kejadian anemia makrositik, sedangkan kadar MMA 

>24,8 ng/mL (OR=0,33; 95% CI=0,03-3,20; p=0,622) tidak berperan dalam 

kejadian anemia makrositik. Kelompok usia 40-49 tahun (OR=3,13; 95% 

CI=1,06-9,22; p=0,038), kelompok usia 50-59 tahun (OR=6,07; 95% CI=1,86-

19,77; p=0,003) serta tingkat pendidikan rendah (OR=2,78; 95% CI=1,47-5,23; 

p=0,002) merupakan faktor risiko dalam kejadian anemia makrositik.   

Kesimpulan: Polimorfisme gen MTHFR C665T tidak berperan dalam kejadian 

anemia makrositik pada penderita terinfeksi HIV etnis Jawa yang mendapat terapi 

zidovudine.  

Kata kunci: Polimorfisme, MTHFR, anemia makrositik, HIV, zidovudine 
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ROLE OF MTHFR C665T POLYMORPHISM ON MACROCYTIC ANEMIA 

IN HIV-INFECTED PATIENTS WHO RECEIVED Zidovudine 

(CASE CONTROL STUDY AMONG JAVANESE ETHNIC GROUP) 

DANIS PERTIWI 

T501508015 

ABSTRACT 

Background: Macrocytic anemia is the most common anemia in HIV-infected 

patients who received zidovudine, closely related to folate and vitamin B12 

deficiencies. MTHFR (methylene-tetra-hydrofolate-reductase) plays an important 

role in the transmethylation of homocysteine to methionine and is related to DNA 

synthesis. Homocysteinemia (>10 μmol/L) indicates folate and vitamin B12 

deficiencies. Increased MMA levels are the most specific parameter for vitamin 

B12 deficiency. MTHFR C665T polymorphism decreases the activity of MTHFR 

which results in homocysteinemia. The study of the role of the MTHFR C665T 

polymorphism on macrocytic anemia in Javanese HIV-infected patients who 

received zidovudine so far has never been done. 

Method: The design of this study was unmatched case control. Adult Javanese 

HIV-infected patients, using zidovudine ≥4 weeks were the subjects of the study. 

A sample of 232 people were divided into case groups (macrocytic anemia) and 

control groups (no anemia). Bivariate correlation were evaluated using Chi 

square, Mann Whitney U and Fischer Exact tests and multiple logistic regression 

was used to determine the risk factors for macrocytic anemia. 

Results: MTHFR C665T polymorphism did not contribute to the incidence of 

macrocytic anemia (OR=1.31; p=0.453), increased homocysteine levels >10 

μmol/mL (OR=1.0; p=1.000), and increased levels of MMA >24.8 ng/mL 

(OR=2.93;  p=0.276) in Javanese HIV-infected patients who received zidovudine. 

Homocysteine levels >10 μmol/mL (OR=0.33; 95% CI=0.18-0.62; p<0.001) and 

length of zidovudine consumption >6 months (OR=0.19; 95% CI=0.06-0.58; 

p=0.004) act as protective factors of  macrocytic anemia, while MMA levels 

>24,8 ng/mL (OR=0.33; 95% CI=0.03-3.20; p=0.622) did not play a role in the 

incidence of macrocytic anemia. The age groups 40-49 years (OR=3.13; 95% 

CI=1.06-9.22; p=0.038), 50-59 years (OR=6.07; 95% CI=1.86-19.77; p=0.003) 

and low education level (OR=2.78; 95% CI=1.47-5.23; p=0.002) were risk factors 

of macrocytic anemia.  

Conclusion: MTHFR C665T polymorphism did not contribute to the incidence of 

macrocytic anemia in Javanese HIV-infected patients who received zidovudine. 

Keywords: Polymorphism, MTHFR, macrocytic anemia, HIV, zidovudine 
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RINGKASAN DISERTASI 

PERAN  POLIMORFISME GEN MTHFR C665T DALAM KEJADIAN 

ANEMIA MAKROSITIK PADA PENDERITA TERINFEKSI HIV  

YANG MENDAPAT TERAPI Zidovudine 

(STUDI CASE CONTROL PADA ETNIS JAWA) 

 

Danis Pertiwi 

T501508015 

 

Infeksi HIV merupakan salah satu tantangan  kesehatan  masyarakat dunia. 

Jawa Tengah termasuk lima besar provinsi dengan kasus HIV terbanyak di 

Indonesia dengan jumlah kumulatif kasus sebesar 27.629 orang (sampai 

Desember  2018) dibandingkan angka nasional 327.282 orang (Ditjen Pencegahan 

dan Pengendalian Penyakit., 2019). Prevalensi anemia pada infeksi HIV  berkisar 

11,7%-92% (Geletaw et al., 2017). Patogenesis anemia pada infeksi HIV 

berhubungan dengan turunnya konsentrasi eritropoietin, infeksi oportunistik dan 

terapi zidovudine (Masaisa et al., 2011). Rejimen antiretroviral therapy yang 

digunakan di Indonesia mayoritas (96,9%) adalah rejimen orisinal lini pertama 

yang mengandung zidovudine (Ditjen Pencegahan dan Pengendalian Penyakit 

2019). Proporsi penderita terinfeksi HIV dengan anemia cukup tinggi setelah 6 

bulan terapi (Assefa et al., 2015). Sebagian besar (57,1%) anemia pada penderita 

terinfeksi HIV yang mendapat zidovudine adalah anemia makrositik 

(Wahyuwibowo et al., 2017). Anemia makrositik berhubungan erat dengan 

defisiensi vitamin B12 dan folat (Mahajan & Aundhakar 2015; Hoffbrand & Moss 

2016). Polimorfisme MTHFR merupakan salah satu faktor genetik yang 

berhubungan dengan kadar folat dan vitamin B12 (Ni et al., 2017; Haloi & Das 

2014). Polimorfisme MTHFR C665T menyebabkan termolabilitas yang 

mengakibatkan penurunan 50% aktivitas enzim MTHFR (Micheal et al., 2009) 

yang berdampak pada meningkatnya kadar serum homosistein (Pramukarso et al., 

2015). Peningkatan kadar MMA merupakan petanda yang spesifik untuk 

defisiensi vitamin B12 (Carmel., 2014). 

Penelitian ini bertujuan membuktikan dan menganalisis peran 

polimorfisme MTHFR C665T dalam kejadian anemia makrositik, peningkatan 

kadar homosistein >10 μmol/mL, dan peningkatan kadar MMA >24,8 ng/mL. 

Selain itu, untuk membuktikan dan menganalisis peran kadar homosistein dan 

kadar MMA dalam kejadian anemia makrositik, serta lama pemakaian zidovudine 

dalam kejadian anemia makrositik. Penelitian ini juga mencari faktor risiko yang 

berperan dalam kejadian anemia makrositik penderita terinfeksi HIV yang 

mendapat terapi zidovudine. 

Penelitian ini menggunakan desain unmatched case control. Subjek 

penelitian adalah penderita terinfeksi HIV dewasa, etnis Jawa, telah menggunakan 

zidovudine ≥4 minggu. Sebanyak 232 subjek dibagi menjadi kelompok kasus 

(anemia makrositik) dan kelompok kontrol (tidak anemia). Hubungan bivariat 

dianalisis dengan uji Chi square, Mann Whitney U dan Fischer Exact. Faktor 
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risiko yang berperan dalam kejadian anemia makrositik dianalisis menggunakan 

uji multivariat dengan regresi logistik ganda.  

Pada penelitian ini didapatkan 60  (25,9%) subjek memiliki polimorfisme 

gen MTHFR C665T, 33 (28,4%) subjek pada kelompok kasus dan 27 (23,3%) 

pada kelompok kontrol. Polimorfisme gen MTHFR C665T tidak berperan sebagai 

faktor risiko dalam kejadian anemia makrositik pada penderita terinfeksi HIV 

yang mendapat terapi zidovudine karena polimorfisme gen MTHFR C665T saja 

tidak berkontribusi kuat pada peningkatan risiko anemia makrositik. Faktor 

genetik lain dan faktor non genetik (status folat, status riboflavin, efek 

pengobatan, dan usia) dapat memodifikasi risiko adanya polimorfisme gen 

MTHFR C665T pada individu (Ueland & Rozen., 2005; Yang et al., 2013). 

MTHFR berinteraksi dengan protein-protein lain seperti methionine synthase 

(MS)/5-methyltetrahydrofolate-homocysteine methyl transferase (MTR) dan 

methylenetetrahydrofolate dehydrogenase (MTHFD1) yang juga terlibat pada 

jalur metabolisme homosistein (Rahimi et al., 2019; Blom & Smulders., 2011). 

Penelitian terdahulu mendapatkan bahwa polimorfisme MTHFR C665T tidak 

berhubungan signifikan dengan anemia, namun polimorfisme MTHFR C665T 

berhubungan signifikan dengan defisiensi folat dan vitamin B12. Hal ini 

menunjukkan bahwa faktor genetik (polimorfisme MTHFR C665T) tidak 

berkontribusi kuat terhadap risiko terjadinya anemia (Sukla et al., 2014).  

Polimorfisme gen MTHFR C665T tidak berperan dalam peningkatan kadar 

homosistein >10 µmol/L. Hal ini dimungkinkan karena jalur metabolisme 

homosistein yang kompleks (Rai., 2015). Pada jalur homosistein selain gen 

MTHFR juga melibatkan gen cystathionine synthase (CBS), reseptor 

transkobalamin 2 (TCN2) dan gen methionine synthase reductase (MTRR) 

(Mitchell et al., 2014). Kadar homosistein dapat turun dengan adanya insersi 68 

bp gen CBS dan transisi A2756G gen MS, sedangkan transisi C665T gen MTHFR 

dapat meningkatkan kadar homosistein plasma. Faktor penentu genetik kadar 

homosistein plasma pada orang Asia sangat bervariasi antara lain CBS 844ins68, 

MS 2756G, MTHFR 665T (Yakub et al., 2012). Polimorfisme gen CBS C699T, 

T1080C, dan kelainan genetik pada enzim MTHFR serta enzim methionine 

synthase (MS) mempengaruhi metabolisme homosistein. Selain faktor genetik, 

metabolisme tersebut juga dipengaruhi oleh faktor lain seperti diet, usia dan 

lingkungan (Mitchell et al., 2014). Polimorfisme gen MTHFR C665T dengan 

genotip TT pada penelitian ini proporsinya sangat kecil (2,6% total subjek 

penelitian) sehingga analisis statistik kurang memadai untuk menilai adanya peran 

polimorfisme gen MTHFR C665T dalam peningkatan kadar homosistein 

(Mischoulon et al., 2012).  

Polimorfisme gen MTHFR C665T tidak berperan dalam peningkatan kadar 

MMA >24,8 ng/mL pada penelitian ini. Jumlah subjek penelitian dengan kadar 

MMA >24,8 ng/mL proporsinya sangat kecil (1,7% dari total subjek penelitian) 

sehingga analisis statistik kurang memadai untuk menilai peran polimorfisme gen 

MTHFR C665T dalam peningkatan kadar MMA >24,8 ng/mL. Sampai saat ini 

peran polimorfisme gen MTHFR C665T masih kontroversial karena hal-hal yang 

mempengaruhi polimorfisme sangat multifaktorial (Ueland & Rozen., 2005). 

Yasar et al (2012) mendapatkan polimorfisme gen MTHFR C665T tidak 
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berhubungan signifikan dengan kadar vitamin B12, kadar folat dan kadar 

homosistein pada penderita vitiligo. 

Pada penelitian ini kadar homosistein >10 µmol/L merupakan faktor 

proteksi dalam kejadian anemia makrositik pada penderita terinfeksi HIV yang 

mendapat terapi zidovudine. De Larranaga et al. (2003) mendapatkan hubungan 

erat antara hiperhomosisteinemia dengan defisiensi folat, namun kadar 

homosistein tidak berhubungan dengan efek samping pemakaian zidovudine. 

Sangat dimungkinkan bahwa anemia makrositik pada subjek penelitian tidak 

disebabkan oleh defisiensi vitamin B12 dan folat karena berdasar analisis statistik, 

homosisteinemia merupakan faktor proteksi dalam kejadian anemia makrositik 

(OR=0,33; 95% CI=0,18-0,62; p<0,001).  

Kadar MMA tidak berperan dalam kejadian anemia makrositik pada 

penderita terinfeksi HIV etnis Jawa yang mendapat zidovudine. Adanya defisiensi 

vitamin B12 tidak terbukti baik pada kelompok kontrol maupun kasus yang 

ditunjukkan dengan rata-rata kadar MMA masih dalam rentang rujukan (<24,8 

ng/mL). Penelitian terdahulu mendapatkan bahwa defisiensi vitamin B12 terbukti 

membaik dan kadar vitamin B12 baik serum maupun urin meningkat setelah 

pemberian ARV (Adediran et al., 2016; Semeree et al., 2012; Owiredu., 2012).  

Lama pemakaian zidovudine >6 bulan berperan sebagai faktor proteksi 

dalam kejadian anemia makrositik pada penderita terinfeksi HIV yang mendapat 

terapi zidovudine. Pemakaian ARV dapat memperbaiki profil hematologi secara 

signifikan, yaitu peningkatan kadar Hb dan peningkatan jumlah eritrosit setelah 6 

bulan pengobatan. ARV dapat menurunkan kejadian infeksi oportunistik, anemia 

penyakit kronis, dan meningkatkan status gizi pasien (Geletaw et al. 2017; 

Enawgaw et al., 2014; Assefa et al., 2015; Gedefaw et al. 2013).  

Tingkat pendidikan rendah memiliki risiko 2,78 kali untuk mengalami 

anemia makrositik dibanding kelompok tingkat pendidikan tinggi pada penderita 

terinfeksi HIV yang mendapat terapi zidovudine. Pasien dengan pendidikan 

rendah tidak patuh dalam mengonsumsi ARV (Eyassu., 2016). Kepatuhan 

mengonsumsi ARV sangat penting bagi keberhasilan pengobatan HIV dalam 

menekan replikasi virus dan menurunkan risiko resistensi obat sehingga 

morbiditas dan mortalitas dapat dicegah (Ubra., 2012; Mugoh et al., 2016). 

Pengetahuan tentang kesehatan merupakan salah satu faktor predisposisi yang 

mempengaruhi perilaku kesehatan seseorang (Notoatmodjo., 2014). 

Kelompok usia 40-49 tahun memiliki risiko 3,13 kali dan kelompok usia 

50-59 tahun memiliki risiko 6,07 kali dibanding kelompok usia 20-29 tahun untuk 

mengalami kejadian anemia makrositik pada  penderita terinfeksi HIV yang 

mendapat terapi zidovudine. Assefa et al. (2015) mendapatkan bahwa seiring 

bertambahnya usia maka terjadi peningkatan risiko 2,4 kali untuk mengalami 

anemia karena dengan bertambahnya usia, menunjukkan adanya peningkatan 

resistensi sel induk hematopoietik terhadap eritropoietin (EPO). Kaushansky et al. 

(2016) mendapatkan bahwa penuaan berhubungan dengan peningkatan sitokin pro 

inflamasi yang banyak berkontribusi terhadap resistensi EPO. Selain itu, organ 

timus yang menghasilkan berbagai faktor pertumbuhan akan berinvolusi sehingga 

eritropoesis terganggu.  
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SUMMARY OF DISSERTATION 

 

THE ROLE OF MTHFR C665T POLYMORPHISM ON MACROCYTIC 

ANEMIA IN HIV-INFECTED PATIENTS WHO RECEIVED ZIDOVUDINE 

(CASE CONTROL STUDY AMONG JAVANESE ETHNIC GROUP) 

 

Danis Pertiwi 

T501508015 

 

HIV infection is one of the challenges of global public health. Central Java 

is among the top five provinces with the most HIV cases in Indonesia with the 

cumulative number of cases was 27,629 people (as of December 2018) compared 

to the national figure of 327,282 people (Ditjen Pencegahan dan Pengendalian 

Penyakit., 2019). The prevalence of anemia in HIV infection ranges from 11.7% -

92% (Geletaw et al., 2017). The pathogenesis of anemia in HIV infection is 

associated with erythropoietin concentration, opportunistic infections and 

zidovudine therapy decrease (Masaisa et al., 2011). The majority of antiretroviral 

therapy regimens used in Indonesia (96.9%) were first-line original regimens 

which contain zidovudine (Ditjen Pencegahan dan Pengendalian Penyakit., 2019). 

The proportion of anemia in HIV patients is reported as relatively high after 6 

months of therapy (Assefa et al., 2015). Most (57.7%) of anemia in HIV patients 

who received zidovudine was macrocytic anemia (Wahyuwibowo et al., 2017). 

Macrocytic anemia was closely related to vitamin B12 and folate deficiency 

(Mahajan & Aundhakar 2015; Hoffbrand & Moss 2016). MTHFR polymorphism 

is a genetic factor associated with folate and vitamin B12 levels (Ni et al., 2017; 

Haloi & Das 2014). MTHFR polymorphism C665T led to thermolability which 

results in a 50% reduction in MTHFR enzyme activity (Micheal et al., 2009) and 

increasing homocysteine serum levels (Pramukarso et al., 2015). The  increasing 

of MMA levels are specific markers for vitamin B12 deficiency (Carmel., 2014). 

This study aimed to determine the role of MTHFR C665T polymorphisms 

on macrocytic anemia, the role of MTHFR C665T polymorphisms on 

homocysteine levels, and the role of MTHFR C665T polymorphisms on MMA 

levels. In addition, it also aimed to find out the role of homocysteine levels and 

MMA levels on macrocytic anemia, as well as to comprehend the role of 

zidovudine consumption length in macrocytic anemia. The study also aimed to 

identify  risk factors of macrocytic anemia of HIV patients who received 

zidovudine therapy. 

The design of this study was unmatched case control. The subjects of the 

study were adult HIV patients, Javanese ethnic, who received zidovudine at least 

for 4 weeks. A total of 232 subjects were divided into case group (who suffered 

from macrocytic anemia) and control group (no anemia). Bivariate correlations of 

the evaluated variables were analyzed applying Chi square, Mann Whitney U and 

Fischer Exact tests. Risk factors of macrocytic anemia were analyzed using 

multivariate tests with multiple logistic regression. 
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Sixty (25.9%) subjects in this study had MTHFR C665T polymorphisms, 

33 (28.4%) subjects of the case groups and 27 (23.3%) of the control groups. 

MTHFR C665T polymorphism was not evidenced as risk factor of the incidence 

of macrocytic anemia in HIV patients receiving zidovudine because the 

polymorphism of the MTHFR C665T alone does not strongly contribute to the 

increased risk of macrocytic anemia. Other genetic factors and non-genetic factors 

(folate status, riboflavin status, treatment effects, and age) can modify the risk of 

MTHFR C665T polymorphisms in individuals (Ueland & Rozen., 2005; Yang et 

al., 2013). MTHFR enzyme interacts with other proteins such as methionine 

synthase (MS) / 5-methyltetrahydrofolate-homocysteine methyl transferase 

(MTR) and methylenetetrahydrofolate dehydrogenase (MTHFD1), which are also 

involved in the homocysteine metabolic pathway (Rahimi et al., 2019; Blom & 

Smulders, 2011). Previous study reported that MTHFR C665T polymorphism was 

not significantly associated with anemia, on the other hand it  was significantly 

associated with folate deficiency and vitamin B12. This indicates that genetic 

factors (MTHFR C665T polymorphism) do not strongly contribute to the anemia 

risk (Sukla et al., 2014). 

MTHFR C665T polymorphism has no role in increasing homocysteine 

levels (> 10 µmol/L). This is possible, as homocysteine metabolism pathway was 

complex (Rai., 2015). This pathway  also involves the cystathionine synthase 

(CBS) gene, transcobalamin 2 receptor (TCN2) and the methionine synthase 

reductase (MTRR) gene in addition to MTHFR gene (Mitchell et al., 2014). 

Homocysteine levels can decrease by the insertion of 68 bp CBS gene and 

A2756G MS gene transition, whereas the C665T transition MTHFR gene can 

increase plasma homocysteine levels. Genetic determinants of plasma 

homocysteine levels of Asian people vary widely including CBS 844ins68, MS 

2756G, MTHFR 665T (Yakub et al., 2012). CBS C699T, T1080C polymorphisms. 

Moreover, genetic abnormalities of the MTHFR enzyme and methionine synthase 

(MS) affect homocysteine metabolism. In addition to genetic factors, the 

metabolism is also influenced by other factors such as diet, age and environment 

(Mitchell et al., 2014). The number of Mutant genotype (TT) of MTHFR C665T 

polymorphism within this study was very small (2.6% of the total study subjects) 

therefore statistical analysis is inadequate (Mischoulon et al., 2012). 

MTHFR C665T polymorphism did not contribute to increasing MMA 

levels (> 24.8 ng / mL) in this study. The proportion of subjects with MMA 

levels> 24.8 ng/mL was very small (1.7% of total subjects) accordingly  statistical 

analysis was inadequate to assess the role of MTHFR C665T polymorphism on 

MMA levels. Up to the present, the role of MTHFR C665T polymorphism is still 

controversial because factors that influence polymorphism are very multifactorial 

(Ueland & Rozen., 2005). Yasar et al (2012) found that the MTHFR C665T 

polymorphism was not significantly related to vitamin B12 levels, folate levels 

and homocysteine levels in vitiligo patients. 

This study reported that homocysteine levels >10 µmol/L were protective 

factors of macrocytic anemia in HIV patients receiving zidovudine. De Larranaga 

et al. (2003) found a very strong correlation between hyperhomocysteinemia and 

folate deficiency, however homocysteine levels were not associated with side 
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effects of zidovudine consumption. It is likely that macrocytic anemia in study 

subjects was not resulted by vitamin B12 and folate deficiency as based on 

statistical analysis result, homocysteinemia was protective factor of macrocytic 

anemia (OR=0.33; 95% CI=0.18-0,62; p<0,001) 

MMA levels did not play a role in the incidence of macrocytic anemia in 

HIV-Javanese ethnic patients receiving zidovudine. The presence of vitamin B12 

deficiency was not evidenced either in the control groups or in the case groups 

indicated by the average MMA levels was within the reference range (<24.8 

ng/mL). Previous study reported that vitamin B12 deficiency was revealed to 

improve, both of serum and urine vitamin B12 levels increased after the 

administration of ARVs (Adediran et al., 2016; Semeree et al., 2012; Owiredu., 

2012). 

The length of zidovudine consumption >6 months acts as a protective 

factor of macrocytic anemia in HIV patients receiving zidovudine therapy. The 

use of antiretroviral drugs can improve the hematological profile significantly, 

such as an increase in hemoglobin levels and an increase in the number of 

erythrocytes after 6 months of treatment. ARVs can reduce the incidence of 

opportunistic infections, anemia of chronic diseases, and improve the nutritional 

status of patients (Geletaw et al. 2017; Enawgaw et al., 2014; Assefa et al., 2015; 

Gedefaw et al. 2013). 

Low education level subjects were likely to have a risk of 2.78 times to 

macrocytic anemia compared to the group of high education level  HIV patients 

who are receiving zidovudine therapy. Patients with low education were found to 

be not compliant in taking ARVs (Eyassu., 2016). Adherence to taking ARVs is 

very important for the success of HIV treatment in suppressing viral replication 

and reducing the risk of drug resistance so that morbidity and mortality can be 

prevented (Ubra., 2012; Mugoh et al., 2016). Knowledge about health prevention 

is one of the predisposition factors that influence individual’s health behavior 

(Notoatmodjo., 2014). 

The age group of 40-49 years were likely to have a risk of 3.13 times and 

the age group of 50-59 years were likely to have a risk of 6.07 times compared to 

the age group of 20-29 years to experience the incidence of macrocytic anemia. 

Assefa et al. (2015) found that as we get older there was an 2.4 times increased 

risk for anemia because with increasing of age, there would be an increase of 

hematopoietic stem cell resistance to erythropoietin (EPO). Kaushansky et al. 

(2016) reported that aging was associated with an increase in proinflammatory 

cytokines which greatly contributed to EPO resistance. In addition, the thymus 

organ which produces various growth factors will evolve which in turn affects 

distraction of erythropoiesis process.  
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KEPK  = Komisi Etik Penelitian Kedokteran 
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MCV  = Mean corpuscular volume 

MMA  = Methylmalonic acid 

MS  = Methionine Syntase 

mtDNA = Mitochondrial DNA  

MTHF  = Methylen Tetra Hydro Folate 

MTHFD1 =  Methylen Tetra Hydro Folate Dehydrogenase 1 

MTHFR = Methylen tetra hydro folate reductase 

MTR  = 5-methyltetrahydrofolate-homocysteine methyltransferase 

MTRR  = 5-methyltetrahydrofolate-homocysteine methyltransferase  

Reductase 

NADPH =  Nicotinamide adenine dinucleotide phosphate 

ODHA  =  Orang dengan HIV/AIDS 

OR  = Odd Ratio 

PCR  = Polymerase Chain Reaction 

PKC  = Protein kinase C 

RCD  = Receptor cluster of differentiation 

RDW  = Red Distribution Weidth 

RFLP  = Restriction Fragment Length Polymorphism 

ROS  = Reactive oxygen species 

SHMT  = Serine Hydroxy Methyl Transferase 

SNPs  = Single Nucleotide Polymorphisms 

TCN2  =  Transcobalamin 2 

TCR   = T-cell receptor 

Th  = T helper 

THF  = Tetra Hydro Folate 

TNF-α  = Tumor necrosis factor alpha 

WHO  = World Health Organization 
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