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In this edition of the Medical Journal of Indonesia, 
Mavridis et al1 reported a rare case of takotsubo 
cardiomyopathy. In this case, a pneumothorax 
patients suffered continuous shortness of 
breath although pulmonary collapse has been 
relieved after sealed drainage. Specific ST-
segment elevation on ECG along with elevation 
of troponin I, have led the physician to confirm 
diagnosis of myocardial infarction. This patient 
was finally presented to cardiac catheterization 
unit. However, no significant coronary artery 
stenosis was found. Diagnosis of takotsubo 
cardiomyopathy was finally established, and the 
patient underwent apical resection. The condition 
of patient improved within three days.

Tricky clinical manifestation of takotsubo 
cardio-myopathy and the lack of specific 
diagnostic modality are among interesting 
things to be raised in this issue. This disease 
entity has been documented as takotsubo 
(stress) cardiomyopathy in the literatures. It 
usually starts abruptly and unpredictably, with 
symptoms of chest pain and, often, shortness of 
breath, usually triggered by an emotionally or 
physically stressful event. Women is reported to 
be more prevalent, especially after 50 years of 
age and only 10% in men. 2,3  Although no specific 
damage of cardiac muscle, manifestation of this 
disease much resembles heart attack, since the 
patient frequently presence with shortness of 
breath and chest pain. Elevated ST segment on 
ECG can be found, as well as specific cardiac 
enzyme as in this case report. In case of the 
absence of cardiac intervention facility, this 
case would have been treated specifically as 
myocardial infarction, since standard clinical 
diagnostic procedure fit with acute myocardial 
infarction.  

Thinking about this case of missed diagnosis, the 
emergence of specific and sensitive biomarker 
is a hope for better future diagnostic procedure. 

Concurrent with this hope, Kristyagita and 
Siswanto4 present their interesting review article 
on copeptin, the new cardiac biomarker with 
promising sensitivity and specificity for various 
cardiovascular diseases. Copeptin is a polypeptide 
cosecreted with arginine vasopressin from the 
hypothalamus.5 Although this biomarker has 
not yet widely accepted as standard diagnostic 
procedure, it give the hope since it has some 
advantages compared to troponin. Copeptin 
appears earlier in the circulation following 
myocardial infarction, has a good stability in the 
plasma and relatively simple in its preparation of 
essay. A clinical study in patients with acute chest 
pain, where copeptin, cTnT, CKMB, and myoglobin 
levels were analyzed at admission, 3 hours, and 
6 hours, it was reported that plasma level of 
cTnT increase over time, while that of copeptin 
decreased over the same time.6 In addition, 
plasma copeptin in MI patients was five times 
higher than those with non-cardiac chest pain or 
unstable angina. The plasma level peaked in the 
first 3 hours of onset and subsequently declined. 
This indicates that copeptin is highly specific as 
biomarker for myocardial infarction. The authors 
concluded that copeptin combined with cTnT had 
the best diagnostic power compared with other 
combinations of biomarker.7 

It is not easy to speculate what it would be if 
this new biomarker was applied in the case of 
previous patient with takotsubo cardiomyopathy. 
Regarding the absence of myocardial damage, 
we can expect that the copeptin level will not 
increase. However, considering hemodynamic 
changes during heart failure symptoms in 
takotsubo disease, the increase of this biomarker 
is highly possible, since copeptin is co-secreted 
with AVP and AVP itself is increased during acute 
and chronic phase of heart failure. The results 
are not easily predicted, since all theoretical 
hypothesis should ultimately be verified in 
clinical setting. 
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Serum cell-free DNA concentration in BALB/c mice with 
azoxymethane-dextran sodium sulfate-induced colorectal cancer

ABSTRACT

Background: Colorectal cancer is the third most common 
cancer in the United States with a mortality rate ranked 
second in 2012. Early diagnosis such as detection of DNA 
in serum or faeces at the polyp stage, will reduce colorectal 
cancer mortality. This study was conducted to analyze the 
concentration of cell-free DNA (cfDNA) as a tumor marker 
in colorectal carcinogenesis by using blood serum samples 
from BALB/c mice previously induced by azoxymethane 
(AOM) and promoted by dextran sodium sulfate (DSS). 

Methods: This experimental animal study used 6 BALB/c 
mice which had serial intervention in a certain time frame. 
The first serum samples were taken before induction 
of carcinogenesis (week-0); then AOM induction of 
carcinogenesis followed and the second sampling one week 
after AOM intervention (week-1). Subsequently, promotion 
of carcinogenesis followed with DSS and the third sampling 
one week after this intervention (week-2). The fourth 
sampling was 5 weeks after AOM-DSS intervention (week-
6). Quantification of the serum cfDNA was performed with 
SYBR-Green II fluorescence using Rotor Gene 6000 as a 
reference. Histopathological examination verified induction 
of carcinogenesis.  For statistical analysis paired T-test was 
used. 

Results: Concentration of serum cfDNA showed significant 
difference between sampling group at week-0 (1238.49 
± 674.84 pg/µL) and sampling group at week-6 (2244.04 
± 726.57 pg/µL) the latter group showing pre-cancerous 
histopathology. Slightly increased cfDNA at week-1 with AOM 
induction (1358.57 ± 803.81 pg/µL) and week-2 after DSS 
promotion (1317.23 ± 735.92 pg/µL) were not significantly 
different from week-0 samples.

Conclusion: The concentration of cfDNA in the serum of 
BALB/c mice 5 weeks after AOM induction of carcinogenesis 
and DSS promotion is significantly higher than before 
induction.  
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ABSTRAK

Latar belakang: Kanker kolorektal merupakan kanker 
ketiga tertinggi di Amerika Serikat dengan angka mortalitas 
menempati peringkat kedua tahun 2012. Mortalitas kanker 
dapat ditekan melalui deteksi dini saat perkembangan 
kanker pada tahap polip, salah satunya dengan diagnosis 
biologi molekuler keberadaan DNA pada tinja maupun serum. 
Penelitian ini dilakukan untuk menganalisis konsentrasi cell-
free DNA (cfDNA) sebagai penanda tumor karsinogenesis 
kolorektal menggunakan serum darah mencit BALB/c yang 
sebelumnya dinduksi azoxymethane (AOM) dan dipromosi oleh 
dextran sodium sulfate (DSS).

Metode: Penelitian eksperimental ini menggunakan enam 
mencit BALB/c. Mencit ini mendapat 4 perlakuan secara 
serial dalam rentang waktu tertentu. Perlakuan pertama 
adalah pengambilan sampel serum sebelum induksi-promosi, 
pengambilan kedua pada minggu ke-1 (1 minggu setelah 
induksi AOM), pengambilan ketiga  minggu ke-2 (1 minggu 
setelah induksi-promosi oleh AOM-DSS) dan pengambilan 
ketiga minggu ke-6 (5 minggu setelah induksi-promosi oleh 
AOM-DSS). Kuantifikasi cfDNA serum dilakukan dengan 
metode fluoresensi SYBR Green II menggunakan Rotor 
Gene 6000 dan pemeriksaan histopatologis karsinogenesis 
dilakukan pada minggu ke-0, ke-1, ke-2 dan ke-6 dilanjutkan 
analisis statistik dengan uji T berpasangan.

Hasil: Konsentrasi cfDNA menunjukkan perbedaan yang 
bermakna antara kelompok sampel sebelum induksi dan 
promosi (1238,49 ± 674,84 pg/µL) dibandingkan serum yang 
diambil minggu ke-6 dengan gambaran histopatologis sebelum 
kanker (2244,04 ± 726,57 pg/µL). Terdapat kenaikan cfDNA 
pada minggu ke-1 hanya dengan induksi AOM maupun minggu 
ke-2 setelah diinduksi dan dipromosi (1358,57 ± 803,81 pg/
µL dan 1317,23 ± 735,92 pg/µL), namun perbedaan ini tidak 
bermakna secara statistik. 

Kesimpulan: Konsentrasi cell-free DNA pada serum mencit 
BALB/c 5 minggu setelah induksi dan promosi karsinogenesis 
menggunakan AOM dan DSS lebih tinggi dibandingkan 
konsentrasi cell-free DNA sebelum induksi dan promosi.
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Colorectal cancer is the third most common cancer 
in the United States with 143,460 new cases 
in 2012. Overall risk of developing this disease 
during life is 1 : 20, with a higher proportion in 
men and dominated by certain people with risk 
factors. Cancer mortality ranks second highest 
in the United States with 51,690 deaths during 
2012.1 Early screening for the presence of polyps 
has been shown to reduce mortality of this disease 
for last 20 years.2

Molecular biology-based methods have never 
been used as standard colorectal cancer screening 
with stool deoxyribose nucleic acid (DNA) test in 
order to detect the presence of DNA in the feces 
due to the cancer state in which malignant cells 
often leave DNA in feces.1 Nowadays molecular 
biology techniques are often done either by DNA 
amplification and quantitative polymerase chain 
reaction (qPCR) of ribose nucleic acid (RNA) 
which frequently fails due to an increase in serum 
ribonuclease (RNase) ascociated to pathological 
cancer states.3 Cell-free deoxyribose nucleic acid 
(cfDNA) is more stable than fragile RNA which 
is one of the reasons for the development of this 
method.

The success of treatment of colorectal cancer is 
determined by the cancer stage at the time of its 
diagnosis and the start of therapy.1,4 The earlier 
diagnosis of colorectal cancer and start of therapy, 
the better prognosis will be.5 Therefore, analysis of 
molecular biologicy can be used as an alternative 
diagnostic method or serum cfDNA may possibly 
even become the expected gold standard in the 
diagnosis of colorectal cancer. The aim of this study 
was to gain knowledge about differencies in cfDNA 
concentration before and after azoxymethane 
(AOM)-dextran sodium sulphate (DSS) induction.

METHODS

This experimental animal study used 6 BALB/c 
mice, 2-3 months old, body weight (BW) of 20-25 
g, conditioned in 12 hours light and 12 hours dark. 
The number of samples was based on the Federer 
formula with a random sampling technique and 
intervention allocation of test animals in a certain 
time frame. The study was approved a part of a 
larger study by the Ethical Committee of FMUI 
with the serial clearence number 592/PT02.FK/
ETIK/2011.

Each sample was allocated to four sampling and 
intervention groups in a certain time frame during 
the study. In each group samples were taken for 
the measurement of serum concentrations of 
cfDNA. Cancerogenesis was induced by AOM and 
promoted by DSS 1% with 10 mg/mL/kg BW as 
single dose for seven days.

The first serum sample was taken before 
induction of cancerogenesis (week-0); the second 
sample 1 week after AOM induction (week-1); the 
third one, 1 week after AOM induction and DSS 
promotion (week-2) and the fourth one, 5 weeks 
after induction and promotion (week-6). 

For measurement, cfDNA was isolated from serum 
samples using a four stages salting out method, 
namely precipitation of proteins, DNA saturation, 
washing and rehydration. Precipitation of proteins 
was performed using protein precipitation 
solution of Wizard Genomic Purification Kit 
(Promega™) with continuous saturation by 
isopropanol. Washing was done with a solution of 
70% alcohol and DNA isolates were reconfirmed 
back to the volume at the beginning of sampling by 
dissolving cfDNA pellets with tris hydroxymethyl 
aminomethane ethylenediaminetetraacetic acid 
(Tris-EDTA) solution from the Wizard Genomic 
Purification Kit (Promega™).

For the quantification of DNA SYBR-green 
fluorescence (10.000x, Lonza™) method was 
used with the same principle in qPCR.5,6 Values of 
cfDNA concentration were analyzed by T-test in 
three paired groups.

RESULTS

After having salted out the proteins DNA 
was extracted from the serum samples using 
lysis buffer for the measurement of cfDNA 
concentrations (Figure 1 and Table 1).

The results of cfDNA concentration measurements 
over the experimental time course were shown in 
table 1.

Before intervention mean value was 1238.49 
± 674.84 pg/µL. Further analysis was done 
by comparing the three cfDNA values after 
receiving intervention with pretreatment values. 
All intervention groups had   higher mean values 
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Mice 
no Concentration (pg/µL)

Week-0 Week-1 Week-2 Week-6
I 364.77 605.15 937.85 1398.10
II 1694.90 577.59 398.74 2345.54
III 377.59 740.41 838.49 2535.28
IV 1566.05 2219.26 2111.56 2518.62
V 1663.49 1785.92 1373.74 1401.31
VI 1764.13 2223.10 2242.97 3265.41
Mean 1238.49 1358.57 1317.23 2244.04

Figure 1. Standard curve of cfDNA

Table 1. Concentration of cell-free DNA in mice

than the pre-intervention group, the maximum 
mean value of 2244.04 ± 726.57 pg/µL in the 
week-6 group.

The mean pre-intervention values were always 
lower than mean values after induction with 
statistically significant difference between week-
0 and week-6 (p = 0.030). The means  of week-1 
and week-2 showed no statistically significant 
difference compared to week-0 (p = 0.654 and p = 
0.809, respectively).

DISCUSSION

To evaluate methodological sensitivity, quantities 
of isolated cfDNA must be considered. In this study 
total amounts of quantitatively extracted DNA were 
too low to be measured by spectrophotometry. It 
had been reported that DNA concentration in the 
sample had to be at least 50 pg/µL in order to obtain 
linearity in spectrophotometric determinations.6 

Under these conditions, precision and accuracy 

Figure 2. Mean concentration differencies of groups (p values 
indicate the comparison with week-0 period)

of spectrophotometers are insufficient to reach 
the lowest absorbance value of 0.001 (limit of 
detection, LoD).6 

The sensitivity of fluorescence methods especially 
using SYBR-green is considerably higher than that 
of spectrophotometry.7,8 For double-stranded DNA 
such as cfDNA we obtained the calibration formula 
of linearity: y = 0,0073x + 6.315. Rotor Gene Q 
6000 was used as a reference for fluoresence 
determination down to 0.01 arbitrary fluorescence 
units resulting in LoD of 1.37 pg/µL. Hence, SYBR-
green fluorescence turned out about 37 times more 
sensitive than spectrophotometric methods. 

We obtained 24 samples with genetic material 
(DNA) to measure the cfDNA concentration. 
Fluoresence graph output from Rotor Gene 6000 
showed 24 true positive (TP) values and zero (0) 
false negative (FN) values. From this result, the 
sensitivity of this method under our experimental 
conditions can be calculated: sensitivity = TP/
(TP+FN) = 24/(24+0) = 100%. This does not mean 
“marker sensitivity” in clinical application, which 
may differ considerably from our experimental 
conditions.

To obtain specific conditions for measurement, 
various requirements must be met; it was essential 
that the isolated DNA was pure without RNA and 
protein, to rule out falsification of the recorded 
absorbance due to RNA or protein. On the other 
hand, SYBR-green is very specific to the nucleic 
acid double-stranded structure; single-stranded 
nucleic acids and RNA can not be intercalated. 
Hence, SYBR-green is capable to detect and 
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quantify double standared deoxyribonucleic acid 
(dsDNA) with high specificity.6

Specificity of SYBR-green was described by 
Lu, et al.8 They measured 5 groups with known 
concentrations (mean = 188.5 pg/µL) of 
complementary DNA (cDNA) by SYBR-green 
fluorescence resulting in 201.19 pg/µL. Although 
SYBR-green is considered very specific to dsDNA, 
the reason for higher values measured might have 
been contamination with RNA and/or protein; 
specificity calculated from these values was 
93.7%.8

Our mean values before cancer induction 
were generally lower than after induction, but 
statistically, only the difference between week-
0 and week-6 was significant (p = 0.030). The 
mean values of week-1 and week-2 did not show 
statistically significant differences compared to 
week-0 (p = 0.654 and p = 0.809). Based on the 
method performed in this study with induction 
of cancerogenesis by only a single dose of AOM 
showed a slightly higher mean value in week-1 
compared to week-2 group (statistically the same 
values, p = 0.5). 

It was proven that cancer occurs due to several 
simultaneous factors which trigger carcinogenesis 
through multiple stages.9 Colorectal cancer induced 
by AOM causes mutations in Kras gene that fosters 
the formation adenoma.10,11 The existence of DSS 
causes inflammation that is promoting delayed 
colon cancer (DCC) to suppress carcinogenesis 
through the activation of three pathways, i.e. 
independent mitogen-activated protein kinase 
(MAPK) p44/42, c Jun N-Kinases (JNK) and 
P38 MAPK pathway.12,13 The activation of these 
pathways requires time and eventually leads to 
malignancy, so in the early post-administration of 
DSS, increament of cfDNA serum is not meaningful, 
as shown in the week-2 group.

In healthy individuals, the concentration of 
circulating DNA is low, since most non-living 
cells are removed efficiently from circulation 
by phagocytes. Published studies to date are 
somewhat unclear in that there is no clear 
indication whether the serum or the plasma 
is a better source for circulating DNA to be 
tested. Studies to date have not yet made it clear 
whether the method of analysis or the clinical 
presentation of the patient in terms of cancer 

type, tumor location, or tumor stage influence this 
phenomenon. The methodology of identifying 
the DNA is primarily the main source of concern. 
For example, during serum separation, lysis of 
peripheral blood lymphocytes may cause an 
artificial increase in DNA integrity.7 In addition 
to viral or virus derived DNA, lymphocytes and 
cancer cells also proved to be a source of cfDNA 
in serum (in vivo) or in culture medium (in 
vitro). Lymphocytes release their DNA which 
can be isolated in vitro and in vivo, although 
the evidence could not precisely be studied.14 
A basic control level is required in the in vivo 
measurements because blood sampling can 
trigger cell autolysis affecting the release of DNA. 
An adequate explanation for these difficulties in 
the determination can be that the basic autolysis 
is not enough to release the DNA spontaneously. A 
report states that freezing and thawing (dilution) 
repeatedly performed on white blood cells did 
not cause detectable DNA in the supernatant 
(non-cellular).15 

The induction of carcinogenesis occurs along 
with the invisibility of cells undergoing dysplasia 
and cancer cell infiltration in histopathologic 
examination (not shown in this article).

At week-0 most normal cells are retained with 
their intact nucleus structure. These conditions 
prevent the release of genetic material from the 
cellular network into circulation. Histopathology 
of the inflamed colon is different; many cells 
are not intact, leaky and susceptible to release 
material including genetic substances. The 
poly-anion polymeric structure of DSS inhibits 
RNase activity because it disrupts the interaction 
between messenger RNA (mRNA) and ribosomes. 
However, the mechanism of DSS uptake into cells 
is still not known exactly, e.g. passively or actively 
through specific receptors. Allegation of complex 
bonds between DSS and particular polycationic 
compounds was assumed to facilitate DSS 
penetration into cells.16

A week after the AOM-DSS induction of 
inflammation some cells differ only in the absence 
of their nuclei (week-2). A review conducted 
by Raju17 states that AOM-induced colorectal 
carcinogenesis in mice occurs in several stages, 
beginning with the formation of ACF, enhanced 
ACF and tumor formation. At first, the formation of 
ACF occurred within 8 weeks after AOM induction, 
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then entering advanced ACF formation until 
week-12. Visible tumor formation has eventually 
completed in 24 weeks after induction with 
AOM.17 Results with histopathologic examination 
of the mice 6 weeks after induction by AOM did not 
indicate cancer but the stage of pre-cancer. Week-
6 with AOM-DSS induction is similar to 12 weeks 
with AOM induction, only. More rapid progression 
could be expected because of promotion by DSS 
the mechanism of which has been described 
previously.16 In general, cfDNA concentrations 
of induced mice were between 1,000 ng/mL and 
100,000 ng/mL and exceed the concentrations in 
control mice without induction. Our cfDNA value 
of 2,244.04 ng/mL measured at week-6 in induced 
mice corresponds to this concentration range. 

The concentrations of cfDNA in human 
colorectal cancer patients (quantified by similar 
fluorescence methods as applied in our study) 
were higher than in healthy controls with a 
significance value of p < 0.001 (798 ± 409 ng/
mL vs 308 ± 256 ng/mL).18

The application of cfDNA levels in serum as a 
marker of colon cancer in patients still requires 
the exact determination of sensitivity and 
specificity under clinical conditions including 
diagnostic differentiation versus other cancers.7

In conclusion, the concentrations of cfDNA in the 
serum of BALB/c mice 6 weeks after the induction 
and promotion of carcinogenesis using AOM and 
DSS are higher than the concentrations prior to 
induction.
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Increase in Bcl2 expression of penile and prostate cells of Sprague 
Dawley male rats following treatment with buceng (combination 
of Pimpinella alpina molk with Eurycoma longifolia Jack)

ABSTRACT

Background: Treatment with buceng combination of 
Eurycoma longifolia Jack and Pimpinella alpine Molk has been 
proven to increase testosterone level, decrease apoptosis and 
caspase3 expression. Bcl2 is an antiapoptotic protein found 
in cytoplasm which inhibits cells apoptosis. This study was 
aimed to investigate the effect of buceng on Bcl2 expression on 
penile and prostate tissues of the rats. 

Methods: In this experimental study, 24 male Sprague Dawley 
rats of 90 days old, weighing ± 300 grams, were randomly 
assigned into four groups. Group A, normal rats. Group B, 
castrated rats and treated with buceng 100 mg/day, per oral 
(Cast-Bcg); Group C, castrated rats and treated with 2 ml of 
water as placebo against buceng (Cast-Plac). Group D, castrated 
rats, treated with mesterolone 6.75 mg/day, per oral, as 
exogenous testosterone (Cast-Mest). All rats were treated for 30 
days. Manova test was used to analyze the different expression 
of Bcl2 among groups with significance level at p ≤ 0.05. 

Results: Castration was associated with significant decrease 
of Bcl2 expression in the penile and prostate tissues (53.0 
and 50.9%, respectively) compared to normal rats (82.6 and 
84.2%, respectively, p < 0.001). Treatment with mesterolone 
reversed Bcl2 expression (77.1 and 78.1%) to a near normal 
level. The same level of Bcl2 expression was also observed 
with buceng treatment (73.8 and 78.2%).

Conclusion: The treatment with buceng could enhance Bcl2 
expression in penile and prostate tissues, comparable to 
normal rats and mesterolone treated rats.

Keywords: apoptosis, Bcl2, buceng, testosterone
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ABSTRAK

Latar belakang: Pemberian buceng kombinasi pasak bumi 
(Eurycoma longifolia Jack) dan purwoceng (Pimpinella alpine 
Molk) telah terbukti mampu meningkatkan kadar testosteron, 
menurunkan apoptosis, dan ekspresi caspase3. Bcl2 adalah 
protein anti apoptosis yang ditemukan dalam sitoplasma. 
Tujuan penelitian ini adalah untuk mengungkap efek buceng 
terhadap ekspresi Bcl2 pada jaringan penis dan prostat tikus.

Metode: Studi experimental dengan 24 tikus jantan Sprague 
Dawley umur 90 hari, berat badan ± 300 gram, dibagi menjadi 
4 kelompok secara acak. Kelompok A tikus normal, kelompok B 
tikus dikastrasi dan diberi buceng 100 mg/hari, per oral (Cast-
Bcg). Kelompok C tikus dikastrasi dan diberi air 2 ml sebagai 
plasebo dari buceng (Cast-Plac). Kelompok D tikus dikastrasi, 
diberi mesterolon 6,75 mg/hari, per oral sebagai testosteron 
eksogen (Cast-Mest). Pengamatan dilakukan selama 30 hari. 
Uji Mannova digunakan untuk menguji perbedaan ekspresi 
Bcl2 di antara kelompok dengan tingkat signifikansi p ≤ 0.05.

Hasil: Proses kastrasi menurunkan ekspresi Bcl2 pada penis 
dan prostat (53,0 dan 50,9%) secara signifikan dibanding tikus 
normal (82,6 dan 84,2%, p < 0.001). Pemberian mesterolon 
menyebabkan peningkatan ekspresi Bcl2 (77,1 dan 78,1%) 
mendekati normal. Normalisasi ekspresi Bcl2 juga diperoleh 
dengan pemberian buceng (73,8 dan 782%). 

Kesimpulan: Pemberian buceng dapat meningkatkan ekspresi 
Bcl2 pada jaringan penis dan prostat, setara dengan normal 
pada tikus kastrasi yang mendapat mesterolon.

http://dx.doi.org/10.13181/mji.v24i1.1023
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Pasak bumi (Eurycoma longifolia Jack) and 
purwoceng (Pimpunella alpina Molk) both are 
Indonesian indigenous plants1,2 combination 
of them so called buceng. Treatment of buceng 
extract has been proven to increase serum 
testosterone level, suppress apoptosis, and 
decrease caspase3 expression.3-5 There are 
growing evidences that apoptosis process has 
strong correlation with decrease in antiapoptotic 
protein, on one hand, and on the other hand 
increase in proapoptotic protein.6 Caspase3 is a 
proapoptotic protein that serves as an executor 
of apoptosis,7 whereas Bcl2 is an antiapoptotic 
protein preventing apoptosis.8 Based on these 
facts, the decrease in both apoptosis and caspase3 
in buceng treatment, physiobiologically will be 
followed by increase in Bcl2 expression. However, 
the effect of buceng extract treatment on Bcl2 
expression is still unknown. 

The influence of buceng on Bcl2 expression is 
important to investigate, since many antiapoptotic 
proteins regulate the apoptosis process. When 
buceng is proven capable to increase in Bcl2 
expression, will clarify the mechanism by which 
buceng reduces apoptosis. To date, studies on 
buceng have been extended to the increase of 
testosterone, luteinizing hormone (LH), follicle 
stimulating hormone (FSH), decrease in apoptosis 
and caspase3,3-5 whereas the effect of buceng 
on Bcl2 expression has not been elucidated yet. 
Decrease in apoptosis pathway after buceng 
treatment is necessary to be explored, since the 
apoptosis process can be regulated by either 
caspase3 or Bcl2 and by both caspase3 and Bcl2.7,8 
In line with those arguments, study on buceng 
effect on Bcl2 expression and its role in the down-
regulation of apoptosis in order to enhance male 
vitality is necessary.

Bcl2 is an anti apoptosis protein, existing in 
cell cytoplasm and has role in preventing the 
release of Cyt C and diablo/Smac, a protein that 
binds inhibitor apoptosis protein (IAP) from 
mitochondria.9,10 When released into cytoplasm, 
diablo/Smac will bind IAP in order to activate 
apoptosome and caspase and then induce cell 
to undergo apoptosis.9,10 In addition, Bcl2 is 
an antiapoptototic protein whose activity is 
dependent on testosterone level.11 Buceng, has 
previously been proven to up-regulate Te, LH, 
FSH level, down-regulate apoptosis process and 
caspase3 expression in Sprague Dawley male 

rats.4,5 However, its effect on Bcl2 expression has 
not yet been explored. Thus, the aim of the present 
study was to elucidate the effect of buceng on 
Bcl2 expression in penile and prostate tissues of 
Sprague Dawley male rats.
 

METHODS

This was an experimental study on 24 Sprague 
Dawley male rats, 90 days old, and body weight of 
300 grams. All animals were randomly allocated 
into 4 groups, consisting of 6 rats in each group. 
Group A, normal rats. Group B, castrated rats 
and treated with buceng of 100 mg/day in 2 ml 
water, per oral (Cast-Bcg). Group C, castrated rats 
and treated with 2 ml of water as placebo against 
buceng (Cast-Plac). Group D, castrated rats, 
treated with mesterolone 6.75 mg/day, per oral, 
as exogenous testosterone (Cast-Mest). All rats 
were treated for 30 days.

Buceng extract was obtained from soxhlet 
extraction method with water as a solvent. The 
effective dose of buceng 100 mg/day has been 
determined according to the buceng previous 
study.4,5 All rats underwent acclimatization for a 
week in individual cage. All rats got daily chow 
and ad libitum access to tap water. After a week 
acclimatization, rats in group A were sacrificed 
and taken their tissues of penis and prostate for 
Bcl2 expression examination as normal reference. 
Rats were given buceng in group B, aquadest in 
group C, mesterolone in group D orally for 30 
days at 7 a.m. After treated for consecutive 30 
days, rats in group B, C, and D were sacrificed 
and their penile and prostate tissues taken for 
measurement of Bcl2 expression. Measurements 
of Bcl2 expression were performed by 
immunohistochemical method (kit: Bcl-2/100/
D5 from novocastra) and then observed by light 
microscope in 400x magnification in each 5 fields. 
The Bcl2 expression was calculated as percentage 
of total Bcl2 expressing cells to total cells (total 
Bcl2 expressing cells/total cells x 100). Before 
examination, all penile and prostate tissues 
were frozen in nitrogen solution and kept in 
temperature of -20°C.12

The experimental study has taken place at the 
Animal Experimental Development Unit and 
Pathological Anatomy Sardjito Hospital/School 
of Medicine Gadjah Mada University. Manova test 
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was used to examine the difference among groups, 
and HSD Tukey was implemented to evaluate the 
difference among groups. The significant level of 
all examinations was set at p ≤ 0.05. 

RESULTS

Genetic and age variability of rats in the present 
study can be neglected, since all rats were bred 
in the same growth condition. The 30 days 
treatment resulting Bcl2 expression both in penile 
and prostate, shown in table 1. 

As shown in table 1 both Bcl2 expression in penis 
and prostate were significantly different among 4 
groups, p < 0.001.

Difference of Bcl2 expression of penile
Observation with 400x magnification of light 
microscope on immunohistochemical stainning 
of penile tissues can be seen in figure 1. 

The numbers of cells (cytoplasm), in which Bcl2 
positive expression (brown) and Bcl2 negative 
expression (blue) in each five observation fields 
were counted as shown in table 1. That table 
indicates that the highest percentage mean of 
Bcl2 positive expression was in normal group, 

Variables
Groups

A (Normal)
(n = 6)

B (Cast-Bcg)
(n = 6)

C (Cast-Plac)
(n = 6)

D (Cast-Mest)
(n = 6)

p
(Manova)

BW (gram ± SD) 268.64 ± 28.03 267.78 ± 25.20 268.65 ± 28.53 266.42 ± 19.55 0.994
Bcl2 penile (% ± SD) 82.64 ± 3.70 73.82 ± 8.40 53.03 ± 21.3 77.12 ± 6. 20 0.000
Bcl2 prostate (% ± SD) 84.15 ± 4.07 78.18 ± 7.83 50.90 ± 21.84 78.14 ± 5.40 0.000

Table 1. Body weight and Bcl2 expression in penile and prostate cells

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Bcl2 expression in penile tissue. a) normal, b) cas-
trated-buceng group, c) castrated-placebo group, d) castrat-
ed-mesterolone group.

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

  

  

Formatted: Normal

Figure 2. Bcl2 expression in prostat tissue. a) normal, b) cas-
trated-buceng group, c) castrated-placebo group, d) castrat-
ed-mesterolone group

followed by Cast-Bcg group, Cast-Mest group, and 
the lowest was in Cast-Plac group (figure 2).

Difference of Bcl2 expression of prostate
Light microscopic scanning with 400x magnification 
on immunohistochemically stained prostate tissues 
preparation provides results as shown in figure 3.

All data were collected from these observation, 
and the numbers of cells (cytoplasm) in which 
Bcl2 expression was positive (brown) and Bcl2 

Figure 3. Body weight and Bcl2 expression in penile and 
prostate cells

A B

C D

A B

C D
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expression was negative (blue) from each five 
fields observation were counted and results are 
shown in table 1. This table indicates that the 
highest Bcl2 positive expression was in normal 
group, followed by Cast-Bcg group, Cast-Mest 
group, and the lowest was in Cast-Plac group 
(figure 3).

DISCUSSION

The results of the present study indicate that 
buceng is capable to increase Bcl2 expression 
of penile and prostate cells comparable to that 
of mesterolone and endogenous testosterone. 
Thus, the effect of buceng is attributable to 
up-regulation of Te level. This statement is in 
accordance with previous studies showing that 
buceng has been proven capable to up-regulate 
testosterone level in Sprague Dawley male rats 
as well as able to decrease caspase3 expression 
and in turn apoptosis of penile and prostate 
cells.4,5 Caspase3 is an IL-1 beta converting 
enzyme (ICE) like protease that is able to break 
peptide chains at the point following aspartic 
acid residues.13 At least, there are 10 types of 
caspases that have been identified and engaged in 
apoptosis process. Many of those caspases were 
arranged in a hierarchy, beginning from caspase2, 
caspase8, caspase9, and caspase10 as initiator 
caspase, then activates caspase1 which serves as 
an amplifier,14,15 and finally activates caspase3, 
caspase6, and caspase7 as an execution machinery. 
Of those various caspases are inhibited by 
Bcl2, a protein of cytoplasm that extremely 
testosterone dependent.11 In conjunction with 
BclxL, they constitute antiapoptotic protein.14 An 
important result of this present study is that the 
increase in Bcl2 expression of penile and prostate 
cells in response to the treatment with buceng 
extract which commensurates with normal and 
mesterolone groups. 

Mesterolone (17-betahydroxy-1-alpha-methyl-5-
alpha-androstan-3-one, C20H32O2), is a derivative of 
dehidrotestosteron (DHT) that is frequently used 
as replacement therapy in male hypogonadism.16 
It can be administered orally and rapidly absorbed 
without metabolism or inactivation in the liver. 
Thus, testosterone serum level will increase in 
accordance with the dose given.17 In this study, 
the dose of mesterolone was 6.75 mg/day or 
equivalent to 0.02 - 0.06 mg/kg BW/day, based 

on the physiological calculation for 70 kg man.18 
Higher or supraphysiologic dose of mesterolone 
will result in intoxication indicated by weak, 
sluggish, even unmoved rats.

Compared to Protodiocin (Tribullus terestris L), 
a natural androgen that has long been launched 
in the market,19 buceng that also has long been 
utilized to increase male vitality and sexual function 
since about 3 centuries ago posseses a little bit 
superiority in improving sexual and reproductive 
potencies in male hypogonadism. Various evidences 
indicated that protodiocin was capable to improve 
sexual behavior parameters such as intra-cavernous 
pressure, testosterone level, DHT, DHEA, and NO level 
in animal models.20 Likewise, buceng was capable to 
increase testosterone level, endothelial nitric oxide 
synthase (eNOS) and neuronal nitric oxide synthase 
(nNOS), and cyclic guanosin monophosphate 
(cGMP).21 Moreover, buceng was able to stimulate 
both LH and FSH secretions,3 whereas protodioscin 
just stimulates LH secretion without affecting 
increased FSH secretion.22,23 Increase in LH 
secretion results in increasing testosterone level 
secreted by Leydig cells in testis, while increased 
FSH secretion induces LH receptor expression on 
Leydig cells, and in turn up-regulates testosterone 
level, subsequently increases sexual function and 
spermatogenesis.24 As such, an illustration may be 
presented a report from Phillip and colleagues in 
1998 that the patient who had the defect in the beta 
subunit of FSH and FSH receptor will show delayed 
puberty and had low serum testosterone and FSH 
but high LH concentrations.25 Albeit that report was 
not exactly appropriate, nonetheless it indicates 
that the existence of both LH and FSH are essential 
for maintenance of testicular function like buceng is. 
The probable similarity in effect of protodiocin and 
buceng is attributable to the similarity in chemical 
structure of furostanol contained in protodiocin 
and sitosterol in buceng. The similarity of chemical 
structure lies on OH group bound to carbon atom 3 in 
the nucleus of cyclopentanoprehidrofenantren. The 
OH group leads to formation of glycoside binding 
between sitosterol (aglicon) and olygosacharide 
(hexose or mannose). Consequently, sterol physical 
properties might be transformed from nonpolar 
to polar ones.26 Based on the effect and structure 
similarities of furostanol and buceng, deduction can 
be proposed that sitosterol of buceng is included in 
the family of furostanol compound which is capable 
to increase DHEA level as well as testosterone.20 
Accordingly, both buceng and furostanol can be 
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used as hormone replacement therapy in male 
hypogonadism.

Male hypogonadism is associated with significant 
increase of morbidity and decline in quality of 
life, especially related to skeletal muscles frailty 
caused by sarcopenia, and sarcopenia due to 
apoptosis.16,27 Various evidences indicated that 
high level of testosterone capable to decrease in 
apoptosis on any cells that possess testosterone 
receptors.11,28 On the other hand, down-regulation 
of testosterone level gives rise various organs, in 
particular penile and prostate which is regulated 
by testosterone experiencing reduction of size and 
function mediated by increasing apoptosis.11 The 
previous study showed that buceng was capable 
to increase testosterone level,3 and in the present 
study indicates that buceng is capable to increase 
Bcl2 expression in penile and prostate tissues, 
hence decrease their apoptosis.4 Taken together, 
the results of the previous and the present 
studies and in line with biological plausibility, 
could explain the pathway of buceng effect on 
apoptosis in penile and prostate tissues. The 
explanation of that pathway is that buceng could 
inhibit apoptosis through increasing testosterone 
level and Bcl2 expression, followed by decreasing 
caspase3 expression, and then apoptosis. It 
can be expected that buceng can be used as a 
hormone replacement therapy related to male 
hypogonadism or infertility. In addition, buceng 
is relatively safe, since the majority of males who 
experienced decrease in vitality have used it since 
3 centuries ago, without adverse effect that has 
been reported.

In conclusion, the treatment of buceng with dose 
of 100 mg/day for consecutive 30 days in castrated 
Sprague Dawley male rats is capable to increase 
in Bcl2 of penile and prostate cells, comparable 
to that in normal rats and mesterolone treated 
castrated rats.
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Optimizations of expression and purification of recombinant HIV-
1 CRF01_AE p24 protein in Escherichia coli for development of 
immunodiagnostic assay

ABSTRAK

Latar belakang: Metode konvensional untuk mengonfirmasi 
infeksi HIV adalah Western blot. Namun, western blot 
memiliki keterbatasan yaitu kontaminasi dengan antigen 
selular manusia dan masalah perbedaan genetik di antara 
subtipe HIV-1 yang menyebabkan hasil indeterminate dan 
ketidakakuratan diagnosis infeksi HIV-1 dengan strain spesifik. 
Pemeriksaan Western blot yang tersedia di Indonesia tidak 
spesifik terhadap infeksi subtipe CRF01_AE yang predominan 
di Indonesia. Pada penelitian ini dilakukan ekspresi, purifikasi 
dan Western blot terhadap protein p24 HIV-1 CRF01_AE 
rekombinan yang digunakan sebagai antigen.

Metode: Optimasi ekspresi protein rekombinan pada 
Escherichia coli galur BL21CP dilakukan terhadap waktu 
induksi, konsentrasi isopropyl-1-thio-d-galactopyranoside 
(IPTG) yang digunakan dalam induksi, dan suhu induksi. 
Purifikasi protein p24 rekombinan dilakukan dengan metode 
immobilized metal-affinity chromatography (IMAC) dengan 
sistem purifikasi Ni-NTA (Qiagen) pada kondisi native dengan 
optimasi pada konsentrasi imidazole dalam wash buffer.

Hasil: Konfirmasi protein rekombinan dengan Western 
blot menunjukkan bahwa ekspresi dan purifikasi protein 
p24 rekombinan telah dioptimasi dengan baik dan reaktif 
terhadap serum pasien HIV-1 positif di Indonesia. 

Kesimpulan: Protein p24 rekombinan dari penelitian ini 
dapat dikembangkan untuk uji diagnostik Western blot 
berdasarkan subtipe CRF01_AE yang dominan di Indonesia.

ABSTRACT

Background: Conventional method for confirmation of HIV 
infection is Western blot. However, it has limitations because of 
contamination by human cellular antigen and genetic diversity 
among the HIV-1 subtypes that show indeterminate result 
and inaccuracy for the diagnosis of different strains. Most of 
Western blot developed are based on HIV-1 B subtype. In 
Indonesia HIV-1 CRF01_AE subtype is dominantly circulated. 
Therefore, we optimized the expression, purification of the 
recombinant HIV-1 CRF01_AE p24 protein for development of 
immunodiagnostic assay.

Methods: Optimization of protein expression in Escherichia 
coli strain BL21CP was performed including induction 
time, isopropyl-1-thio-d-galactopyranoside (IPTG) and 
immidazole consentrations, and induction temperature. 
Purification of the recombinant p24 protein was used 
by using Ni-NTA (Qiagen) purification system in native 
condition. 

Results: Expression and purification of HIV-1 CRF01_AE 
p24 protein have been performed. Confirmation of the 
recombinant protein by Western blot showed the expression 
and purification of recombinant p24 protein has been 
optimized well and reactive with sera of patients with HIV-1 
CRF01_AE subtype positive.

Conclusion: The recombinant HIV-1 CRF01_AE p24 protein 
has been expressed and purified successfully, and it is 
potential to be used as antigen for immunodiagnostic assay.

Keywords: expression,  HIV-1 CRF01_AE, p24 protein, purification, recombinant protein
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Human immunodeficiency virus type I (HIV-1) is a 
member of the lentivirus genus of the Retroviridae 
family.1 This virus consists of three clades i.e. M 
(main), O (outlier) and N (non-M, non-N). The 
M group is divided into 9 subtypes (A, B, C, D, F, 
G, H, J, and K) and 15 circulating recombinant 
forms (CRFs).2,3 In Asia, there are three dominant 
HIV-1 types (C, CRF01_AE and B) distributed in 
different regions.4 In Indonesia, HIV-1 CRF01_AE is 
a dominant  subtype, followed by subtype B.5-7 

To date, HIV/ acquired immunodeficiency syndrome 
(AIDS) disease is a global pandemic problem. 
Globally, there were 34 million people with HIV in 
2010, with approximately 1,8 million deaths.8 In 
Indonesia, there were 19,973 cases of AIDS diseases 
with 3,846 deaths in 2009. In 2013, AIDS cases 
increased up a total 43,667 cases with 8,340 deaths. 
The most HIV/AIDS cases were recorded in Papua, 
followed by East Java, and Jakarta.9  

Accurate and reliable diagnostic assays are 
important to control the spread of this disease.10 
Screening assays for diagnostic purpose must be 
capable to detect the anti-HIV-1 antibody in low titer 
and avidity particularly in the initial phase of HIV 
infection. The positive results of screening assays 
have to be confirmed by at least one confirmatory 
test.11 Many commercial HIV-1 p24 protein-based 
confirmatory assays for HIV infection have been 
developed.10-12 Most of the assays are based on 
p24 protein of HIV-1 B subtype. The assays can 
yield the indeterminate results due to the genetic 
differences among HIV-1 subtypes and/or CRFs.13  
Since the dominant HIV-1 subtype in Indonesia is 
CRF01_AE, the application of the commercial assays 
is potential to lead the diagnostic inaccuracy in HIV-
1 infection.14,15 Therefore, in this study we optimized 
the expression and purification of the recombinant 
HIV-1 CRF01_AE p24 protein in Escherichia coli (E. 
coli) expression system. The optimizations can be 
used as preliminary data in producing recombinant 
HIV-1 CRF01_AE p24 protein for development of 
immunodiagnostic assays.

METHODS

Expression and purification of recombinant 
HIV-1 1 CRF01_AE p24 protein
The recombinant plasmid was isolated from E. coli 
Top10 culture based on the protocol of QIAprep 
Spin Miniprep Kit [Qiagen]. Gene encoding p24 

protein was confirmed by DNA sequencing. The 
recombinant plasmid then transformed into E. 
coli strain BL21CP-RILP on heat shock method. 
The recombinant protein (6x His tag-N protein 
fusion) was expressed by inducing the bacterial 
cells with 0.2 mM, 0.5 mM, and 1 mM isopropyl-1-
thio-d-galactopyranoside (IPTG) at 27°C and 37°C 
for 1-4 hours.

Bacterial pellets were solubilized in lysis buffer 
(300 mM NaCl, 0.1M EDTA, 50 mM NaH2PO4, 10 mM 
imidazole, pH 8.0 [Qiagen]) and freezed at -80°C 
then thawed before sonicated to lyse the bacterial 
cells. The cell membran protein solubility and lipid 
eradication were performed by adding Triton-X 
100 to the concentration of 1.5 % (v/v). Purification 
of the recombinant protein was performed 
by following the manufacturer’s instruction 
[Qiagen] with some optimization. Washing steps 
were performed 3 times. The optimization of 
recombinant p24 protein purification performed 
by different imidazole concentrations in wash 
buffer, namely 20 mM, 30 mM, and 40 mM.

Western blot
The purified recombinant p24 protein was 
analyzed on 12% sodium dodecyl sulfate 
polyacrilamide gel electroforesis (SDS PAGE), The 
protein from the SDS PAGE gel was transfered to 
nitroselulose membrane by the Trans-Blot Semi 
Dry Electrophoresis Transfer Cell (Bio-Rad) in 
accordance with manufacturer’s instruction. 

The recombinant protein reactivity was analyzed 
by observing the bands on the strips indicating 
the reactivity of HIV-1 CRF01_AE recombinant 
protein to the sera of patients with HIV/AIDS 
CRF01_AE positive. The positive reactivity was 
compared with the positive and negative sera of 
the western blot commercial kit [MPDiagnostics].

RESULTS

Expression of recombinant p24 HIV-1 CRF01_
AE protein in E. coli BL21CP-RILP
The expression of recombinant protein was 
compared with to the wild type and non-induction 
controls. The migration range identified by the 
protein marker. According to analysis of the 
molecular weight, recombinant p24 protein is 
about 27 kDa and migrate on the range of 25-30 
kDa protein marker.
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Optimization of induction time
The expression of HIV-1 CRF01_AE p24 protein 
was inducted for four hours. The induction was 
performed by adding 1 mM of IPTG concentration 
and incubated at 37°C. The expression result 
showed in figure 1. It showed that p24 protein 
migrated at range of 25-30 kDa protein marker. 
The band for the inducted protein was thicker 
than the non-inducted (lane 1) and the wild type 
proteins (lane 2-3). The thickest band can be 
observed on lane 8 which represented the p24 
protein expression after four hours induction.

There can be observed that on migration range of 
25-30 kDa were relatively thick band on  lane 5-8 

Figure 1. Electrophoresis gel of recombinant p24 protein 
expression by optimization on induction time. Lane 1: 
E. coli BL21CP pQE80L-p24 non-inducted; lane 2: E. coli 
BL21CP wild type; lane 3: E. coli BL21CP pQE81L wild type; 
lane 4: protein marker; lane 5-8: E. coli BL21CP pQE80L-
p24 inducted at 37°C with IPTG 1 mM for 1-4 h

Figure 2. Electrophoresis gel of recombinant p24 protein 
expression by optimization in IPTG concentration. Lane 
1: protein marker; lane 2: E. coli BL21CP wild type; lane 
3: E. coli BL21CP pQE81L wild type; lane 4: E. coli BL21CP 
pQE80L-p24 non-inducted; lane 5-7: E. coli BL21CP 
pQE80L-p24 at 37°C for four hours inducted on IPTG con-
centration 0.2 mM, 0.5 mM, 1 mM

which represented the induction of recombinant 
p24 protein for one to four hours. The band for 
the inducted protein was thicker than the non-
inducted (lane 1) and the wild type control 
protein (lane 2-3). The thickest band can be 
observed on lane 8 which represented the p24 
protein expression after four hours induction.

Optimization of IPTG concentration 
Figure 2 showed the recombinant p24 protein 
expression on the optimization of IPTG 
concentration. It showed that the thickness 
of bands on migration range 25-30 kDa were 
relatively equal on three of the IPTG concentration 
(lane 5-7).

Optimization of induction temperature
Figure 3 showed the recombinant p24 protein 
on the optimization of induction temperature. It 
showed that the band on migration range 25-30 
kDa on lane 5 which represented the.

Purification of recombinant p24 protein in 
native condition 
Figure 4 showed the bands on migration range 
25-30 kDa for the elution 1-3 of purification for 
imidazole concentration 20 mM, 30 mM, and 40 
mM. There can be observed that for the elution 
one and two of the three imidazole concentration 
were formed thick bands though with contaminant 
protein bands. However, on the elution three 
bands the contaminant protein bands begin to 
disappear. The most clean band can be observed 

Figure 3. Electrophoresis gel of recombinant p24 protein 
by optimization of induction temperature. Lane 1: E. coli 
BL21CP pQE80L-p24 non-inducted; lane 2: protein mark-
er; lane 3: E. coli BL21CP wild type; lane 4: E. coli BL21CP 
pQE81L wild type; lane 5-6: E. coli BL21CP pQE80L-p24 in-
ducted with IPTG 1 mM for four hours at  37°C and 27°C
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on lane 9 which represented the elution three with 
imidazole concentration 30 mM in wash buffer.

Recombinant protein confirmation by 
Western blot
Western blot was performed by using the 
recombinant p24 protein as the antigen reacted 
with the antibody from the serum of people with 
HIV/AIDS and serum of positive and negative 
controls.

Figure 5 showed that there were band on the 
representative of the reactivity with the HIV-1 

Figure 4. Electrophoresis gel of recombinant p24 protein 
purification in native condition by optimization of imidazole 
concentration in wash buffer. Lane 1-3: elution one with im-
idazole concentration 20 mM, 30 mM, and 40 mM; lane 4-6: 
elution two with imidazole concentration 20 mM, 30 mM, 
and 40 mM; lane 7: protein marker; lane 8-10: elution three 
with imidazole concentration 20 mM, 30 mM, and 40 mM

Figure 5. Western blot of p24 rekombinant protein. Lane 1: 
Biotin marker, lane 2: Reactivity of recombinant p24 protein 
with patient with HIV positive serum; lane 3-4: reactivity of 
recombinant p24 protein with positive and negative control 
serum of commercial kit

positive serum patient on migration range 20-30 
kDa (lane 2). On the reactivity with the positive 
control serum there were two bands on migration 
range 20-30 kDa and 50-60 kDa.

DISCUSSION

The SDS-PAGE analyze showed that recombinant 
p24 protein was overexpressed. The thick band 
formed for recombinant p24 protein affected 
by the expression system used. The codon 
translasional for recombinant p24 protein showed 
some codons that rarely recognize by the E. coli, 
the codons are for proL and argU. The expression 
system used in this research was E. coli BL21CP-
RILP containing addition tRNA copies for argU, 
ileY, leuW and proL that recognize the codons for 
arginin AGA/AGG, isoleusin AUA, leusin CUA, and 
prolin CCC.16 This addition tRNA was expected 
to overcome the codon limitation problem for 
protein translasional. Zang, et al17 and Singh, et 
al18 had overexpressed recombinant p24 protein 
in E. coli BL21(DE3). This result indicated that 
recombinant p24 protein was relatively high-
level expressed eventhough in conventional BL21 
strain without tRNA addition.

The recombinant p24 protein purification 
performed in native condition and from the 
research performed by Zhang, et al,16 based 
on the densitometry analyze on SDS-PAGE for 
the pQE30-p24 recombinant expression in 
BL21 signify that his-tagged recombinant p24 
protein was in solubel form. For purification 
of recombinant p24 protein the imidazole 
concentration used in wash buffer was 
optimized. Figure 4 showed the optimal 
imidazole concentration in wash buffer was 
30 mM in the third elution (lane 9). This imply 
the 30 mM imidazole was capable to reduce 
nonspesific binding between Ni-NTA matrices 
and contaminant protein containing histidine 
residue. This nonspesific binding frequently 
occur in native condition purification than in 
denature condition,19,20 since the protein has 
denaturated in denature kondition purification 
(result not show). All the purification procedures 
in native condition performed at 4°C to avoid 
protein denaturation for optimal purification. 
The salt concentration for binding and washing 
was 300 mM NaCl to ensure the ion strength of 
the buffer.16
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Figure 5 represented the Western blot for 
recombinant p24 protein and the recombinant 
p24 protein was reactive toward the HIV-1 positive 
patient serum and positive control commercial kit 
serum. This reactivity indicated that the patient 
serum infected by HIV-1 CRF01_AE has contained 
the spesific antibody for p24 HIV-1 CRF01_AE 
recombinant protein produced in this research. 
However, another protein band at migration 
range of about 55 kDa was found in lane 3 for 
the reactivitity with the positive control serum. 
This addition band probably was the reactivity 
of antibody in positive control serum toward 
contaminant protein with molecular weight 
about 55 kDa. It can not be hindered that patient 
serum has the antibody for E. coli. However, in 
reactivity band toward the patient serum did not 
indicate contaminant protein of E. coli used as the 
expression system (lane 2). This result signify 
that recombinant p24 protein has been purified 
optimally with no E. coli contaminating protein. 
Another possibilities for the contaminated 
positive control reactivity were the improper 
storage of the commercial kit control serum and 
Western blot technique that cause contamination 
of unknown protein. Therefore, it is important 
to concern about the storage of commercially 
Western blot reagen including the control serum 
to ensure the reliability of the result. By this result 
can be concluded that the p24 HIV-1 CRF01_AE 
recombinant protein expressed in E. coli BL21CP-
RILP can be used as the antigen in Western blot 
assay for HIV-1 CRF01_AE diagnostic.

In conclusion, the recombinant p24 protein 
optimally expressed after four hours with 
induction of 0.2 mM IPTG at 37°C. The protein 
was purified optimally at the third elution and 
imidazole concentration of 30 mM in wash 
buffer. The Western blot result indicated that the 
recombinant protein expressed in this study is 
potentially applied for immunodiagnostic assay 
of HIV-1 CRF01_AE infection in Indonesia.
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Correlation between peripapillary retinal nerve fiber layer 
thickness and visual function changes in patients receiving 
ethambutol

ABSTRAK

Latar belakang: Terdapat beberapa studi yang telah 
menunjukkan adanya penurunan jumlah sel ganglion retina 
pada hewan yang diberikan etambutol. Studi ini bertujuan 
mengevaluasi efek etambutol pada ketebalan serabut saraf 
retina peripapil manusia. Selain itu studi ini juga ingin melihat 
korelasi antara perubahan ketebalan retina tersebut dengan 
perubahan beberapa parameter fungsi penglihatan.

Metode: Studi kohort pada 29 subyek penderita tuberkulosis 
yang berobat di salah satu pusat pengobatan tuberkulosis di 
Jakarta. Seluruh subyek menjalani pemeriksaan ketebalan 
retina menggunakan optical coherence tomography 
(OCT) dan beberapa parameter fungsi penglihatan (tajam 
penglihatan, sensitivitas kontras, sensitivitas warna 
dan lapang pandangan) sebelum dan dua bulan setelah 
mengkonsumsi etambutol. Perbedaan parameter tersebut 
sebelum dan setelah konsumsi etambutol dianalisis 
menggunakan uji T-berpasangan ataupun uji Wilcoxon. 
Hubungan antara perubahan ketebalan retina dan perubahan 
fungsi penglihatan dinilai dengan uji Spearman.

Hasil: Sebelum dan setelah pengobatan dengan etambutol 
terdapat perubahan bermakna pada ketebalan retina di 
kuadran superior (147 dan 141 μm, p = 0,001), nasal (92 dan 88 
μm, p = 0,045), dan rerata seluruh kuadran (116,77 dan 112,65 
μm, p = 0,001). Tidak terdapat hubungan antara perubahan 
ketebalan retina ini dengan perubahan fungsi penglihatan. 

Kesimpulan: Konsumsi etambutol selama dua bulan dalam 
dosis yang dianjurkan dianggap masih aman terhadap retina 
manusia dan terhadap fungsi penglihatan.

ABSTRACT

Background: Recent animal studies revealed the decreased 
amount of retinal ganglion cells after treatment with 
ethambutol. The aim of this study was to evaluate the changes 
of peripapillary retinal nerve fiber layer (RNFL) thickness in 
patients receiving ethambutol therapy, as well as to know the 
correlation of RNFL thickness changes with the changes of 
visual function.

Methods: This was a cohort study on 29 subjects at one 
tuberculosis treatment center, Jakarta. Subjects underwent 
RNFL thickness measurement using optical coherence 
tomography (OCT) and several visual function parameters 
(visual acuity, contrast sensitivity, color sensitivity and 
visual field) before and two-months following ethambutol 
therapy. Statistical comparison between pre- and post- 
ethambutol measurements were done using either paired 
T-test or Wilcoxon test. Correlations between anatomical 
and functional changes were assessed with Spearman 
correlation test. 

Results: There were significant changes of peripapillary 
RNFL thickness in superior (147 and 141 μm, p = 0.001), 
nasal (92 and 88 μm, p = 0.045) quadrants and average RNFL 
thickness (116.77 and 112.65 μm, p = 0.001). No significant 
correlation between RNFL thickness changes and the 
changes of visual function parameters (p > 0.05).

Conclusion: Ethambutol consumption for two months in 
recommended dose is still considered safe to human retina 
and visual status.

Keywords: ethambutol, optical coherence tomography, optic neuropathy, retinal nerve
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Ethambutol is one of the first line drugs 
used in treating tuberculosis (TB) together 
with isoniazid, rifampicin, pyrazinamide and 
streptomycin.1 According to WHO report of 
2011, Indonesia is in the fourth-highest number 
of TB infection in 2010, followed with India, 
China and South Africa2 One of the serious side 
effects caused by ethambutol consumption is 
ocular side effect known as ethambutol optic 
neuropathy (EON). 

The incidence of EON varies from 1.5-10% of all 
patients consuming ethambutol, depending on 
the dosage and duration of drug consumption.3,4 
Leibold5 found an incidence of 11% in patients 
consuming 35 mg/kgBW/day of ethambutol, and 
only 2% in patients consuming less than 30 mg/
kgBW/day.

The clinical manifestation of EON involves 
central fibers damage leading to loss of visual 
acuity, color vision, contrast sensitivity and field 
defect (mainly central scotoma).6-8 This ocular 
toxicity has variable prognosis from reversible 
to permanent disturbance.9,10 Early detection is 
generally considered to improve prognosis.3

Various studies performed in animal have shown 
decreased amount of retinal ganglion cells in 
animals treated with ethambutol.11,12 So that 
nowadays retinal ganglion cell damage is more 
widely believed to cause EON. 

Optical coherence tomography (OCT) is a non-
contact examination technique, which shows 
cross-sectional images of the retina. Assessing 
retinal thickness quantitatively, either in the 
macula or peripapillary region, has been made 
possible with this device. Evaluating peripapillary 
retinal nerve fiber layer (RNFL) is popular in optic 
neuropathy cases especially glaucoma.13

There have been some cross-sectional studies 
evaluating peripapillary RNFL in patients with 
EON. Those studies revealed RNFL thinning in 
patients diagnosed with EON.10,14,15 This condition 
is assumed to happen due to damage in retinal 
ganglion cells in the disease. Cross-sectional data 
of RNFL thickness is considered not sufficient 
in making conclusion of RNFL thinning among 
patients with EON, due to the highly variable 
baseline RNFL thickness. This study aimed 
to evaluate the course of peripapillary RNFL 

thinning after patients consume ethambutol and 
also to evaluate the correlation with some visual 
function parameters. In the future it is expected 
that OCT scanning of peripapillary RNFL can 
be used as an alternative diagnostic procedure 
among patients with possible EON.

METHODS

This was a cohort study on 30 individuals newly 
diagnosed with TB infection, conveniently 
recruited from PPTI (perkumpulan pemberantasan 
tuberkulosis Indonesia) clinic, DKI Jakarta region 
beginning from March - July 2013 (including two-
month follow-up). Anti-tuberculosis regimens were 
all given in the form of a fixed dose combination 
(FDC) consisting of ethambutol, isoniazid, 
rifampicin and pyrazinamide, in accordance to 
WHO guideline for TB treatment. Inclusion criteria 
were patient age 18-60 year-old, agree to not 
consuming alcohol during the course of study, and 
agree to sign the study consent. While patients with 
visual acuity less than 6/6, defect in color sensitivity, 
intra-occular pressure (IOP) > 21 mmHg, presence 
of retinal defect, optic nerve abnormality or any 
opacity in the visual axis which may contribute to 
poor OCT results, were excluded.

All subjects underwent complete ophthalmological 
and OCT examination before and two months 
after consuming ethambutol. Each examination 
included an assessment of visual acuity using 
the early treatment diabetic retinopathy study 
(ETDRS) Chart, color sensitivity using the hardy-
rand-rittler (HRR, Richmond products, US) 
pseudoisochromatic plates, and Pelli-Robson 
chart was used for contrast sensitivity test. 
Humphrey 24-2 standard automated perimetry 
using the Swedish Interactive Test Algorithm 
strategy (Carl Zeiss Meditec, Dublin, California, 
USA) was performed at each visit. OCT Stratus 
(Carl Zeiss Meditec, Inc, Dublin, CA) was used 
to examine peripapillary RNFL on both eyes 
of each patient using the retinal nerve fiber 
layer analysis protocol, as has been described 
elsewhere. Patients who were not able to attend 
the scheduled follow-up time, were considered 
lost to follow up.

Statistical analysis were performed using 
Statistical Package for the Social Sciences 
software (SPSS, Inc. version 11.0). Statistical 
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differences between pre- and post-ethambutol 
consumption were assessed using the paired 
T-test or Wilcoxon test. Correlations between 
anatomical and functional changes were assessed 
with Spearman correlation test. P value less than 
0.05 is considered significant. The study protocol 
has been approved by the Ethics Committee of the 
Faculty of Medicine, Universitas Indonesia (No. 
48/H2.F1/ETIK/2013).

RESULTS

There were initially 30 subjects enrolled in the 
study, one subject dropped out before the second 
examination owing to stopped continuing TB 
treatment that only 29 subjects included in the 
study analysis. Patient’s body weight was also 
recorded to get a more precise dosage received 
according to body weight. There were 21 (72.4%) 
male subjects and 8 (27.6%) females subject 
enrolled in the study, with age ranging from 18 
to 55 years old (median 37 years old). The mean 
calculated dosage of ethambutol received per body 
weight in the study was 16.44 mg/kgBW/day.

Before ethambutol
median (min-max)

After ethambutol
median (min-max) p*

Visual acuity† 0  (0–0.14) 0 (0-0.12) 0.022
Color 
sensitivity

19 (13–20) 19 (14–20) 0.001

Contrast 
sensitivity

1,95 (1,35–1,95) 1,95 (1.5-1.95) 0.737

Mean 
deviation 

-4 (-25-0) -2.29 (-23.73-0.2) 0.001

Table 1. Visual function changes associated with two months 
ethambutol consumption

* Wilcoxon test, p < 0,05 significant
† logMar

Quadrant RNFL (μm) before
(mean ± SD)

RNFL (μm) after
(mean ± SD)

Mean difference,
(mean ± SD) p*

Temporal 81 ± 15 78 ± 13 -3.14 ± 12.13 0.054
Superior 147 ± 16 141 ± 16 -5.98 ± 11.98 0.001
Nasal 92 ± 22 88 ± 18 -4.53 ± 16.82 0.045
Inferior 146 ± 21 144 ± 19 -1.60 ± 12.26 0.323
Average 116.77 ± 11.69 112.65 ± 10.63 -4.12 ± 5.62 0.001

Table 2. Changes in peripapillary retinal nerve fiber layer thickness before and two months after receiving ethambutol

RNFL: retinal nerve fiber layer, SD: standard deviation
*Dependent T-test, before vs after ethambutol

Visual acuity 
(logMar)

Color 
sensitivity

Contrast 
sensitivity

Visual field 
(MD)

p value 0.142 0.744 0.084 0.515
r value* -0.195 -0.044 -0.229 -0.087

Tabel 3. Correlation between visual function parameters 
and changes of mean RNFL thickness

Effects of ethambutol consumption here were 
divided into 2, functional and anatomical 
effects, as seen in table 1 and table 2. There are 
statistically significant changes of visual acuity, 
color sensitivity and visual field after consuming 
ethambutol (p < 0.05) (Table 2). Two out of 58 
eyes examined (from 2 different subjects) were 
revealed suitable for the EON diagnostic criteria. 
One has decreased contrast sensitivity and the 
other has decreased color sensitivity. On both 
subjects, ethambutol consumption has been 
discontinued after the second examination. There 
are no statistically significant correlation between 
mean peripapillary RNFL thickness change and all 
visual function parameters changes as expressed 
in table 3.

DISCUSSION

Optic neuropathy due to mitochondrial 
dysfunction in retinal ganglion cells can happen 
either acquired or inherited. These diseases are 
similar in signs and symptoms one with another.16 
Some of the most common cause for acquired 
mitochondrial optic neuropathies are vitamin 
deficiency, nutritional deficiency, toxic substance 
exposure and drug exposures. Some drugs that 
are well known to cause optic neuropathies 
include ethambutol, chloramphenicol, linezolid, 
erythromycin and streptomycin.16,17 Ethambutol 

* Spearman correlation test
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as one of first line anti-TB drug, is well known to 
be able to cause ethambutol optic neuropathy, 
which was postulated to be related to damage on 
mitochondria of retinal ganglion cells.18 

Demographic data shows that there are more 
male subjects with male to female ratio of 
2.62.19 This unequal sex distribution happens 
in almost all parts of the world, due to several 
possible reasons. This male-female ratio is also 
in accordance with WHO report 2011 regarding 
sex distribution of TB patients in South East Asia.2 
Mean age of subjects in this study (35 year-old) is 
also in accordance with WHO report 2011.2

Anti-TB drugs given to all subjects in this study 
were in the form of fixed dose combination (FDC), 
which contain 275 mg of ethambutol and was 
prescribed according to patient’s body weight. 
In this study, subjects received ethambutol with 
average dose of 16.4 mg/kgBW/day. This dose is 
in the acceptable range of dose as recommended 
by WHO, that is between 15-20 mg/kgBW/day, 
and considered to cause very minimal side effects. 

During the study, no patient complained of any 
visual disturbance. This can be explained since EON 
(if any) is mostly asymptomatic at the beginning. 
Decrease of color or contrast sensitivity might 
happen without any complaint from the patient.7,8 
This study found statistically significant decrease 
of RNFL thickness in superior and nasal quadrants. 
This is similar with earlier studies in animals, 
that found decreased retinal ganglion cell density 
among animals fed by ethambutol.11,12 However, 
the reduction is still in the standard deviation 
range, and is still less than the value considered 
significant set at the beginning of the study (10 
μm). Recalculation of samples size revealed that 
the power was less than 80%, so the sample size 
of this study is considered insufficient. Chung, et 
al20 and Tang, et al21 in their study also did not find 
any significant RNFL difference two months after 
ethambutol consumption. 

Sadun, et al17 have previously explained a theory 
that in mitochondrial optic neuropathy cases, 
there is a time period where visual function 
deficit happens without any reduction of 
ganglion cell axons. This is made possible, due 
to an earlier compensatory phase in the axons, 
which is mitochondrial congregation, right before 
apoptosis start taking place. This compensatory 

phase is considered to already be able to cause 
visual function defects.

Some studies have reported that EON can occur 
as early as two months after starting ethambutol 
consumption.3,9,18 This duration is different 
among different studies, with other report 
mentioning a mean duration 3-5 months of drug 
consumption and one descriptive study in Korea 
even reporting that EON cases occured after nine 
months of drug ethambutol consumption.3 This 
study only evaluated patients who consumed the 
drug for two months, so it is also possible that it is 
too early to expect some effect in RNFL thickness.

Apart from RNFL thickness, this study found 
statistically significant reduction of mean acuity, 
color sensitivity and visual field (expressed with 
mean deviation). However, the changes of each 
visual function parameter are clinically considered 
insignificant. These results are different when 
compared to earlier study by Menon, et al22 which 
is able to detect visual function defect in 20% of 
their subjects.

Some earlier studies (especially in glaucoma 
field) have found good correlation between RNFL 
thickness and severity of glaucoma. However, we 
found no correlation between visual function 
changes and average RNFL thickness changes. 
This is thought to be due to the fact that most 
subjects only suffer a minimum reduction of 
RNFL thickness (less than 10 μm), thus, no visual 
function changes happened yet.

This study has some limitations, in which 
consecutive sampling method was used and 
the samples only came from one center. Other 
limitation is that the HFA result in one-third of all 
subjects did not meet the required criteria as an 
accurate result (false positive, false negative and 
fixation losses index). This has made sensitivity 
changes difficult to interpret. The short follow-
up duration was also considered as a limitation, 
as it is well known that occurrence of EON is 
influenced by the duration of drug consumption.

In conclusion, this preliminary study found 
a significant decrease of RNFL thickness in 
some patients after two months of ethambutol 
consumption without changes in visual function 
parameters. In other words, ethambutol 
consumption for two months in recommended 
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dose is still considered safe to human retina and 
their visual status. 
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Palmaris longus absence in six largest Indonesian ethnicities and 
its relationship with gender, ethnicity, and hand dominance

ABSTRAK

Latar belakang: Tendon palmaris longus (PL) sering digunakan 
sebagai tandur dalam prosedur transfer dan rekonstruksi 
tendon. Absensi PL merupakan variasi normal pada tubuh 
manusia, dengan prevalensi yang berbeda pada setiap populasi; 
42,4% pada populasi Serbia dan 4,0% pada populasi Korea. 
Penelitian ini bertujuan untuk mengetahui prevalensi absensi 
PL pada populasi Indonesia dengan keanekaragaman etnis dan 
juga menilai hubungannya dengan jenis kelamin dan sisi tangan 
dominan.

Metode: Penelitian potong-lintang ini dilakukan pada enam 
etnis di Indonesia dengan jumlah responden 1230. Absensi PL 
dinilai dengan uji Scaeffer dan dikonfirmasi dengan uji Mishra 
dan Thompson. Hubungan antara absensi PL dengan etnis, 
jenis kelamin, dan sisi tangan dominan ditentukan dengan uji 
chi-kuadrat.

Hasil: Prevalensi absensi PL pada keseluruhan populasi 
Indonesia adalah 10,41% (37,5% bilateral dan 62,5% 
unilateral). Prevalensi absensi PL yang tertinggi dijumpai pada 
etnis Batak dan Madura (15,5%), diikuti etnis Sunda (11,8%), 
etnis Jawa (10,0%), Betawi (6,0%), dan terendah pada etnis 
Minang (4,1%), perbedaan ini bermakna secara statistik (p = 
0,008). Jenis kelamin wanita menunjukkan prevalensi absensi 
PL yang sedikit lebih tinggi (wanita 10,7% dan laki-laki 10,2%), 
namun perbedaan ini tidak bermakna secara statistik. 

Kesimpulan: Prevalensi absensi PL pada populasi Indonesia 
sebesar 10,4%, terdapat hubungan yang bermakna antara 
absensi PL dengan etnis, namun tidak terdapat hubungan yang 
bermakna dengan gender. Ahli bedah hendaknya memperhatikan 
data ini dalam merencanakan tindakan rekonstruksi yang 
melibatkan tandur PL pada populasi di Indonesia.

ABSTRACT

Background: Palmaris longus (PL) tendon is often used as 
graft in tendon or ligament reconstruction. PL absence is a 
normal variation in human body. Its prevalence was different 
in various population. Serbian population had an absence 
rate of 42.4%, but in the Korean population it was only 
4.0%. This study aimed to determine the prevalence of PL 
absence in various ethnic of Indonesian population and its 
relationship with gender and side of hand dominance. 

Methods: We conducted a cross-sectional study in 1230 
people from six ethnicities in Indonesia. The absence of 
PL was determined by Schaeffer test and confirmed with 
Mishra and Thompson test. Data collection was performed 
by a single examiner in various cities in Indonesia. The 
relationship between PL absence with ethnicity, gender, and 
hand dominance were determined by Chi-square test. 

Results: Prevalence of PL absence in overall Indonesian 
population was 10.4% (bilateral 37.5% and unilateral 
62.5%). The highest were in Batak and Madura ethnicities 
(15.5%), followed by Sunda (11.8%), Java (10.0%), Betawi 
(6.0%), and the lowest was Minang ethnicity (4.1%) (p = 
0.008). Prevalence of PL absence in female and male were 
10.7% 10.2%, respectively, p > 0.05).

Conclusion: Compared to range of prevalence in other 
countries in the world, prevalence of PL absence in 
Indonesian population was moderate (10.4%). There was 
significant difference found between ethnicity, but not in 
gender. Surgeon should consider this data when planning 
for reconstruction procedures using PL graft in Indonesian 
population.

Keywords: ethnicity, gender, hand dominance, palmaris longus, palmaris longus absence, Schaeffer test
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Palmaris longus (PL) is one of the muscles in 
flexor muscles group of human forearm. This 
muscle’s function is to assist flexion of the wrist. 
The origin of this muscle at medial epicondyle 
of the humerus and the insertion is at the flexor 
retinaculum / palmar aponeurosis. PL innervated 
by median nerve.1 PL role in influencing the 
strength of the hand is not yet determined. In 
individuals who have unilateral PL, the strength 
of the hand in that side is stronger than the other 
side in which PL is absence.2

PL tendon is often used in reconstructive 
procedures in various fields of surgery. PL is used 
in orthopedics as a graft in the tendon transfer and 
tendon reconstruction. It is also used as a guide to 
find median nerve.3,4 Other fields of surgery also 
uses palmar longus in reconstructive procedures. 
It is used in plastic surgery for lip augmentation 
and reconstruction, in eye surgery for correction 
of ptosis, and in ear nose throat surgery for 
reconstruction of facial paralysis.5-7

In Cipto Mangunkusumo National Central 
Hospital, especially in Department of Orthopaedic 
and Traumatology, we handled many cases 
related to the PL. From 2010 to 2012, there were 
27 cases of PL tendon rupture, two reconstructive 
procedures using PL tendon graft and two tendon 
transfer using PL. In PL tendon rupture, it was 
found that 15 cases (55%) coincided with rupture 
of the median nerve. It is caused by PL anatomical 
position which adjacent to median nerve. There 
was also facial reanimation procedure in cranial 
nerve VII paralysis done using PL as a graft, it was 
used to suspend paralyzed lip.

PL was not found in every individual, some 
epidemiological studies in various countries 
showed highly variable results regarding the 
absence of PL. This was influenced by genetic 
factors and heredity, but the exact mechanism 
was not clear.8

Failure in identification of PL in surgical procedures 
may lead to iatrogenic median nerve injury. The 
median nerve is the most important structures 
which prone to injury in procedures involving 
PL, this is caused by it anatomical position which 
adjacent to median nerve. Weber and Mackinnon9 
report a median nerve injury in the reconstruction 
of medial ulnar collateral ligament reconstruction 
using PL graft. The graft harvested was turned out to 

be median nerve, causing iatrogenic complications. 
Other similar case was reported by Toros, et al10 
in which iatrogenic median nerve injury occured 
in reconstruction of thumb carpometacarpal 
arthritis. Several other cases of iatrogenic injury 
were also reported by Vastamäki,11 Geldmacher,12 
and Kovácsy.13 This showed that it is important for 
surgeon to know the phenomenon PL absence and 
its careful identification before performing related 
surgical procedures.
 
Although medical procedures involving the use 
of PL graft are widely performed, but the clinical 
data of PL in Indonesia has not been studied 
previously. The lack of reference data in the 
health and medicine is one of the weaknesses 
of Indonesia compared to other more developed 
countries. To prevent morbidity caused by errors 
in the identification of PL, the authors interested 
in conducting study which aim is to determine the 
absence of PL in six largest ethnic of Indonesia. 
The relationship between PL absence to gender 
and hand dominance would also be determined.

 METHODS

This study was conducted to find the relationship 
between absence of PL to gender, ethnicity, 
and dominant hand side. This study was an 
observational study with cross-sectional design 
using unpaired categorical variables.14,15 The 
subjects were Indonesian population from six 
largest ethnic group according to Central Bureau 
of Statistics (Badan Pusat Statistik) data in 2010, 
ie Javanese, Sundanese, Batak, Madura, Betawi, 
and Minang. These ethnic groups represent 
67.9% of Indonesian population. Based on the 
study design, the sample size was determined 
using the following formula.15-16 

N1 = N2 = {Zα 2PQ  + 2β P1Q1 + P2Q2 }2

P1 − P2  

The parameters were:
P1 = Proportion of PL absence from previous 
study, ie 0.113 in Malaysian Malay population17

P2 = Proportion of significant PL absence which 
was determined in this study, ie 0.25
From the calculation using the above formula and 
applying in the following equation:

N1 = N2 =
 1.96  2x0.82x0.818 +  0.84 0.113x0.887 + 0.25x0.75 

 0.25 − 0.113 2

2
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We obtained the minimum number of subjects for 
each ethnic group was 123 subjects.

Sampling was done on April to August 2014. In 
this study, non-probability sampling method 
was used, ie proportional consecutive sampling, 
in which the subjects in every ethnic were 
taken randomly and sequentially by researchers 
according to the inclusion and exclusion criteria. 
The number of subjects in each ethnic was 
adjusted to their proportion in the Indonesian 
population according to 2010 Central Bureau of 
Statistics data.15,16,18

Inclusion criteria were native Indonesian, more 
than 10 year old from ethnicities of either 
Javanese, Sundanese, Batak, Madura, Betawi, or 
Minang with both parents came from the same 
ethnicity. Exclusion criteria were those who do 
not have complete extremity, musculoskeletal 
disease or injury in upper extremity, history of 
severe trauma in upper extremity, and history of 
surgery in upper extremity.

Data was obtained by questionnaire and physical 
examination and documented in photographs. 
To the subjects, we explained about the purpose 
of this study and obtained informed consent if 
they agreed to participate. In this study, physical 
examination was conducted to determine the 
absence of PL by inspection and palpation 
using Schaeffer Test. If PL was not identified, 
we performed other tests such as Mishra I Test, 
Mishra II Test, Thompson Test, Pushpakumar’s 
two fingers sign, Four finger sign, Lotus sign, 
Bhattacharya Test and Gangata Test (Figure 1).

Data would be presented using tables and graphs 
and analyzed using SPSS for Windows version 

 

Figure 1. Physical examination of palmaris longus (PL) ten-
don. (a) Schaeffer test showed bilateral presence of PL, (b) 
Two finger sign showed absence of right PL, (c) Schaeffer 
test showed bilateral PL absence

17.0. Chi-square test was performed to determine 
the relationship between the dependent and 
independent variables. The result was considered 
statistically significant if the p value < 0.05. This 
study protocol had been approved by The Ethical 
Committee of Faculty of Medicine, Universitas 
Indonesia (No. 202/H2.F1/ETHICS/2014).

RESULTS

Data was obtained by taking samples in several 
cities in Indonesia, which were Jakarta, Pemalang, 
Bandung, Bogor, Depok, Bukittinggi, and Padang. 
There was 1230 subject, which characteristics 
were summarized in table 1. Age distribution 
in this study was almost even in the range of 
11 to 45 year old, there was only a few subjects 
whose age more than 50 year old. The minimal 
age of subjects was 11 years old according to the 
inclusion criteria of this study, the oldest subjects 
in this study was 84 years old.

It was shown that there was variation in the 
absence of PL in various ethnicities. Ethnic group 

Ethnic
Gender

Mean age
Hand dominance

Male Female Right Left
Javanese 268 224 38.4 486 6
Sundanese 192 54 34.6 243 3
Batak 46 77 39.3 118 5
Madura 58 65 25.9 121 2
Betawi 71 52 33.8 114 9
Minang 64 59 25.3 116 7
Total 699 (56.8%) 531 (43.2%) 34.7 1198 (97.4%) 32 (2.6%)

Table 1. Relationship between characteristics of subjects, absence of PL, and ethnicity
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with the highest absence were Batak and Madura 
(15.5% and 15.5%), the lowest was ethnic 
Minang (4.1%). It was also shown that unilateral 
PL absence was more frequent compared with 
bilateral PL absence. Absence of PL in each gender 
were shown in table 2. Unilateral absence of PL 
in each gender was more than bilateral absence. 
In Chi-square test, there was no significant 

Risk factors Palmaris longus 
present

Palmaris longus absent
Total pUnilateral Bilateral Total

Gender p = 0.743
Male 628 (89.8%) 45 26 71 (10,2%) 699 (100%)
Female 474 (89.3%) 35 22 57 (10,7%) 531 (100%)

Ethnic p = 0.008
Javanese 443 (90.1%) 33 16 49 (10.0%) 492 (100%)
Sundanese 217 (88.2%) 16 13 29 (11.8%) 246 (100%)
Batak 104 (84.6%) 12 7 19 (15.5%) 123 (100%)
Madura 104 (84.6%) 10 9 19 (15.5%) 123 (100%)
Betawi 116 (94.3%) 2 5 7 (5.7%) 123 (100%)
Minang 118 (95.9%) 1 4 5 (4.1%) 123 (100%)

Hand dominance n/a*
Right 1075 (89.7%) Right: 44 Left: 35 44 123 (10,3%) 1198 (100%)
Left 27 (84.4%) Right: 1 Left: 0 4 5 (15,6%) 32 (100%)

Table 2. Relationship between the absence of PL to gender, ethnic group, and hand dominance

relationship between gender and absence of 
palmaris longus (p = 0.743). Unilateral absence of 
PL in left and right handed subject were shown 
in table 2. In subject with left hand dominance, 
absence of unilateral PL was only found on 
one subject, which is on the right hand. Thus, 
statistical analysis for this variable could not be 
done.

*Statistical analysis could not be done because small number of subject with left hand dominance

Figure 2. Prevalence of PL absence in Indonesian population compared to other population
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In this study, statistical analysis was performed 
to determine factors associated with the absence 
of PL. In Chi-square test, there was a statistically 
significant relationship between the absence of 
PL and ethnicity (p = 0.008). It mean that there 
was significant difference in the absence of PL 
between six major ethnic group in Indonesia with 
the most found in Batak and Madura and the least 
found in Minang ethnicity.

DISCUSSION

This study showed that the rate of absence of 
PL in Indonesian population is was different 
from other populations in the world. In nearby 
populations related historically with Indonesia, 
Malaysian Malay ethnic group, the rate of PL 
absence was 11.3%.17 It was found that the rate 
of PL absence in Indonesian population was 
not much different which was 10.4%. However, 
when compared to other studies in countries far 
away from Indonesia, it was quite different. In 
caucasian (Northern Ireland), the absence rates 
was 25%,4 in Serbia it was 42.4%,2 in India it was 
20.2%,19 while in the East Africa and Korea the 
rate of PL absence were lower (4.0% and 4.4% 
respectively).20,21 Figure 2 described the incidence 
of PL absence in Indonesian population compared 
to other populations in the world.

This study also shows that the absence of PL varied 
in each ethnic studied. The lowest was ethnic of 
Minang and the highest was ethnic of Batak and 
Madura. The combined prevalence of PL absence 
in Indonesia’s six largest ethnic was 10.4%, it 
may represent for the people of Indonesia as 
Indonesia’s six largest ethnic groups comprised 
67.9% of overall population of Indonesia. The 
rest of Indonesia’s population was composed of 
32.1% other diverse ethnic group (more than 
1300 ethnic groups).

The difference in the absence of PL among ethnic 
groups in this study was statistically significant. 
Similar multi-ethnic study was done among 
three main ethnic in Malaysia, which were Malay, 
Indian, and Chinese. In this study they found no 
significant relationship.17 Especially for Betawi, 
even though included in ethnic group according to 
Central Bureau Of Statistics in 2010, historically 
this ethnic was a mixture of several ethnic 
group. The difference between PL absences with 

ethnicity indicated that the formation of PL in 
human body was influenced by genetic factors.

The difference between PL absence between 
male and female in this study did not differ 
significantly with 0.5% more female than male. In 
many studies in other countries, there was more 
percentage of PL absence in men than women, 
although not statistically significant. In Malaysian 
population17 and Lagos, Nigeria22 there was higher 
PL absence in woman by 4.3% and 2.8%, while in 
other populations there was more PL absences in 
male. Caucasian population in Northern Ireland 
had larger males proportion who had absence of 
PL which was 8.7% more than females,4 similar 
situation was also found in East African (1.0% 
more males than females),21 Indian population 
(8.8% more males than females),19 Korean 
population (1.4% more males than females),20 
and in Yoruba population in Nigeria (0.5% more 
males than females).23 In those studies, there was 
no significant association between prevalence of 
PL absence with gender.

During analysis of the association between 
unilateral PL absence with hand dominance 
side, we could not obtain sufficient number 
of subjects. The population with the left hand 
dominant was only 2.6% from the overall study 
subjects. In these subjects, there was only one 
subject who had unilateral absence of PL, thus 
no conclusions could be drawn about their 
association. On the right-handed subjects, the 
unilateral absence of PL mostly found also on the 
right hand (55.7%). The scarcity of subjects with 
left hand dominant could be caused by cultural 
value and customs of Indonesian people who 
think that the left hand is worse than the right 
hand, so many children who were born with 
left hand dominance, were instructed by their 
parents to always use the right hand. A research 
by Kigera and Mukwaya21 in East Africa showed 
that the absence of PL was more frequent on 
non-dominant hand. Other study by Erić, et al2 
showed a significant association that the absence 
of PL was more frequent in non-dominant hand.

In conclusion, the prevalence of palmaris longus 
absence in six largest ethnicity of Indonesian 
population was 10.4%. There was significant 
association between prevalence of PL absence 
and ethnicity. Prevalence of PL absence in six 
largest ethnic groups in Indonesia were 10.0% 
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in Javanese, 11.8% in Sundanese, 15.5% in Batak, 
15.4% in Madura, 5.7% in Betawi, and 4.1% in 
Minang. There was no association between PL 
absence and gender.

Orthopaedics, plastic, eye surgeon, and other 
experts who may use palmar longus as graft or 
perform operations on the forearm should know 
and consider the phenomenon of PL absence to 
avoid iatrogenic complications. Further research 
on PL absence can be done using other modalities 
such as magnetic resonance imaging (MRI), 
ultrasound, or cadaveric study to identify PL more 
accurately.
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Body mass index and waist-to-height ratio cut-offs as predictors of 
high blood pressure in adolescents

ABSTRAK

Latar belakang: Obesitas merupakan faktor risiko peningkatan 
tekanan darah. Meskipun pemeriksaan tekanan darah 
diindikasikan untuk setiap anak yang berobat, pengenalan 
dini risiko tekanan darah tinggi mungkin dapat membantu 
menghemat waktu. Penelitian ini bertujuan untuk mengetahui 
cut-off indeks massa tubuh dan rasio lingkar pinggang per tinggi 
badan untuk melakukan prediksi terhadap tekanan darah tinggi 
pada anak.

Metode: Penelitian ini menggunakan disain potong lintang 
pada 928 anak usia 11 sampai 16 tahun yang dipilih secara 
kluster acak dari sekolah menengah pertama di Yogyakarta. 
Teknik pemeriksaan tekanan darah sesuai dengan The Fourth 
Report on The Diagnosis, Evaluation, and Treatment of High 
Blood Pressure in Children and Adolescents. Indeks massa 
tubuh disesuaikan dengan usia dan jenis kelamin menurut 
standar WHO tahun 2007. Nilai cut-off didapatkan dengan 
menggunakan Receiver Operating Characteristic (ROC).

Hasil: Cut-off skor Z indeks massa tubuh sesuai usia untuk 
prediksi tekanan darah tinggi pada anak adalah 0,51 
(sensitivitas 82%; spesifisitas 76% pada tekanan darah sistolik, 
dan sensitivitas 82%; spesifisitas 72% pada tekanan darah 
diastolik). Cut-off rasio lingkar pinggang per tinggi badan 
adalah 0,45 (sensitivitas 76%; spesifisitas 74% pada tekanan 
darah sistolik, dan sensitivitas 76%; spesifisitas 70% pada 
tekanan darah diastolik). 

Kesimpulan: Indeks massa tubuh dengan nilai skor Z = 0,51 dan 
rasio lingkar pinggang per tinggi badan 0,45 merupakan nilai 
cut-off yang dapat menjadi prediktor tekanan darah tinggi pada 
anak dengan akurasi yang cukup baik.

ABSTRACT

Background: Obesity is associated with increased risk 
for high blood pressure (BP). Although a routine BP 
measurement is indicated for all children visiting pediatric 
practice, recognition of children particularly at risk may save 
times. The aim of this study was to assess the cut-off point 
for body mass index (BMI) and waist-to-height ratio (WHtR) 
to predict high BP in adolescents. 

Methods: We conducted a cross-sectional study on 928 
children aged 11 to 16 years in Yogyakarta. BP were 
measured using standard technique described by The 
Fourth Report on The Diagnosis, Evaluation, and Treatment 
of High Blood Pressure in Children and Adolescents. BMI 
was adjusted for age and sex using the WHO 2007 growth 
reference. WHtR was ratio of waist circumference related 
to height in centimeters. Receiver operating characteristic 
(ROC) curves were used to estimate the best cut-offs. 

Results: The best cut-off point for BMI-for-age Z-score 
(BMIZ) to predict high BP was 0.51 with sensitivity and 
specificity of 82% (95% CI = 78-86) and 76% (95% CI = 
67-78) for systolic BP and sensitivity and specificity of 82% 
(95% CI = 78-86) and 72% (95% CI = 68-76) for diastolic BP. 
The best cut-off point for WHtR was 0.45, with sensitivity of 
76% (95% CI = 67-78) and specificity of 74% (95% CI = 71-
79) for systolic BP and sensitivity of 76% (95% CI = 72-80) 
and specificity of 70% (95% CI = 61-75) for diastolic BP.

Conclusion: BMIZ of 0.51 and WHtR of 0.45 are the best cut-
off point to predict high BP in adolescents.

Keywords: adolescents, BMI-for-age Z-score, blood pressure, waist-to-height ratio
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Elevated blood pressure (BP) in children and 
adolescents is a risk factor for subsequent 
hypertension.1 A population study showed that 
obese children had approximately five times higher 
risk for elevated BP compared to children with 
normal weight.2 The risk was even higher in those 
with central distribution of body fat.3-5 Several 
anthropometric indicators, e.g. body mass index 
(BMI) and waist-to-height ratio (WHtR), had been 
used to estimate the level and the distribution of 
body fat in children and adolescents.4,5

Although a routine BP measurement is indicated 
for all children visiting pediatric practice, 
awareness of the possibility of elevated BP 
through abnormal anthropometric indicators 
may be a good strategy to detect children 
particularly in need for BP measurement.6 Cut-
off points for BMI and WHtR as predictors for 
high BP has been developed in other countries, 
i.e. China, US, Japan, and Brazil.7-9 They observed 
cut-offs of +1 for BMI-for-age z-scores (BMIZ) 
and 0.5 for WHtR as predictors for elevated BP.9,10 
The objectives of this study was to assess the 
cut-off points of BMIZ and WHtR for predicting 
high BP in adolescents of Indonesian people in 
Yogyakarta.

METHODS  

We conducted a cross-sectional study in junior 
high school students aged 11-16 years from 
three junior high schools in Yogyakarta. The 
study was performed in August 2012. Exclusion 
criteria were diagnoses of heart and renal 
diseases, adrenal disorders, and use of steroids 
or sympathomimetic drugs. From 938 children 
identified, 928 (99%) accomplised the inclusion 
and exclusion criteria.

Measurement of weights, heights and waist 
circumferences were performed in triplicate, the 
means of the three measurements were used 
for subsequent data analysis. Body weight was 
calculated to the nearest 0.1 kg by a digital weight 
scale which had been calibrated in the Metrology 
Department.10 Height was measured to the nearest 
0.1 cm using portable stadiometer with the subject 
standing without shoes facing the examiner.11 Waist 
circumference was measured at a point between 
iliac crest and costal angle, using a non-stretchable 
measurement tape, to the nearest 0.1 cm.11

BMI  was a calculation of weight (in kilograms) 
divided by squared height (in meters). BMIZ 
was age and gender adjustment of BMI using the 
WHO 2007 reference curve.12 WHtR was waist 
circumference related to height in centimeter.

Blood pressures were measured in classrooms 
by trained nurses using a calibrated ossilometer. 
Blood pressures were measured in two-different-
day-visits.13 Appropriate cuff’s size for every 
children’s right arm was used. The appropriateness 
of the cuff’s size was checked by measuring the 
subjects’ right arm circumference using a non-
stretchable measurement tape, to the nearest 0.1 
cm. The length of the manset should cover 80% 
of the right mid-upper-arm circumference and its 
width covering 40% of the right mid-upper-arm 
circumference, after at least 10 minutes rest from 
recent activity. The children were asked to sit in a 
comfortable sitting position with their right arm 
fully exposed and resting on a supportive surface at 
the heart level. The measurements were performed 
in triplicate, a 5 minute-rest were given before the 
subsequent measurement was performed.2 High BP 
was defined as BP ≥ 90 percentile of the reference by 
the The Fourth Report on The Diagnosis, Evaluation, 
and Treatment of High Blood Pressure in Children 
and Adolescents, which was based on age, sex and 
height.2 

Data were collected by six trained personnels. 
Concordance for every measurements were 
assessed. The Kappa values were 0.94 for 
measurement of body weight and height, 
0.84 for waist circumference, and 0.94 for BP 
measurement.

Data on age, sex, the presence of heart, kidney 
or adrenal diseases as well as information 
on medications used were obtained from 
questionnaires filled by parents. Parents signed 
informed consent for their children to participate 
in the study. Ethical approval was obtained by 
Medical and Health Research Ethics Committee, 
Faculty of Medicine, Gadjah Mada University, Dr. 
Sardjito General Hospital (No. Ref : KE/FK/625/
EC).

Receiver operating characteristic (ROC) curves 
and their parameters, area under the curve 
(AUC), sensitivity and specificity were used to 
find cut-offs for BMI and WHtR associated with 
elevated BP.
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RESULTS

We invited 490 boys (52.8%) and 438 girls 
(47.2%) to participate in the study. Characteristics 
of the study subjects were shown in table 1.

Figure 1 showed the sensitivities and specificities 
of each cut-off point for BMIZ to detect high systolic 
BP. In boys, the cut-off point varied between 0.43 to 
0.98 with variations of sensitivities between 71% 

Characteristic Boys (n=490)
Mean (SD)

Girls (n=438)
Mean (SD)

Total
Mean (SD)

Age (years) 13.0 (1.1) 12.9 (1.0) 12.9 (1.0)
BMI-for-age Z-scores (BMIZ) 0.7 (1.6) 0.5 (1.3) 0.6 (1.5)
Waist to height ratio (WHtR) 0.47 (0.08) 0.45 (0.06) 0.46 (0.07)
Sistolic BP (mmHg) 117.4 (13.4) 112.2 (10.7) 115.0 (12.5)
Diastolic BP (mmHg) 68.3 (10.5) 67.9 (9.6) 68.1 (10.1)

Table 1. Characteristics of the subjects

Figure 1. ROC curves and cut-offs for body mass index for age Z-scores (BMIZ) to detect high systolic BP in boys (A), girl (B) and 
total (C); sensitivity (sens), specificity (spes)

to 82%, and specificities between 75% to 84%. In 
girls, the cut-off point varied between 0.50 to 0.89, 
with sensitivities between 68% and 83%, and 
specificities between 74% and 81%. In all children 
(boys and girls), the variation of cut-off point 
were between 0.47 to 0.92, with the variation of 
sensitivities between 70% to 82%, and specificities 
between 75% to 82%. From the overall data, a 
BMIZ cut-off point that was the best predictor for 
high systolic BP was BMIZ of 0.51 with sensitivity 
of 82% (95% CI = 78-86) and specificity of 76% 
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Figure 2. ROC curves and cut-offs of waist-to-height-ratio (WhtR) to detect high systolic BP in boys (A), girl (B) and total (C); 
sensitivity (sens), specificity (spes)
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(95% CI = 72-83) (Table 2). This value had the best 
trade-off of sensitivity and specificity.

Figure 2 showed the sensitivities and 
specificities of every cut-off point of WHtR 
to detect high systolic BP. In boys, the cut-
off point were between 0.41 to 0.50 with 
variation of sensitivities between 56% to 85%, 
and specificities between 52% to 90%. In 
girls, the cut-off point varied between 0.42 to 
0.50, with sensitivities between 41% to 88%, 

Cut-offs
Sensitivity 95%CI Specificity 95%CI

Systolic BP BMIZ*: 0.51
Boys 81% 77-86% 77% 72-83%
Girls 83% 78-89% 75% 70-80%
Total 82% 78-86% 76% 72-80%

Systolic BP WHtR**: 0.45
Boys 72% 66-72% 77% 72-83%
Girls 72% 65-78% 73% 68-79%
Total 76% 67-78% 74% 71-79%

Diastolic BP BMIZ*: 0.51
Boys 82% 77-87% 72% 67-77%
Girls 81% 75-87% 73% 66-77%
Total 82% 78-86% 72% 68-76%

Diastolic BP WHtR**: 0.45
Boys 76% 67-78% 73% 67-78%
Girls 71% 60-74% 72% 64-73%
Total 76% 72-80% 70% 61-75%

Table 2. Cut-off points and their sensitivities and specificities

*BMIZ=BMI-for-age z-score
** WHtR= waist-to-height-ratio

and specificities between 47% to 88%. In all 
children (boys and girls), the variation of the 
cut-off point were between 0.42 to 0.5, with the 
variation of sensitivities between 50% to 85%, 
and specificities between 53% to 89%. From 
the overall data, WHtR cut-off point that was 
the best predictor for high systolic BP was 0.45 
with sensitivity of 76 % (95% CI = 67-78) and 
specificity of 74% (95% CI = 71-79) (Table 2). 
This value had the best trade-off of sensitivity 
and specificity.

Figure 3. ROC curves and cut-offs for body mass index for age Z-scores (BMIZ) to detect high diastolic BP in boys (A), girl (B) and 
total (C); sensitivity (sens), specificity (spes)
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Figure 3 showed the sensitivities and specificities of 
each cut-off point for BMIZ to detect high diastolic 
BP. In boys, the cut-off point were between 0.43 to 
1.01 with a variation of sensitivities between 70% 
to 81%, and specificities between 68% to 80%. 
In girls the cut-off point varied between 0.46 to 
0.86, with sensitivities varied between 68% to 
81%, and specificities between 70% to 78%. In 
all children (boys and girls), the variation of the 
cut-off point were between 0.46 to 0.98 with the 
variation of sensitivities between 69% to 82%, 
and specificities between 69% to 79%.  From the 
overall data, BMIZ 0.5 was the best cut-off point 
for predicting high diastolic BP, with sensitivity 
of 82% (95% CI = 78-86) and specificity of 72% 
(95% CI = 68-76) (Table 2). This value had the 
best trade off of sensitivity and specificity.

Figure 4 showed the sensitivities and specificity of 
each cut-off point of WHtR to detect high diastolic 
BP. In boys, the cut-off varied between 0.43 to 
0.49 with a variation of sensitivities between 60% 
to 80%, and specificities between 65% to 84%. 
In girls, the cut-off point varied between 0.43 to 
0.49, with sensitivities between 46% to 78%, and 
specificities between 55% to 85%. In all children 
(boys and girls), the variation of the cut-off point 
were between 0.43 to 0.49 with the variation of 
sensitivities between 54% to 79%, and specificities 
between 60% to 85%. From the overall data, WhtR 
cut-off point that was the best predictor for high 
diastolic BP was 0.45 with sensitivity of 76% (95% 
CI = 72-80) and specificity of 70% (95% CI = 61-
75). This value had the best trade-off of sensitivity 
and specificity.

Figure 4. ROC curves and cut-offs of waist-to-height-ratio (WhtR) to detect high diastolic BP in boys (A), girl (B) and total (C); 
sensitivity (sens), specificity (spes)

DISCUSSION

Boys showed higher mean distribution of WHtR 
than girls (0.47 vs 0.45). This is consistent with 
the theory that central fat accumulation is more 
common in men, whereas in women the fat will 
accumulate more in peripheral areas such as the 
thighs.14

Our study observed that both BMIZ and WHtR 
are fairly good predictors of high BP. Using 
appropriate cut-off point, both indicators gave 
high sensitivity and specificity to detect systolic 
and diastolic high BP. Compared to previous 
study in Mexico, cut-off point identified in this 
study were lower, although the sensitivity and 
specificity did not differ much.15 In children 
aged 6-12 years, Elizondo-Montemayor, et al15 
observed a cut-off point for BMIZ of 1.92 with 
sensitivity of 85.5% and a specificity of 72.9%, 
while their cut-off point for WHtR was 0.59 with 
sensitivity of 81.8% and specificity 78.5%. Similar 
results were also observed by Motswagole, et al16 
suggested cut-off point 0.5 for WHtR a sensitivity 
of 68% and specificity of 98.6%, while Hara, et al8 
suggested 0.41 as the cut-off point for WHtR with 
sensitivity of 61.9 % and specificity of 53.6%.

In conclusion, cut-off point for BMIZ to detect 
high BP in adolescents was 0.51 with sensitivity of 
82% and specificity of 76%, while the respective 
cut-off point for WHtR was 0.45 with sensitivity 
of 75% and specificity of 74%. The result of 
this study can be used to help deciding whether 
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certain obese patients are in need for screening 
for high BP.
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Validity and reliability of the Indonesian version of tinnitus 
handycap inventory

ABSTRAK

Latar belakang: Tinitus merupakan keluhan dibidang THT 
yang mempengaruhi kualitas hidup penderitanya. Rencana 
terapi salah satunya didasari pada hasil penilaian kualitas 
hidup pasien. Tinnitus Handycap Inventory (THI) adalah 
salah satu kuesioner yang banyak digunakan untuk melakukan 
penilaian kualitas hidup penderita tinitus. Penelitian ini 
bertujuan untuk melakukan proses translasi dan menguji 
validitas serta reliabilitas THI versi Bahasa Indonesia.

Metode: Studi menggunakan desain potong lintang yang 
dilakukan untuk menguji konsistensi internal, reliabilitas dan 
validitas THI versi Indonesia pada 50 orang penderita tinitus 
subjektif di Poli THT RSCM selama bulan Mei-Agustus 2010. 
25 butir pertanyaan diterjemahkan dalam Bahasa Indonesia 
dan dilakukan terjemahan balik dan proses validasi dengan 
validasi transkultural WHO.

Hasil: Hasil uji validitas dalam tiga skala aspek penelitian 
adalah valid untuk skala emosi katastropik, dan skala 
fungsional kecuali pada butir pertanyaan nomor F2 dan F15. 
Uji reliabilitas dan keandalan konsistensi internal yang sangat 
baik pada keseluruhan skala (Cronbach-α = 0,9113). 

Kesimpulan: Instrumen THI adaptasi Bahasa Indonesia valid 
dan reliabel menurut kaidah validasi transkultural WHO 
sebagai instrumen psikometrik kualitas hidup pasien tinitus 
dan dapat digunakan untuk membantu dalam perencanaan 
terapi pasien tinitus.

ABSTRACT

Background: To translate and assess the validity and 
reliability of the Indonesian version of Tinnitus Handycap 
Inventory (THI) as an psychometric instrument for evaluating 
the quality of life in tinnitus patients. This instrument will 
support the clinicians to determine the appropriate tinnitus 
management for them.

Methods: A cross-sectional psychometric validation study was 
performed to assess the internal consistency, reliability and 
validity of the Indonesian version of THI in 50 subjective tinnitus 
patients at ENT outpatient clinic of Cipto Mangunkusumo 
Hospital between May-August 2010. 25 question items of 
original THI were translated, back-translated and validated 
using the transcultural validation by WHO.

Results: The validity test demonstrated a significant 
correlation in the emotional and the catastrophic scale 
whilst there was no significant correlation in the functional 
scale for item F2 and particularly for item F15. Nevertheless, 
the validity test on the functional scale showed a good 
result. This study also showed high internal consistency and 
reliability for the total scale (Cronbach-α = 0.91)

Conclusion: The evaluation result indicated that the 
reliability of adapted Indonesian version of the THI in our 
study is relatively high and could be applied in clinical 
examination or further otolaryngology study by both 
specialists and general physicians.

Keywords: tinnitus, tinnitus handicap inventory, validity study
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Tinnitus is defined as abnormal perception of 
sound such as ringing or noise in the ears that may 
be accompanied with hearing loss.1 The etiology 
of tinnitus still has not been confirmed until now, 
most cases even have unknown etiologies. The 
term tinnitus comes from the Latin word -tinnere, 
which means ringing. It may also be defined as the 
perception of sound in the absence of corresponding 
external sound stimulus. There is various auditory 
perception of tinnitus, which include buzzing, 
howling, hissing, whizzing or other various types 
of sounds. The sound produced may be high or low 
pitched, it may be loud or soft noise, it may also be 
continuous or intermitten.2 The management of 
tinnitus still includes empirical treatment and it is 
still debatable until now. 

In daily practice, an ear nose throat (ENT) often 
discovers patients experiencing a ringing in the 
ears. To establish the diagnosis, physicians will 
perform a series of diagnostic procedures, starting 
from history taking, physical examination including 
otoscopy, tuning-fork test, audiometry, tinnitus 
psychoaccoustic assessment and evaluation on 
the patient’s quality of life by using a psychometric 
instrument. 

Tinnitus is a quite common complaint that could be 
found in daily practice.2 It may severely affect one’s 
life that may disturb their work activity or even 
social life. Tinnitus may cause serious problems 
to the patient since it may affect their ability to 
concentrate and cause anxiety and depression that 
may lead to the impairment of quality of life. 

There are many patients with complaints of 
tinnitus visit an ENT outpatient clinic in Cipto 
Mangunkusumo everyday. Based on the patient 
database of Neurotology Division ENT outpatient 
clinic Cipto Mangunkusumo Hospital, there were 
approximately 256 patients came with complaints 
of tinnitus with various underlying etiologies on 
June 2008 to June 2009.

The primary goal of treatment is not just singular 
cure for the patients, but also to make the 
patients could carry out their daily activities as 
their normal life prior to the illness. Therefore, 
the effectiveness of treatment may not only 
be limited on clinical measure, but also on the 
quality of life in patients with tinnitus, which 
should be also evaluated in keeping with the 
executed management and treatment. Evaluation 

on quality of life is a subjective matter, which is 
in accordance with the feeling and perception of 
the patients themselves by using a questionnaire 
as the measurement instrument. Among the 
most widely used questionnaire for tinnitus is 
the tinnitus handicap inventory (THI), which was 
developed in the United States of America. 

However, there is no measurement tool in Indonesia 
to evaluate patients with a complaint of tinnitus. 
Therefore, we need the Indonesian version of the 
THI questionnaire which has undergone validity 
and reliability tests as a tool for quality of life 
assessment in patients with tinnitus. 

METHODS

Our study used a cross-sectional design to evaluate 
the validity and reliability of the Indonesian 
version of THI psychometric instrument at the 
ENT outpatient clinic of ENT Cipto Mangunkusumo 
Hospital with 50 patients between May-August 
2010. This research had approved by the Ethical 
Clearence Commitee from Faculty Medicine 
Universitas Indonesia and Cipto Mangunkusumo 
Hospital No. 231/PT02.FK/ETIK/2010.

Sample sized calculation based on data prevalence 
from Newman, et al3 is 52% and the total number 
patients for this study using formula is 50.

N = Zα2 x P x Q 
d2  

Inclusion criteria were: (1) patients aged above 18 
years with chief complaint of the subjective tinnitus, 
either continuous or intermittent, unilateral or 
bilateral; (2) with type A tympanogram result 
revealing normal condition in middle ear; (3) with 
pure-tone audiometry revealing normal condition 
or sensorineural hearing loss; (4) with sufficient 
Indonesian literacy, i.e. a good conduct in speaking, 
reading and writing Indonesian language. 

Measures and procedures 
The original version of English THI questionnaire 
was translated into Indonesian language by 
three expert translators, bilingual in English and 
Indonesian. They translated the questionnaire 
separately and they have no acquaintance 
with one another. After being translated, the 
25 question items of the questionnaire were 
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evaluated by a committee consisted of investigators 
and neurotology consultants at Department of ENT, 
the methodology counselors and the translators. 
The translation result was reviewed and compared 
with the English version of THI. Translation results 
with coherent meaning were selected. After 
that, the result was back translated into English 
and subsequently being re-evaluated by the 
committee. The back translation in English was 
compared with the original version. We compared 
every question item in the original version of THI, 
the back translation and the translation results 
in Indonesian language. Correction on question 
items that may cause bias was performed and the 
correction was made in keeping with Indonesian 
culture. After the assessment, a study on the 
questionnaire was conducted. 

The Indonesian version of the THI was 
administered to 10 model participants who had 
met the inclusion criteria. The evaluation on the 
result of the questionnaire study was discussed 
further by the committee. After the assessment, 
correction and adaptation with Indonesian 
culture, the elaboration of the Indonesian 
version of the THI was finally made, which would 
undergone subsequent questionnaire assessment 
for other model participants. Candidates 
of model participants who had fulfilled the 
inclusion criteria underwent history taking, 
ENT examination and audiological examination 
performed by the investigators. Afterward, the 
self-report adapted Indonesian version of the 
THI questionnaires were completed by the model 
participants. The completion of the questionnaire 
was made during their visits to ENT outpatient 
clinic at Cipto Mangunkusumo Hospital. 

The validity test was conducted using the 
transcultural validation by WHO consists of 
internal validity test and internal instrument 
reliability test on adapted Indonesian version 
of the THI. The validity test was using the 
Spearman’s correlation coefficient to measure 
correlation between question items and its 
scores, whilst internal reliability test was used to 
analyze the consistency of question items using 
the Cronbach’s alpha.

Following the data collection from participants, 
we performed data analysis and processing using 
internal validity test and internal instrument 
reliability test. 

RESULTS

The study involved 50 model participants, i.e. 30 
male and 20 female subjects. The mean age was 
46.6 years (SD ± 13.7), with the oldest age of 82 
years and the youngest age was 18 years. Table 1 
demonstrates that most participants were at the 
fifth decades. The majority of subjects had high 
education level at diploma or undergraduate level, 
which was found in 46.0% of subjects, followed 
by moderate education level at high school level 
or the equivalent found in 44.0% of subjects. Most 
model participants (56.0%) were employed and 
44.0% participants had no employment.

The data on characteristic of tinnitus showed 
that most of participants described their tinnitus 
as pure tone or tonal tinnitus (68.0%). Right 
unilateral tinnitus was found in most participants, 
i.e. 20 model participants (40.0%); however, 
it was not significantly different with the left 
unilateral tinnitus, which was found in 19 model 
participants (38.0%). Most participants who 
had bilateral tinnitus experienced more severe 
complaints on their left side. About 35 model 
participants (70.0%) had continuous tinnitus 
over the day. Tinnitus was developed abruptly in 

Variables Total Percentage
Age

18-30 years 6 12.0
31-40 years 12 24.0
41-50 years 14 28.0
51-60 years 11 22.0
> 60 years 7 14.0

Sex
Male 30 60.0
Female 20 40.0

Education level
Low (illiterate/elementary/
junior high)

5 10.0

Moderate  (high school) 22 44.0
High (diploma/undergraduate) 23 46.0

Occupation Employed
Civil servants 7 14.0
Private office employee 13 26.0
Others 8 16.0

Unemployed 22 44.0

Tabel 1. Characteristic patients

http://mji.ui.ac.id
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39 model participants (78.0%) and gradual onset 
was found in 22% participants. The duration of 
less than a year tinnitus was experienced by 30 
(60.0%) tinnitus. 

Most participants, i.e. 40 participants (80.0%) 
described high-pitched tinnitus. About 23 model 
participants (46.0%) had no hearing impairment 
due to tinnitus and only 7 participants (14.0%) 
had severe hearing impairment. Approximately 
22.0% of model participants felt that the tinnitus 
became louder, either in quiet or crowded 
surroundings.

Internal validation and reliability test 
Validation of the THI was performed according 
to WHO principles on transcultural validation 
test. Before commencing the study, a written 
permission to perform the validation process has 
been asked from the copyright holder of the THI, 

No Question Yes No Sometimes
F1 Because of your tinnitus is it difficult for you to concentrate?
F2 Does the loudness of your tinnitus make it difficult for you to hear people?
E3 Does your tinnitus make you angry?
F4 Does your tinnitus make you confused?
C5 Because of your tinnitus are you desperate?
E6 Do you complain a great deal about your tinnitus?
F7 Because of your tinnitus do you have trouble falling to sleep at night?
C8 Do you feel as though you cannot escape your tinnitus?
F9 Does your tinnitus interfere with your ability to enjoy social activities (such as going out to 

dinner, to the cinema)?
E10 Because of your tinnitus do you feel frustrated?
C11 Because of your tinnitus do you feel that you have a terrible disease?
F12 Does your tinnitus make it difficult to enjoy life?
F13 Does your tinnitus interfere with your job or household responsibilities?
F14 Because of your tinnitus do you find that you are often irritable?
F15 Because of your tinnitus is it difficult for you to read?
E16 Does your tinnitus make you upset?

E17 Do you feel that your tinnitus has placed stress on your relationships with members of your 
family and friends?

F18 Do you find it difficult to focus your attention away from your tinnitus and on to other things?
C19 Do you feel that you have no control over your tinnitus?
F20 Because of your tinnitus do you often feel tired?
E21 Because of your tinnitus do you feel depressed?
E22 Does your tinnitus make you feel anxious?
C23 Do you feel you can no longer cope with your tinnitus?
F24 Does your tinnitus get worse when you are under stress?
E25 Does your tinnitus make you feel insecure?

Table 2. The original questionnaire prior to the translation

Craig Newman MD in Cleveland, United States of 
America. The study was conducted after having 
his consent on validation of the THI. 

The final version of the THI used in our study 
had linguistic and cultural revisions. At first, we 
included the concept and definition of the word 
-tinnitus in the questionnaire. However, the term 
-tinnitus is not a common word in Indonesian 
language, but it is a general medical term. The 
word is not intended to be understood by a 
layman; therefore, a definition of -tinnitus was 
included in the THI questionnaire considering 
that it is a self-report questionnaire and the model 
participants may directly read the meaning of 
the word. During the study on the questionnaire, 
two participants regarded that the questions are 
too long, hardly understood and confusing. On 
the committee assessment, words of Indonesian 
translation result were reduced and replaced. At 
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the end of the questionnaire, we also included 
the concept of word -despair since the model 
participants asked for clarification about the 
meaning of the word. Some sentences had been 
revised as follows:  F18 “Do you find it difficult 
to focus your attention away from your tinnitus 
and on to other things?”, C19 ”Do you feel that 
you have no control over your tinnitus?”, and 
C23 ”Do you feel you can no longer cope with 
your tinnitus?”.

The above mentioned sentences were revised 
into: F18 “Is it difficult for you to get your 
attention away from your tinnitus on to other 
things?”, C19 “Do you feel that you can not control 
your tinnitus?” C23 “Do you feel you can no longer 
bear with your tinnitus?”

No Pertanyaan Ya Tidak Kadang-kadang
F1 Akibat tinitus anda, sulitkah bagi anda untuk berkonsentrasi? 
F2 Apakah kerasnya suara tinitus anda membuat anda sulit mendengar suara orang? 
E3 Apakah tinitus anda membuat anda marah? 
F4 Apakah tinitus anda membuat anda bingung? 
C5 Akibat tinitus anda, apakah anda merasa putus asa*? 
E6 Apakah anda sering mengeluh mengenai tinitus yang anda derita? 
F7 Akibat tinitus anda, apakah anda sulit untuk tidur di malam hari? 
C8 Apakah anda merasa bahwa anda tidak dapat bebas dari tinitus? 
F9 Apakah tinitus anda mengganggu kemampuan anda untuk menikmati kegiatan-kegiatan 

sosial (misalnya pergi keluar untuk makan malam, nonton bioskop)? 
E10 Akibat tinitus anda, apakah anda merasa frustasi? 
C11 Akibat tinitus anda, apakah anda merasa bahwa anda menderita suatu penyakit yang 

mengerikan?
F12 Apakah tinitus anda membuat anda sulit menikmati hidup? 
F13 Apakah tinitus anda mengganggu pekerjaan anda atau tanggung jawab rumah tangga anda? 
F14 Akibat tinitus anda, apakah anda mendapatkan bahwa anda sering kali mudah tersinggung? 
F15 Akibat tinitus anda, sulitkah bagi anda untuk membaca?
E16 Apakah tinitus menyebabkan anda kesal? 
E17 Apakah anda merasa penyakit tinitus yang anda derita menimbulkan stress pada hubungan 

anda dengan keluarga dan teman-teman? 

F18 Apakah sukar bagi anda mengalihkan perhatian dari tinitus yang anda derita pada hal lain? 
C19 Apakah anda merasa bahwa anda tidak dapat mengontrol tinitus yang anda derita? 
F20 Akibat tinitus anda, apakah anda seringkali merasa lelah? 
E21 Akibat tinitus anda, apakah anda merasa tertekan? 
E22 Apakah tinitus membuat anda merasa cemas?
C23 Apakah anda merasa tidak tahan lagi dengan tinitus yang anda derita? 
F24 Apakah tinitus anda menjadi lebih parah bila anda dalam keadaan stress? 
E25 Apakah tinitus membuat anda merasa tidak aman? 

Table 3. Final Indonesian version of adapted and revised THI “Tinnitus: sound in the ear (buzzing/ringing/roaring/hissing/howling/
thundering)”

*) Putus asa = despair : to lose hope or no more hope (of a cure for illness)

DISCUSSION

The transcultural validation in Jakarta is different 
from validation process in Brazil. Revised sentences 
in items 1, 10 and 24 were related to the word 
-concentration, -frustrated and -stresses, which 
were unclear for 3.0% of the patients in Brazil.3

According to Ferreira, et al3 when there is difficulty 
in understanding a number of question items 
by some population but at least 80.0% of the 
individuals understand the questions, then a new 
process of translation and back-translation are 
not necessary. In our study, three question items 
had been re-evaluated by the committee followed 
the transcultural validation process proposed by 
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WHO. The reliability and validity tests in our study 
have demonstrated that those three question 
items are valid and reliable. 

The validity test was performed in our study by 
measuring the correlation between each question 
item and the total score of questions and by analyzing 
them with Spearmann correlation coefficient 
test.4 Our study found a significant correlation in 
emotional and catastrophic scale. In contrast, there 
was an invalid correlation in the functional scale i.e. 
for item F2 and especially on item F15. Item F2, i.e.” 
Does the loudness of your tinnitus make it difficult 
for you to hear people?” was evaluated as invalid 
result and had no significant correlation with total 
score. It probably occurs due to self perception 
of the questionnaire by the model participants 
considering that the questionnaire is a self-report 
tool. Moreover, we could find that most patients had 

Variable r Significance
F1 0.494(**) .000
F2 0.142 .325
F4 0.646(**) .000
F7 0.629(**) .000
F9 0.583(**) .000

F12 0.749(**) .000
F13 0.689(**) .000
F14 0.463(**) .001
F15 0.246 .086
F18 0.677(**) .000
F20 0.524(**) .000
F24 0.394(**) .005
E3 0.711(**) .000
E6 0.702(**) .000

E10 0.422(**) .002
E16 0.600(**) .000
E17 0.694(**) .000
E21 0.610(**) .000
E22 0.708(**) .000
E25 0.658(**) .000
C5 0.602(**) .000
C8 0.372(**) .008

C11 0.445(**) .001
C19 0.480(**) .000
C23 0.605(**) .000

**) p < 0.01 was considered significant 

Table 4. Validity test using the total scale scores of Spear-
mann correlation coefficient on adapted Indonesian version 
of the THI

Scale Cronbach-α
Functional 0.8356
Emotional 0.8438

Catastrophic 0.6950
THI total 0.9113

Table 5. Reliability test on adapted Indonesian version of 
the THI

Minimal Cronbach-α was 0.7

no hearing impairment although the symptom of 
tinnitus was positive. However, based on the validity 
assessment of functional scale, we found a relatively 
significant value; therefore, the question should be 
re-adjusted on the understanding the sentence of 
the question. 

Item F15 which stated ”Because of your tinnitus 
is it difficult for you to read?” has emphasized the 
meaning of -read as to observe and understand 
the content of written statement (both by reading 
it loudly or reading it by heart). When referring 
to such concept, then the model participants 
may have different understanding of meaning 
and regard the term -read as reading something 
casually causing the item to be not valid. 
Furthermore, the meaning of the word -reading 
by cultural aspect in our country is different from 
the developed countries (particularly, in United 
States where the THI was established), where 
reading has become their needs. Such situation 
does not apply in developing countries including 
Indonesia. Reading has not become our daily 
needs. It is just an activity for leisure time.5,6 The 
word -reading here is regarded as a casual activity 
and the tinnitus does not affect the activity. The 
situation is different in developed countries, where 
such activity has become daily routine. However, 
it should be considered that reading activity is 
increasing in Indonesia nowadays, especially for 
urban community and the activity has become a fun 
activity.7 Thus, the question about tinnitus may not 
affect the reading activity since it is regarded as a 
fun. Another factor that may cause a questionnaire 
to be invalid is the length of questionnaire. The 
quite large number of questions in THI (25 
items) that should be answered may make the 
participant weary. It causes inappropriate answer 
in addition to the self-report characteristic of the 
questionnaire. Thus, there is less understanding 
about the questionnaire. Other factors include the 
characteristics of model participants in our study, 
who were mostly unemployed (44.0%) who came 
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for treatment including housewives and retired 
participants as well as various ethnic backgrounds 
that may cause misunderstandings on word 
utilization in the questionnaire. Considering the 
abovementioned points, the question should be re-
adjusted on the understanding of sentence of the 
question.  

The reliability test in our study includes intra-
observer reliability test and internal consistence. 
The study result of adapted Indonesian version 
of THI demonstrated excellent reliability 
and consistent internal reliability at all scales 
(Cronbach-α = 0.9113), which is similar with 
the original version of reliability test or THI in 
United States of America (Cronbach-α = 0.93).8 
The assessment of reliability on the three scales, 
i.e. functional, emotional and catastrophic scales 
has demonstrated a relatively adequate result (α 
= 0.8356, α = 0.8438, α = 0.6950), which also had 
similar result to the study conducted in the United 
States of America or the original version (α = 0.86, α 
= 0.87, α = 0.68).

Both reliability tests demonstrated low alpha 
score in catastrophic scale, which was related 
to less number of question items in the scale.9 

Another investigator, Ghozali10 also supported 
the fact who stated that an instrument may have 
high reliability rate if the coefficient value found 
is ≥ 0.60. Considering that item C19 mentioning 
about the patients’ problem in controlling their 
tinnitus, then the question item is still necessary 
both in pra- and post-treatment evaluation. 
According to Cronbach, as quoted by Monzani, et 
al.11 since there was lack of low alpha coefficient 
score (0.907 - 0.913), which was correlated to the 
three scales when each question item has been 
deleted, then it is assumed that there is no altered 
reliability although the result of Cronbach-α in 
catastrophic scale is low due to lack number of 
question items. The evaluation result indicated 
that the reliability of adapted Indonesian version 
of the THI in our study is relatively high and could 
be applied in clinical examination or further 
otolaryngology study by both specialists and 
general physicians. 

In conclusion, the adapted Indonesian version of 
THI instrument is valid and reliable according to 
the transcultural validation principles by WHO 
as psychometric instrument on the quality of life 
in patients with tinnitus and adapted Indonesian 

version of THI instrument, which could be utilized 
as self-assessment of quality of life in patients with 
tinnitus. 
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Gastro-esophageal reflux disease among type-2 diabetes mellitus 
patients in a rural area

ABSTRAK

Latar belakang: Komplikasi diabetes melitus (DM) yang sering 
terabaikan adalah gastro-esophageal reflux disease (GERD), 
yang berkaitan dengan neuropati otonom dan gastropati 
diabetikum. Penelitian ini bertujuan mengetahui prevalensi 
GERD pada penderita DM melalui GERD-questionnaire (GERDQ), 
pengaruh diet, dan faktor-faktor lain yang berkaitan di daerah 
pedesaan.

Metode: Studi dilakukan menggunakan metode potong- 
lintang di Puskesmas Pelaihari pada Agustus-September 
2013. Pasien DM lama maupun baru berusia ≥18 tahun yang 
dipilih secara konsekutif dengan kriteria eksklusi: kehamilan, 
sedang dalam pengobatan dengan proton-pump inhibitor, 
dan memiliki penyakit metabolik. Diagnosis DM ditegakkan 
berdasarkan kriteria American Diabetes Association 
(ADA), adapun diagnosis GERD ditegakkan bila nilai GERDQ 
berbahasa Indonesia ≥ 8.

Hasil: Sebanyak 30 orang (29,7%) dari 101 pasien DM 
mengalami GERD. Faktor diet pada pasien GERD adalah 
konsumsi pedas (90%), makanan tinggi lemak (90%), minuman 
iritatif (87%), dan makanan iritatif (23%). Hanya jenis kelamin 
perempuan yang berkaitan dengan GERD jika dibandingkan 
antara pasien DM dengan GERD vs non-GERD (87% vs 68%, 
p = 0,048). Adapun lama DM, (2 [0-13] vs 2 [0-19], p = 0,976), 
obesitas (37% vs 38%, p = 0,897), usia (53,2 ± 10,5 vs 54,7 ± 9,3, p 
= 0,481), dan diabetes yang tidak terkontrol tidak berhubungan 
terhadap timbulnya GERD pada pasien DM. 

Kesimpulan: Prevalensi GERD pada DM dalam penelitian ini 
cukup tinggi dan pada kelompok perempuan diperlukan skrining 
sedini mungkin.

ABSTRACT

Background: One of the most neglected complications of 
diabetes mellitus (DM) is gastro-esophageal reflux disease 
(GERD) which arises from autonomic neuropathy and 
diabetic gastropathy related to the extent of DM. This study 
was done to find prevalence of GERD in DM patients with 
GERD-questionnaire (GERDQ), dietary factor proportion, 
and their association with other GERD risk factor in rural 
area. 

Methods: This cross sectional study was conducted in 
Puskesmas Pelaihari from August to September 2013. 
Subjects with DM aged ≥ 18 were selected consecutively from 
both newly and previously diagnosed patients with exclusion 
criteria: pregnancy, in proton-pump inhibitor therapy, and 
had other metabolic disease(s). DM was diagnosed with ADA 
criteria, while GERD was diagnosed in patients with score of 
≥ 8 of Indonesian GERDQ. 

Results: There were 30 subjects (29.7%) with GERD 
among 101 patients with DM and dietary factors found in 
GERD patients were spicy diet (90%), high-fat food (90%), 
irritative beverages (87%), and irritative diet (23%). Only 
female gender was associated with GERD vs non-GERD in 
DM patients (87% vs 68%, p = 0.048). Meanwhile, duration 
of DM (2 [0-13] vs 2 [0-19], p = 0.976), obesity (37% vs 
38%, p = 0.897), age (53.2±10.5 vs 54.7 ± 9.3, p = 0.481), 
and uncontrolled diabetes (90% vs 94%, p = 0.421) were not 
associated with the GERD among DM patients.

Conclusion: Prevalence of GERD in DM is somewhat high in 
this study. Female group with DM needs to be screened for 
GERD as early as possible.

Keywords: diabetes mellitus, gastro-esophageal reflux disease, GERD-questionnaire, rural area
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Diabetes mellitus (DM) is a chronic hyperglycemic 
state secondary to deficiency in insulin secretion 
and/or insulin activity.1 Being the fourth country 
with most diabetes, Indonesia had 8.4 million 
people with DM in 2000.2,3 

Gastro-esophageal reflux disease (GERD), known 
as one of many diabetes related complications,4 is 
a symptomatic gastrointestinal disorder caused 
by gastric acid reflux.5 In Indonesia, there was 
an increase in GERD prevalence from 6% in 
1997 to 26% in 20026 due to the drastic changes 
in community behaviour such as more drugs 
consumption, unhealthy diet, sedentary lifestyle, 
and smoking.7 

In daily practice, while GERD is often established 
as a non-severe case, it can be a serious disease 
with very high rate of medical and non-medical 
complications including Barrett’s esophagus, 
malignancy, socio economic burden, and declined 
quality of life.8 In the current standard, ambulatory 
esophageal pH monitoring remains unsatisfying as 
a gold standard so that the patients’ medical history 
with/without endoscopic examination still plays a 
major role in the diagnosis.9 GERD-questionnaire 
(GERDQ) includes reference questions comprised 
of typical and atypical symptoms of the disease 
for GERD-suspected patients and it is a simple 
diagnostic tool to be used in primary health care.10,11 

Closely related to the duration of DM, higher 
incidence of GERD in DM is attributable to 
autonomic neuropathy and diabetic gastropathy.4 

As the consequences, there are more frequent 
findings of impaired lower esophageal sphincter 
(LES) tone and gastric dysmotility in DM than 
non-DM population.4,12-15 Studies conducted in 
various countries have shown that GERD was a 
frequent complication in approximately 23-29% 
of DM patients and reached up to half of total 
diabetes cases in New Jersey, United States.15-20

Another complexity of DM in the case of GERD 
is that DM will give poor prognostic effect 
to the latter since: (1) DM will reduce the 
effectiveness of acid-suppression therapy, which 
is the mainstay therapy of GERD21 and; (2) DM 
increases the occurrence of Barrett’s esophagus 
and esophageal cancer.22

The presence of GERD in DM patients is often 
missed. For that reason, we aimed to find the 

prevalence of GERD by GERDQ in DM patients 
and some of its associated factors at Puskesmas 
(pusat kesehatan masyarakat, primary health care 
center) as the basis of comprehensive treatment 
of DM, especially in a rural area.

METHODS

This study used cross-sectional design and 
was conducted from August to October 2013 in 
Puskesmas Pelaihari of South Kalimantan. This 
primary health care centre covers approximately 
57,408 citizens of which 460 people (0.6-1.0%) 
have DM.2

All patients who had been newly or previously 
diagnosed with DM were included in this study 
using consecutive sampling. The inclusion 
criterion for this study was diabetic patients aged 
≥ 18 years who visited Puskesmas and/or its 
services. The exclusion criteria were pregnancy, 
in treatment of proton-pump inhibitor (PPI), 
and/or had other metabolic disorders such 
as hyperthyroidism. New DM patients were 
diagnosed using American Diabetes Association 
(ADA) criteria: fasting plasma glucose (FPG) ≥ 
126 mg/dL or random plasma glucose ≥ 200 mg/
dL in the conjunction of characteristic complaints 
such as polydipsia, polyphagia, polyuria, and 
weight loss without apparent cause; if there was 
no such complaint, then the aforementioned tests 
had to show at least two abnormal results before 
the diagnosis was established.1

Subjects who met all the criteria were asked to 
complete questionnaires that included subjects’ 
characteristics, GERDQ, and habits/lifestyle 
associated with GERD. Subjects who were not 
able to read/write filled the questionnaire by 
assisted questionnaire-filling method. Subjects’ 
characteristics were age, sex, DM duration, height/
weight, body mass index (BMI), blood pressure 
(systolic and diastolic), control of plasma glucose 
level, and diabetes drugs consumed. Plasma 
glucose level was assumed controlled when at the 
last examination FPG  ≥ 100 mg/dL or random 
plasma glucose ≥ 200 mg/dL.1 Risk factors 
asked in this study were obesity, female gender, 
smoking (Brinkman index), irritative foods, spicy 
foods, high-fatty foods, and irritative beverages 
intake per week, and other drugs taken. Obesity 
was classified according to Asia Pacific criteria,23 
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then we grouped obese I and II to obese and the 
other as non-obese.

GERD was diagnosed with validated GERDQ in 
Indonesian language.24 Each subject with GERDQ 
score ≥ 8,10 was assumed having GERD and 
subsequently was given information about the 
disease and empirical acid-suppression therapy 
and/or referred for endoscopic examination in 
larger health centers.25 Subject’s then-approval 
to undergo treatment/examination was not 
evaluated in this study.

All subjects were given informed consent in 
writings after being provided a description of 
the study to be conducted. This protocol was 
conducted in accordance with the principles in the 
Declaration of Helsinki and had been approved by 
the Head of Puskesmas Pelaihari. All data were 
kept confidential.

Tabulation and processing of data were made 
by SPSS Statistics for Windows version 13.0. 
For categoric variable, Chi-square was used and 
Fisher test was used as alternative. For numeric 
variable, T-test was used when the variable was 
normally distributed, and Mann-Whitney was 
used as alternative. 

Variables Total
n = 101

GERD
n = 30

non-GERD
n = 71

Age, mean (SD) years 54.2 (9.7) 53.2 (10.5) 54.7 (9.3)
BMI, mean (SD) kg/m2 24.07 (4.32) 23.96 (4.01) 24.12 (4.48)

≥ 25, n (%) 38 (38) 11 (37) 27 (38)
< 25, n (%) 63 (62) 19 (63) 44 (62)

Male gender, n (%) 27 (27) 4 (13) 23 (32)
Diabetes duration, median (range) years 2 (0-19) 2 (0-13) 2 (0-19)
Blood pressure (BP) mmHg

Systolic BP, median (range) 140 (90-220) 130 (90-220) 140 (100-210)
Diastolic BP, median (range) 80 (60-110) 80 (60-110) 90 (60-110)

Uncontrolled plasma glucose level, n (%) 94 (93) 27 (90) 67 (94)
Smoking, n (%) 19 (19) 6 (20) 13 (18)
Subjects using anti-diabetic agents, n (%)

No anti-diabetic 29 (29) 9 (30) 20 (28)
Glibenclamide 18 (18) 5 (17) 13 (18)
Metformin 11 (11) 2 (7) 9 (13)
Metformin + glibenclamide 41 (40) 13 (43) 28 (39)
Others (gliclazide, glimepiride, insulin) 2 (2) 1 (3) 1 (1)

Table 1. Subjects characteristics

RESULTS

From 101 patients, 30 (29.7%) had GERD. 
Female (74%) was more predominant than male 
and almost all of the subjects (93%) had poor 
control of their plasma glucose level. In addition, 
DM patients were found having obesity and 
hypertension with proportion of 38% and 43%, 
respectively. The characteristics of this study 
subjects were described in table 1. In this study we 
found that only female was associated with GERD 
in DM patients (p = 0.048). Meanwhile, duration 
of diabetes (p = 0.976), obesity (p = 0.897), age (p 
= 0.481), and uncontrolled diabetes (p = 0.421) 
were not significantly different in GERD and non-
GERD among DM patients. In DM patients who 
was smoking, the median (range) of Brinkman 
index was 13.5 (6-780) in GERD and 80 (1-1584) 
in non-GERD.

Table 1 showed that 71% of subjects were 
currently taking anti-hyperglycemic agents and 
more than half of them used metformin and 
glibenclamide as combination therapy. Subjects’ 
targeted plasma glucose level was not achieved 
optimally, though; FPG median was 156 (111-408) 
mg/dL and random plasma glucose mean was 270 
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± 91 mg/dL. Moreover, regardless of their anti-
diabetic medication, as many as 59 subjects (58%) 
consumed other drugs with anti-hypertensive on 
the top of the list, followed by antacids, statins, and 
non-steroidal anti-inflammatory drugs (NSAID). 

Table 2 showed that heartburn and epigastric 
pain were, in a mere glance, the most common 
GERD symptoms found. However, based on the 
intensity, heartburn and nausea were the most 
severe symptoms in 43% and 54% of subjects of 
whom had these complaints for  four until seven 
4-7 days/week.

The proportion of various dietary factors found 
in this study classified to GERD/non-GERD group 
might be observed in table 3. The consumption 
of high-fat food such as food rich in coconut milk 
and/or saturated fat, irritative beverages such as 
coffee/tea, and spicy food were the most common 
risk factors found in the study subjects; these 
diets were even consumed every day.

DISCUSSION

The prevalence of GERD among DM patients in 
this study (30%) was higher than that within the 
normal population in Indonesia (26%)6 and in 

Symptoms n
Heartburn 28
Regurgitation 26
Epigastric pain 28
Nausea 26
Nocturnal regurgitation 17
Drugs taken for relieving symptoms 19

Table 2. GERD symptoms in 30 patients with GERD from 101 
DM patients

other Eastern countries such as Japan (20%),25,26 
Taiwan (25%),27 and Turk (19.1%)28 all of which 
used questionnaire method as we did. This was 
relevant with others’ findings which showed GERD 
was more prevalent in DM patients than non-DM 
patients.4,13,14 Nonetheless, GERD in this study was 
less prevalent than GERD in DM patients in United 
States (40.8% in DM population vs 18.1-27.8% in 
its general population).15,29 It might be caused by 
higher mean BMI in that study (32 ± 7.2 kg/m2)15 
than the BMI in our study (24.07 ± 4.32 kg/m2), 
resulting in worse GERD symptoms attributable 
to the co-morbidity.13,20 

Still, prevalence of the disease in our study was 
higher than that of other similar questionnaire 
studies in Japan (23-29%)16,18 and Korea 
(23.1%).19 Our result even topped prevalence in 
Spain (28%) which also used ambulatory 24-hour 
esophageal pH-monitoring,17 so that its result 
should have been higher consequently due to 
inclusion of asymptomatic GERD in DM patients.

High GERD prevalence in this study may be caused 
by poor control of plasma glucose level (94%) 
and female predominance (73%). Symptomatic 
GERD is commonly found in poor glycemic control 
patients.13 In addition, many studies showed that 
while complicated GERD (with alarm signs) tends 
to be more common in men, uncomplicated GERD 
is predominantly affecting women, both within 
DM and non-DM population.18,28-33 This study also 
showed that female was associated with GERD in 
DM patients (p = 0.048). Moreover, the number 
of female was higher because hours of service 
in our primary health care coincided with daily 
work hours so there would be more non-working 
patients visiting, for example housewives, 

It was interesting that while longer duration of 
DM (8 vs 11 years) was closely related to the 
prevalence of GERD,13 but DM duration in this 
study was not associated with GERD (p = 0.976). 
It was caused by the relative short duration of 
diabetes with median of 2 years. In line with our 
practice experience where the study took place, 
this phenomenon might be due to subjects’ limited 
knowledge to the importance of routine medical 
checkups and glucose control so that their diabetes 
would: (1) diagnosed late so it would appear like 
a newly-diagnosed DM, which in reality was not, 
and/or; (2) rapidly progressed to an extent where 
neuropathy and gastropathy started to be found. 

Risk factors
GERD non-GERD

n (%) Frequency* n (%) Frequency*
High-fat food 27 (90) 5 (0-15) 66 (93) 4 (0-21)
Irritative beverage 26 (87) 4 (0-28) 63 (89) 7 (0-40)
Spicy food 27 (90) 7 (0-21) 60 (85) 7 (0-21)
Irritative diet 7 (23) 0 (0-7) 19 (27) 0 (0-14)

Table 3. Dietary factors in DM patients with GERD and non-
GERD

*median (range) servings per week
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Additionally, it should be pointed out that both of 
the age of the patients and control of blood glucose 
had no significance to the prevalence of GERD (p 
= 0.481 and 0.421), owing to the majority of the 
subjects was in middle-age (40-60 year old, mean 
54.2 y.o) and most of them (≥ 90% of both group) 
lacked proper glycemic control. 

Similar to non-DM population, the most 
frequent GERD symptoms found in this study 
were heartburn and epigastric pain. BIt was 
hypothesized due to: (1) increased secretion of 
H+ in the stomach secondary to hyperglycemia; 
(2) delayed esophagus and gastric emptying, 
and; (3) increased relaxation of the lower LES 
accompanied by its decreased tone. Although they 
were also experienced by normal population, a 
person with DM had much higher fault in the last 
two factors, making him/her more vulnerable 
to GERD typical symptoms.34,35 However, as 
the metabolic system worsened, there would 
have been deterioration of autonomic and 
peripheral nervous system (diabetic neuropathy) 
accompanied by disruption of esophageal 
and gastric peristalsis (diabetic gastropathy), 
resulting in atypical GERD symptoms.4,30,36 Hence, 
the most severe symptoms found in this study 
were epigastric pain and nausea.

This study had also found that most common risk 
factors routinely consumed by the subjects were 
high-fat diet, spicy food, and irritative beverages. 
The specific type of diet was in accordance with 
the typical Asian diet, i.e. rich in coconut milk, 
with lots of spices (especially that posed a strong 
flavor like spicy), high of saturated fatty acids, and 
usually accompanied by coffee/tea.37 In this study, 
the mentioned risk factors proportion between 
GERD/non-GERD group were found to have no 
difference. It was confirmed by several studies 
that had revealed only obesity and supine position 
after meal worsened GERD symptoms.38,39

Nevertheless, our study showed that obesity was 
not associated with GERD (p = 0.897). Beside the 
constraint in the total number of subjects, it might 
be because we did not assess all risk factors of 
GERD, and since GERD has multifactorial etiology 
a comorbid alone may not be an isolated cause.7

By proportion of 20% of smoking in GERD 
patients and 18% in non-GERD patients, there 
was no difference between smoking group. This 

result is consistent with another study claiming 
currently there had been no scientific evidence on 
the effect of cigarette/tobacco in progressivity of 
GERD.39

Among drugs taken by the subjects, majority 
of them were included in the class of anti-
hyperglycemic, anti-hypertensive, anti-
hyperlipidemic, and nonsteroidal anti-inflammatory 
drugs (NSAIDs). Those drugs, along with other so-
frequently taken agents, were listed by Yamamichi, 
et al.33 in their study about lifestyle plus medication 
factors on GERD symptoms described by frequency 
scale for the symptoms of GERD FSSG score. The 
study found that despite anti-hyperglycemic, 
anti-hypertensive, anti-hyperlipidemic, and 
NSAID influenced GERD symptoms, significant 
improvement was only obtained by (diabetic) 
patients taking anti-hyperglycemic; on the contrary, 
NSAIDs would worsen the symptoms.33

Based on the annual report of Puskesmas Pelaihari 
in 2012 (unpublished data), patients seeking 
medical help for upper gastrointestinal complaints 
reached 34% of total visits. However, in daily 
practices GERD was still a disease that had been 
neglected; most of GERD diagnoses were made 
after we had used GERDQ as the study proceeded. 
In DM patients who had atypical symptoms, it 
could be estimated that the morbidities coming 
from failure to find GERD would be much higher 
because they were diagnosed with other diseases.

Therefore, the making of early diagnosis and 
effective management of GERD in DM plays very 
important role due to contradictory clinical 
evidences and atypical, or even asymptomatic, 
clinical symptoms. Ideally, the diagnosis of 
GERD is carried out by: (1) clinical history of 
gastrointestinal system such as heartburn and 
regurgitation after excluding the involvement of 
cardiac origin; (2) symptoms improvement after 
empirical acid-suppression therapy for 4-6 weeks; 
(3) ambulatory esophageal pH-monitoring, and; 
(4) endoscopy.36,40

In rural areas, such ideal mentioned above is often 
difficult; there are limitations to health facilities, 
human resources, transportation methods, and 
other socioeconomic circumstances. Moreover, 
the referral system in such areas, none of which 
considering those circumstances, can only be 
carried out step by step from a smaller district 
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hospital to a larger provincial hospital. In addition, 
pH-monitoring also had its own limitation; 
GERD symptoms in DM patients often resulted 
from autonomic nervous dysfunction with no 
difference in 24-hour pH.41 For these reasons, in 
term of practicality, history-taking using GERDQ 
should be a primary diagnosis method in limited 
health facilities.10

This study certainly came with some limitations. 
First, many of the subjects were illiterate and/or 
did not comprehend the intent of the questions; 
as a result, there was a subjective bias in filling 
out the questionnaire with assisted questionnaire 
method. However, the use of GERDQ in this 
study was indeed effective and efficient because 
it was not lengthy but still described the most 
common symptoms of the patient. As with the 
other limitation, this study did not include all 
risk factors for GERD and did not analyze their 
association with GERD.

The advantages of this study were its originality; 
there has been no study in Indonesia which studied 
GERD in DM population, used questionnaire as a 
diagnostic tool, and was carried out in rural areas.
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Chronic myeloid leukemia with soft tissue infiltration : a case 
report

ABSTRAK

Seorang pasien laki-laki 27 tahun dengan leukemia mielositik 
kronik dengan pengobatan hidroksi urea yang tidak teratur, 
datang dengan keluhan benjolan di pangkal paha kiri disertai 
rasa nyeri tumpul. Pemeriksaan darah menunjukkan lekosit 
125.000/mm3 dengan 13% metamielosit, 8% mielosit, 1% 
promielosit dan 3% sel batang. Biopsi aspirasi jarum halus 
menunjukkan sebagian besar sel mieloblas dan sebagian kecil 
promielosit. Pengobatan diteruskan dengan hidroksi urea 2 g/
hari dalam dosis terbagi, disertai allopurinol, basa dan minum 
yang banyak. Gejala hilang pelan-pelan setelah 2 bulan, dan 
benjolan hilang setelah 3,5 bulan. Hitung lekosit menjadi 
38.400/mm3 dengan 1% promielosit dan mieloblas, dan 5% 
batang. Pembesaran hati berkurang tapi ukuran limpa tidak 
mengecil. Pengobatan diteruskan dengan hidroksiurea 2 g/hari, 
dan gejala tidak pernah muncul lagi sampai 9 bulan terakhir.

Keywords: chronic myeloid leukemia, extramedullary involvement, hydroxyurea, soft tissue infiltration
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ABSTRACT

A 27 year old male patient with chronic myeloid leukemia 
under irregular hydroxyurea treatment presented with a 
left thigh swelling associated with a dull aching pain. Blood 
examination revealed a total leukocyte count [TLC] of 
125,000/mm3 with 13% metamyelocytes, 8% myelocytes, 1% 
promyelocytes and 3% band cells. A fine needle aspiration 
biopsy of the swelling revealed mostly myeloblasts with 
occasional promyelocytes. He was maintained on tablet 
hydroxyurea 2g given in divided daily doses along with 
allopurinol, systemic alkaliser and plenty of oral fluids. 
Gradual symptomatic relief was achieved over next 2 months 
with no palpable lump after 3.5 months. TLC was 38,400/mm3 
with 1% promyelocytes and myeloblasts and 5% band form. 
There was reduction in the liver size during this period but no 
reduction in spleen size. He is currently being maintained on 
hydroxyurea 2g with other supportive care and has not had 
any recurrence of symptoms for the last 9 months.
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Chronic myeloid leukemia (CML) is a hematopoietic 
disorder characterised by excessive numbers 
of myeloid lineage cells that are fully mature. 
It’s incidence increases with age and has a 
male predominance.1 The only environmental 
factor implicated in the etiology of CML is 
ionizing radiation. It is characterized by myeloid 
hyperplasia of the bone marrow, extramedullary 
hematopoiesis, expansion of the total body 
granulocyte pool, elevation of the leukocyte count 
and a specific cytogenetic marker, the Philadelphia 
(Ph+) chromosome. Approximately 5% to 10% 
of patients with otherwise typical CML do not 
manifest the Ph+ chromosome.2 

The typical presentation is with a history of 
increasing fatigue, lassitude, weight loss, night 
sweats and splenomegaly. Less frequently 
chloroma, petechiae and bruising may be present.1 
The course of the disease has been typically 
divided into a chronic phase, an accelerated phase 
and a blastic phase or blast crisis. Most patients 
present with the chronic indolent or stable phase.3

Single-agent chemotherapy with busulfan or 
hydroxyurea had traditionally been the standard 
approach to the chronic phase of CML. The goal 
is to achieve symptomatic relief by lowering the 
white blood cell count and by reducing liver and 

spleen size.2  But with the advent of the hugely 
effective imatinib mesylate and other tyrosine 
kinase inhibitors, other therapeutic agents have 
taken a backseat. 

CASE ILLUSTRATION

A 27 year old male presented with a swelling of 
the left lower thigh for 20 days, associated with 
dull aching pain. He was a known case of chronic 
myeloid leukemia in chronic phase on hydroxyurea. 
At the time of initial presentation there was mild 
splenomegaly with no hepatomegaly but due to 
poor drug compliance, he had gradually increasing 
splenomegaly and hepatomegaly. Physical 
examination revealed moderate pallor with no 
sign of petechiae, bruising or sternal tenderness. 
On abdominal examination, spleen was found to 
be enlarged measuring 28 cm along the splenic 
axis. Liver was palpable about 3 cm below the 
costal swelling on the lateral aspect measuring 
17x12 cm which was mildly tender, diffuse and 
having restricted mobility. There was no local rise 
of temperature or skin changes.

Peripheral blood examination revealed a 
haemoglobin level of 8.4g%, total leukocyte count 
of 125,000/mm3 with 56% neutrophils, 5% 
basophils, 13% metamyelocytes, 8% myelocytes, 
1% promyelocytes and 3% band cells. Platelet 
count stood at 303,000/mm3.  Liver enzymes were 
not raised but there was mild hypoproteinemia 

Figure 1. Huge splenomegaly in the patient at the time of
presentation

Figure 2. MRI cross-sectional imaging of the lobulated mass 
on the left thigh
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(6.2g/dL) due to hypoalbuminemia (3.1g/dL). 
Renal function test showed BUN value of 12 mg/
dL and creatinine at 0.7 mg/dL. USG of the left 
thigh showed an intramuscular vascular lesion of 
mixed echogenicity centered in the vastus lateralis. 
MRI revealed cortical irregularity of the lower end 
of shaft of left femur suggestive of cortical erosion 
and marginal sclerosis. A 14x14 cm lobulated 
well defined fusiform mass was noted in the 
lateral aspect of the mid and lower thigh in the 
sub-muscular plane infiltrating the muscles of 
lateral compartment. Mild knee joint effusion was 
also noted. Fine needle aspiration biopsy (FNAB) 
revealed an infiltration of the muscle by large cells 
mostly myeloblasts and occasional promyelocytes. 

The patient was maintained on tablet 
hydroxyurea 2g per day in daily divided doses, 
the dose being reviewed every 4 weeks. Also 

allopurinol 300mg was prescribed per orally 
daily and he was advised to take 2-3 litres of oral 
fluids along with a systemic alkaliser. Packed cell 
transfusions were arranged and oral analgesics 
were given on S.O.S basis. He was kept on a 
weekly follow up.

Symptomatic relief was obtained along with 
gradual reduction in size of the soft tissue 
swelling. The swelling was reduced to half at 
the end of 2 months and was no longer clinically 
palpable at the end of 3.5 months. Peripheral 
blood examination showed improved 
haemoglobin of 11.4g%, a total leukocyte count 
of 38,400/mm3 with 1% of both promyelocytes 
and myeloblasts, 5% band forms and a 
platelet count of 307,000/mm3 at the end of 
two months. After 3.5 months investigations 
showed a haemoglobin of 8.5g%, total leukocyte 
count of 78,200/mm3, 5% myeloblasts, 7% 
promyelocytes, 3% myelocytes and 12% band 
forms with a platelet count of 286,000/mm3. 
However the splenomegaly did not respond to 
an appreciable extent. 

Figure 3. MRI showing a fusiform sub-muscular mass infil-
tration of chronic myeloid leukemia in the left thigh

Figure 4. Post-treatment MRI of the thigh showing only 
sclerosis of the bone with no residual mass

http://mji.ui.ac.id
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The patient is currently being maintained on 
hydroxyurea 2g p.o and with other supportive 
care and blood product transfusions. His last 
haematological examination showed haemoglobin 
of 9.0g%, total leukocyte count of 55,000/mm3 

with 2% myeloblasts, 1% promyelocytes, 10% 
myelocytes, 4% band forms and a platelet count 
of 260,000/mm3. There has been no recurrence 
of any other soft tissue swelling in any other part 
of the body at the end of nine months. 

DISCUSSION

CML is a disorder of the pleuripotent 
haematopoietic stem cells characterised by 
excessive number of cells of the erythroid, 
myeloid and megakaryocytic lineages which is 
almost always due to an acquired genetic defect- 
reciprocal translocation involving chromosomes 
9 and 22. Though it is seen in almost all age 
groups, its incidence increases with each decade 
of life making it a disease of adults.3

Extra-haematopoietic involvement is seen in 
conditions such as CML, MDS and AML.4 It is 
most commonly seen in AML when it is referred 
to as chloromas because of their typical green 
colour under the microscope owing to the 
enzyme myeloperoxidase.5 CML, which has 
sequential progression from the indolent chronic 
phase to the accelerated phase and finally to 
the blast crisis, does not usually demonstrate 
extramedullary infiltration (EMI) in the form of 
granulocytic sarcomas. Most frequently, these 
tumours present later in the natural history of 
the CML as the disease progresses.  A granulocytic 
sarcoma that develops with chronic phase CML 
confers a worse prognosis with a higher risk of 
rapid blastic marrow transformation.6

Extramedullary infiltration with myeloid 
cells in CML is an uncommon presentation 
that may precede or occur concurrently with 
acute or chronic myeloid leukemia. However 
in our reported case, there was evidence of 
extramedullary involvement during the stable 
chronic phase with the disease never going into 
the accelerated phase. 

The commonest sites involved with extra-
medullary disease are lymph nodes (10-61% of 
cases), followed by bone (around 33-37%) and 

soft tissues (30%). EMI in CML has been reported 
in body cavities, including pleura and peritoneum. 
Median survival is approximately 22 months, 
with worse outcomes more common in elderly 
patients.7 However in the reported case there 
was infiltration of a group of leg muscles which is 
quite an unusual presentation. At no point did the 
patient show any sign of infiltration of the usual 
sites. He did not have any history of trauma to the 
leg.  Also, as because EMI has usually shown to be 
a milestone in the progression of the disease, the 
fact that the case under study did not show any 
haematological sign of rapid progression of the 
disease was quite unexpected.

A low-dose radiation regimen of 24 Gy in 12 
fractions using conventional treatment can be 
applied to the majority of patients with excellent 
disease control and minimal morbidity.8 But the 
case reported did not need any such additional 
treatment modality. Gradual and definite 
resolution of the soft tissue swelling was observed 
over the course of time. There has been a reported 
case regarding EMI in CML presenting as a tumour 
like lesion at the end of the femur which thought 
to be a bone tumour retrospectively proved to be a 
manifestation of CML.9 Also case of compartment 
syndrome involving the thigh and buttocks in the 
paediatric age group associated with a myeloid 
malignancy CML has been reported which 
required emergency treatment.10 But such a case 
of EMI in CML which responded very well without 
involvement of any other treatment modality is 
quite uncommon. 
  
In conclusion, extra-medullary manifestations 
of myeloid leukemias in general are poor 
prognostic indicators but improved outcome 
can be associated with it if timely intervention 
with appropriate therapy is done. Granulocytic 
sarcomas or chloromas are radiosensitive and 
radiotherapy may be added with chemotherapy. 
This case was important in that not only there 
was no downhill course during the extra-
medullary phase but also no drastic intervention 
was required for relief of symptoms. Extra-
medullary manifestations may remain a 
treatable condition with better outcome of cases 
with an early intervention.  
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Can a pneumothorax break your heart?

ABSTRAK

Kardiomiopati Takotsubo atau apical balooning merupakan 
kondisi yang ditandai dengan disfungsi ventrikel kiri temporer, 
yang umumnya mengenai wanita usia pascamenopause 
setelah suatu stress emosi atau fisik. Kami melaporkan 
kasus seorang wanita usia 63 tahun yang datang dengan 
keluhan sesak napas berat disertai pneumotorak sekunder 
sisi kanan, yang pada awalnya di tatalaksana dengan slang 
torakostomi. Walaupun pneumotorak membaik, sesak napas 
tidak hilang. Pada pemeriksaan didapatkan elevasi segmen 
ST dan peningkatan troponin I. Pasien selanjutnya dirujuk 
untuk kateterisasi jantung, namun tidak ditemukan adanya 
stenosis koroner yang bermakna. Selanjutnya didiagnosis 
sebagai kardiomiopati Takotsubo. Gambaran EKG membaik 
dalam 3 hari. Selanjutnya dilakukan reseksi apeks dengan 
torakoskopi diikuti pleurektomi parietal parsial. Walaupun 
kardiomiopati Takotsubo merupakan kejadian yang jarang, 
hal ini selalu harus dipikirkan sebagai komplikasi potensial 
dari pneumotorak.

Keywords: apical ballooning, spontaneous pneumothorax, tako-tsubo cardiomyopathy, thoracoscopic, tube thoracostomy
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ABSTRACT

Takotsubo cardiomyopathy or apical ballooning is a condition 
characterized by transitory left ventricular dysfunction, 
affecting commonly postmenopausal females after foregoing 
acute emotional or physical stress. We report a case of a 63 
year old female presenting with severe dyspnea and right-
sided secondary spontaneous pneumothorax, initially treated 
with tube thoracostomy. Despite the fact that pneumothorax 
resolved, shortness of breath persisted and due to ST-
segment elevation and increased Troponin I levels, she was 
admitted to cardiac catheterization. A significant coronary 
stenosis was ruled out and the diagnosis of a Takotsubo 
cardiomyopathy was established. Electrocardiographic 
findings were normalized within three days and attributable 
to prolonged air leakage. A thoracoscopic apex resection 
followed by a partial parietal pleurectomy was performed. 
Although Takotsubo cardiomyopathy is a rare syndrome, 
it should always be considered as a potential cardiac 
complication of a pneumothorax.
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Pneumothorax is defined by the presence of air 
in the pleural cavity and can be spontaneous, 
traumatic or iatrogenic. Spontaneous 
pneumothorax (SP) can be classified as primary 
or secondary. The primary SP is common among 
young population especially thin, tall males 
without previous lung disease, whereas the 
secondary spontaneous pneumothorax is often 
in the elderly with underlying parenchymal lung 
disease such as chronic obstructive pulmonary 
disease (COPD), bullous emphysema, pulmonary 
tuberculosis and other pulmonary infections, 
cystic fibrosis, idiopathic pulmonary fibrosis, 
lymphangioleiomyomatosis, etc. Treatment of SP 
ranges from simple observation, needle aspiration, 
tube thoracostomy or chemical pleurodesis to 
video-assisted thoracoscopy or thoracotomy.1-4

Sato and Dote back in 1991 were the first to 
describe a rapidly resolving left ventricular 
dysfunction as Takotsubo cardiomyopathy. It is 
also called apical ballooning, broken heart or 
acute stress cardiomyopathy. It usually strikes 
postmenopausal females after acute endogenous 
(emotional) or exogenous stresses (trauma, 
surgery etc.) and mimicks the symptoms and 
electrocardiogram findings of an acute myocardial 
infarction. No significant coronary artery disease is 
detected in heart angiogram and causes an apical 
ballooning with compensatory basal hyperkinesis. 
Increased plasma catecholamine levels or changes 
in autonomic control of the cardiovascular system 
have been proposed as pathophysiological 
mechanisms.5-8 We report the unusual case of a 
Takotsubo cardiomyopathy complicating secondary 
spontaneous pneumothorax.

CASE ILLUSTRATION

A 63 year old cachectic female (body mass index 
of 18.8), heavy smoker with a past medical history 
of severe chronic obstructive pulmonary (gold 
stage III) and hypertension was referred to the 
emergency department of a neighboring town due 
to progressive dyspnea worsening the last week. 
At the night prior to admission she experienced 
intense shortness of breath accompanied by 
heavy agony. Chest pain or fever were denied. 

At time of admission she showed normal blood 
pressure, breathing rate and body temperature, 
rhythmic heart frequency of 116/min, and an 

oxygen saturation of 89,5% with 2L of oxygen. 
C-reactive protein concentration and serum 
Troponin I levels were elevated to 2.02 μg/L and 
24.2 mg/L, respectively. Patient electrocardiogram 
displayed a sinus tachycardia with a ST-segment 
elevation in leads V2 and V3. Chest radiograph 
revealed a right-sided large apical pneumothorax 
without mediastinal shift (figure 1). A small bore 
8 French thoracic catheter was inserted in the 6th 
intercostal space and attached to underwater seal.  
The chest X-Ray taken afterwards demonstrated 
the complete reexpansion of the right lung. The 
patient presented progressive subcutaneous 
emphysema so consequently the drain was placed 
on suction. Despite the fact that pneumothorax 
resolved, shortness of breath persisted and 
therefore urgent cardiac angiography was 
performed through a right femoral approach. This 
ruled out a significant coronary artery stenosis, 
while left ventriculography demonstrated the 
typical apical ballooning with a hypercontraction 
of the basal segments and an overall left ventricular 
ejection fraction of 41%. The diagnosis of a Tako-
tsubo cardiomyopathy was established and the 
patient was transferred to the intensive care 
unit. No specific treatment was made to maintain 
hemodynamics in the acute phase. ST-segment 
elevation disappeared on the third day and serum 
Troponin I levels decreased. 

After the accidental removal of the small 
thoracic catheter, a new one was required due to 
pneumothorax recurrence. This time a 20 French 
chest tube was preferred. 

The air leakage persisted and therefore the 
patient was transferred to our institution 
for further treatment. Hence, video assisted 

 

 Figure 1. Right apical secondary spontaneous pneumothorax
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thoracoscopic surgery through two ports under 
general anesthesia and single-lung ventilation 
was performed. At surgery, blebs and one bulla 
were indentified at the apex of the right lung and 
stapled wedge resection of the apex with partial 
pleurectomy to the level of the diaphragm was 
carried out (figure 2). Chest drain was removed 
on the third postoperative day with patient’s 
course being uneventful. 

Control echocardiography on the sixth 
postoperative day demonstrated a normal systolic 
and diastolic function of the left ventricle with an 
ejection fraction of 73.7%. Hospital discharge was 
scheduled on the twentieth day after intensive 
physiotherapy in a rehabilitation clinic, where an 
improvement in the six minutes walk test from 
171m to 352m was noticed.

DISCUSSION

SP remains a common pathology with an 
incidence between 18-28/100000 p.a. in males 
and 1.2-6/100000 p.a. in females. Secondary SP 
is often from the end of the fourth decade due 
to progressive intrathoracic pathology in high 
risk population such tobacco smokers or chronic 
obstructive pulmonary disease patients, resulting 
from a ruptured bleb or bulla into the visceral 
pleura.4,9 Cardiovascular diseases can also occur 
in the same high risk group.

On the other hand, Takotsubo cardiomyopathy 
is a relative new and rare syndrome with an 

 

 

 

 

Figure 2. Post-surgery X-ray

incidence of 0.1% - 2.3% among patients with 
acute myocardial infarction.5 Yokota was the first 
to describe a case of a Takotsubo cardiomyopathy 
complicating a pneumothorax. In 2002, Akashi, et 
al reported the second case.10

It presents a transient and reversible left 
ventricular contractile dysfunction with an acute 
beginning of symptoms mimickings those of a 
myocardial infarction.5,11 The name Takotsubo 
or apical ballooning derives from the distinctive 
morphology of the left ventricle  during the end-
systole  resembling an octopus fishing vessel with 
round bottom and narrow neck (the “takotsubo” 
in Japanese).5,10 Mayo Clinic suggested four 
criteria for the diagnosis of the Takotsubo 
cardiomyopathy, which all have to be met: 1) 
transitory hypokineses, akinesis, or dyskinesis of 
the left ventricular mid segments with or without 
apical involvement; 2) exclusion of an obstructive 
coronary artery disease or plaque rupture; 3) 
new pathology in electrocardiogram (ST-segment 
elevation or T wave inversion), and 4) exclusion 
of pheochromocytoma or myocarditis. Our 
patient fulfilled all of the four criteria mentioned 
above. She presented with elevated serum 
Troponin I levels and her electroctrocardiogram 
was pathologic with ST-segment elevation. At 
heart catheterisation, a significant coronary 
epicardial artery disease was excluded and the 
ventriculography revealed the typical apical 
ballooning. Further, she had no evidence of 
pheochromocytoma or myocarditis.

The pathophysiology of the syndrome remains 
till now unclear. There are several hypotheses 
involving a coronary artery vasospasm or 
a microvascular dysfunction or increased 
catecholamine levels. Exposure to stress 
(endogenous or exogenous) and elevated 
sympathetic activity can trigger the Takotsubo 
cardiomyopathy. Catecholamine oxidation can be 
toxic and results in calcium overload and direct 
damage of the myocardial cells.5 In patients 
with Takotsubo cardiomyopathy induced by 
stress, the plasma catecholamine levels are 
higher compared with patients with myocardial 
infarction.8 In the present case, our patient, on 
day before admission, she experienced terrifying 
agony after dyspnea exacerbation on the onset 
of the secondary spontaneous pneumothorax. 
We thought that this stressfull situation 
played a catalytic role in the development of 
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the cardiomyopathy. Furthermore, no signs 
of myocardial spasm were noted during heart 
catheterisation. 

In conclusion, we demonstrated the difficulties 
in the differential diagnosis of a Takotsubo 
cardiomyopathy complicating secondary SP. 
Population with chronic obstructive pulmonary 
disease or emphysema presents high risk in the 
development of a secondary SP or cardiovascular 
complications such as myocardial infarction. 
Nevertheless the probability of a Takotsubo 
cardiomyopathy remains minimal but still a 
challenging diagnosis. 
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The role of copeptin as a novel cardiovascular biomarker

ABSTRAK

Kopeptin adalah peptida ujung C dari provasopresin, 
prekursor arginin vasopresin (AVP), suatu hormon 
antidiuretik hipotalamus. Fungsi AVP diketahui sebagai 
pengatur kadar air, volume darah, dan homeostasis elektrolit, 
tapi fungsi fisiologis kopeptin sendiri belum diketahui. 
Kopeptin disekresikan bersama AVP dalam jumlah ekuimolar 
sebagai respons terhadap stimulasi pelepasan AVP, sehingga 
pelepasan kopeptin dapat mewakili pelepasan AVP. Kadar AVP, 
kopeptin, dan neuropeptida lain dalam sistem vasopresinergik 
meningkat pada kondisi stres akut suatu penyakit. Penggunaan 
klinis AVP memiliki kekurangan sehingga keandalannya 
kurang. Sebagai penanda biologis pengganti, kopeptin ideal 
dalam penilaian klinis karena lebih stabil, pemeriksaan 
praktis, dan hasil cepat tersedia. Contohnya, kombinasi 
kopeptin dan troponin jantung memungkinkan penyingkiran 
infark miokard akut (IMA), dan kombinasinya dengan brain-
type natriuretic peptide (BNP) atau prekursornya dapat 
memprediksi luaran buruk pada gagal jantung kronik (GJK). 
Pada syok kardiovaskular, konsentrasi kopeptin meningkat. 
Disimpulkan bahwa kopeptin merupakan penanda biologis 
penting pada deteksi dini IMA dan prediktor morbiditas dan 
mortalitas GJK.

ABSTRACT

Copeptin is a provasopressin-derived peptide, the precursor 
for arginine vasopressin (AVP), which is an antidiuretic 
hormone from the hypothalamus. Copeptin is secreted 
together with AVP equally as a response of AVP stimulation. 
While AVP’s main function is water and blood volume 
regulation and maintaining electrolyte homeostasis, 
copeptin’s function is still not fully understood. AVP, copeptin, 
and other vasopressinergic neuropeptides’ levels are 
elevated in acute stress caused by pathological conditions. 
Clinical use of AVP levels has many weaknesses. Copeptin 
can act as a replacement because of its molecular stability, 
easier testing methods, and faster results. For example, 
combination of copeptin and cardiac troponins can eliminate 
myocardial infarction (MI) diagnosis faster, while combined 
with brain-type natriuretic peptide (BNP) or its precursor 
can predict heart failure (HF) outcome. In cardiovascular 
shock, copeptin levels are elevated. As such, copeptin is a 
potential biomarker for MI diagnosis and predictor for HF 
mortality and morbidity.
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The introduction of biomarkers has brought 
improvement for both diagnostic and 
management of cardiac patients. Cardiac 
troponins, brain-type natriuretic peptide (BNP), 
and its precursor, N-terminal BNP (NT-proBNP), 
are important in evaluating, diagnosing, and 
stratifying the risk of acute coronary syndrome 
(ACS) and heart failure (HF) patients.1 Both BNP 
and NT-proBNP’s are influenced by age, which 
considered as one of their weakness. In addition 
BNP has great time-variability in HF patients. 
Luckily, novel biomarkers like procalcitonin and 
copeptin have been discovered to complement 
their predecessors.1-3 

Copeptin at first was thought to be a 
novel neuroendocrine hormone in the 
vasopressinergic system. Copeptin, a precursor 
for arginine vasopressin (AVP), is a glycopeptide 
that belongs to the class of provasopressin. 
Since AVP is unstable and unfit to be used as a 
biomarker, copeptin instead used in the place 
of AVP. Copeptin is secreted from pituitary 
gland together with AVP after hemodynamic 
and osmotic stimuli.1-5 Copeptin levels can be 
easily calculated in an hour, perfect for both HF 
and emergency setting. There is also proof that 
copeptin is possibly useful as a diagnostic and 
prognostic biomarker in various cardiovascular 
diseases. It has been studied and proven for 
years that copeptin is a prognostic biomarker 
for myocardial infarction (MI), HF, and acute 
decompensated HF.1-3,5 This review article 
focuses on the profile and role of copeptin as a 
novel cardiovascular biomarker.

Structure, synthesis, secretion and function 
Copeptin is a 39-amino acid, glycosylated 
peptide, and the C-terminal part of 
provasopressin. It has molecular weight of 
5000 dalton.4,6,8 Copeptin, along with AVP 
and neurophysin-II (NP-II), is derived from 
pre-provasopressin, which is encoded from 
chromosome 20p13. It is encoded from the third 
exon alongside the latter part of NP-II, while the 
first two exons are encoded into AVP and NP-
II. AVP, an antidiuretic hormone, is a peptide 
produced in the hypothalamus and functions 
as water conservation signal for the kidney, 
also as osmotic and homeostatic regulator of 
the cardiovascular system. Meanwhile, NP-
II is thought to be associated with AVP in its 
maturation and transportation.6,8

Synthesis of AVP, NP-II, and copeptin from its 
precursor occurs along the axonal pathway in 
the paraventricular and supraoptical nucleus, 
after which all three will be transported to the 
posterior pituitary and stored inside vesicles. 
AVP is also synthesized in parvocellular neurons 
in hypothalamus, and stored in the median 
eminence, ready to be secreted when there is 
stimulus.4 Copeptin is also secreted equally 
alongside AVP in response to the stimulus, in 
essence reflecting the amount of AVP secreted 
and correlates with plasma osmolarity.4,6-7,9-10

As a vasoactive pituitary hormone, AVP functions 
as regulator for water, blood, and electrolytes 
homeostasis after hyperosmolar state. AVP 
couples with 3 receptors, AV1a, AV1b, and AV2, 
with AV1a serving as the main, most expressed 
receptor.4,11 AV1a is expressed in, among others, 
endothelial smooth muscle, adrenal gland, 
myometrium, urinary tract, adipocytes, and 
the nervous system. Coupling of this receptor 
with AVP causes arterioles vasoconstriction, 
platelet aggregation, positive inotropic action, 
steroid hormones synthesis, gluconeogenesis, 
cardiomyocyte, smooth muscle myocyte and 
hepatocyte proliferation, and also central 
regulation of the (blood pressures, heart rates, 
body temperatures) and emotional signs.4,11 
In the other hand, AV1b receptors stimulate 
adrenocorticotropic hormone (ACTH), and AV2 
receptors that increases water permeability 
collecting ducts of the kidney, causing water 
reabsorptions. AV2 receptors can also be found 
in endothelial cells, and it plays a role in blood 
clotting.4,11

AVP is a major part in hypothalamic-pituitary-
adrenal (HPA) axis, and any stimulus activating 
the axis will end in AVP release, along with 
corticotropin-releasing hormone (CRH). The two 
hormones will, in turn, activate the corticotrophic 
cells in anterior pituitary and trigger the release 
of ACTH. The end result is the release of cortisol 
from the adrenal glands.4,12 AVP and CRH also 
regulate autonomic limbic response to stress 
condition, both acute and chronic, such as in 
obesity and diabetes mellitus.4

Meanwhile, copeptin’s function is still not fully 
understood. Recent hypothesis suggests that 
copeptin acts in provasopressin processing, 
specifically on the proteolytical maturation, 
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correct folding, and structural stabilization of 
provasopressin.4,6,7 Those processes are thought 
be stimulated by interaction of copeptin and 
calnexin-calreticulin system. This hypothesis 
was found to be significant in the pathogenesis of 
diabetes type I, where the lack of copeptin causes 
defective provasopressin folding.4

Copeptin levels as a biomarker and comparison 
to other biomarker
As mentioned before, because of its equal 
secretion rate, copeptin levels reflect the AVP 
levels in the aforementioned AVP-CRH system.
Several other studies have proven that copeptin 
levels are increased in acute phase of a disease. 
For example, Katan, et al12 concluded that there 
is a positive correlation between plasma copeptin 
levels and individual stress degree including 
insulin resistance, diabetes, obesity, metabolic 
syndrome, and diabetic nephropathy.4,13 Copeptin 
levels also increase in critical conditions like 
sepsis, hemorrhagic shock, and stroke, insulin-
induced hypoglycemia in diabetes type 1 patients, 
and in pituitary adenoma after trans-sphenoidal 
surgery. In the cardiovascular system, serum 
copeptin levels immediately increase after an 
acute episode of myocardial infarction (MI). No 
significant change in copeptin levels has been 
suggested as a negative predictor for MI especially 
in atypical chest pain patients. In conclusion, 
copeptin has potential as a biomarker for stress 
conditions.4,13,14

Copeptin also have a positive correlation with 
diseases’ severity and prognosis, where it can 
predict the outcome of a patient. The accuracy of 
this has been studied in several conditions, such 
as sepsis, pneumonia, lower respiratory tract 
infections, stroke, and other acute conditions with 
positive results. Copeptin provides additional 
prognostic information to clinical outcomes, and 
can support clinical judgement. Thus, copeptin is 
deemed to be potentially useful as a diagnostic 
and prognostic tool in acute conditions.4,12

Copeptin has advantages over other biomarkers. 
Compared to AVP, copeptin is superior. AVP has 
several weaknesses as a biomarker. AVP has a 
very short half-life (5-15 minutes), with very high 
affinity to thrombocytes (more than 90%). AVP’s 
very small size also makes the test hard to validate. 
AVP is also unstable in vitro, even in -20°C because 
of its quick biodegradation. Another weakness is 

that AVP analysis takes a long time (12-24 hours), 
with complex procedures and meticulous sample 
management, which makes it impractical.4 In the 
other hand, copeptin is stable both in vivo and in 
vitro, residing in blood plasma and serum for 7-10 
days in room temperature, and up until 14 days in 
4°C. Sample extraction and management is also 
easier in copeptin, and it also applies to its test 
procedures. Minimal amount of blood is required 
for the test (50 µL), unlike AVP (1 mL). Lastly, 
copeptin levels are available faster for analysis 
(1-5.5 hours from extraction). 4

Currently, cardiac troponins I and T are the 
standards for MI diagnosis in clinical laboratories. 
Both biomarkers are specific in myocardial tissue 
alongside good sensitivity for diagnosing and 
stratifying the risk of MI and acute coronary 
syndrome (ACS) patients. The main drawback of 
troponins is its delayed accumulation in plasma, 
resulting in a negative result in some early 
examination. Consequently, it will need serial 
sample extraction and testing to determine MI 
diagnosis. Also, even though it has good sensitivity, 
troponin does not have good specificity.15 Because 
of that drawback, examination of high-sensitivity 
troponins needs to be coupled with copeptin. 
Several studies has combined those biomarkers 
with promising results, where with an additional 
copeptin cut-off levels, MI diagnosis specificity 
is higher compared to high-sensitivity troponin 
alone, with comparably good sensitivity.15

Although MI prognosis has improved with time, 
HF still causes high rates of cardiovascular 
morbidity and mortality, especially after MI. 
Clinical symptoms alone could not accurately 
predict which patient has a risk of post-MI 
complications. As such, biomarkers have been 
used as a tool to predict the outcome of these 
patients. BNP and NT-proBNP (more stable 
compared to BNP) are biomarkers with promising 
results in this aspect, especially in patients with 
ACS history.15 Recent studies have shown that 
copeptin can also predict negative outcomes 
in HF patients, especially among those with 
elevated NT-proBNP. In unstable HF patients, 
copeptin can also accurately predict mortality. 
Copeptin is also elevated in deceased acute MI 
patients compared to surviving ones. This is 
why copeptin is considered as a significant and 
independent predictor for mortality or negative 
outcomes.15
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Copeptin as a myocardial infarction biomarker
In acute MI cases, especially in ST-segment 
elevation MI (STEMI), it is important to 
applies pharmacological reperfusion therapy 
administration as soon as possible, either by 
percutaneous coronary intervention (PCI) or 
fibrinolytic medications, to reduce morbidity 
and mortality rates.4,16,17 Patients with non-ST-
segment elevation MI (NSTEMI) or unstable 
angina pectoris (UAP) are also in indication for 
early catheterization, in addition to an intensive 
antiplatelet therapy. Revascularization of 
unstable coronary lesion is important to prevent 
future ischemic complications.18   

In MI cases, cardiac troponins levels, alongside 
electrocardiography (ECG) findings, are a key 
element and gold standard for diagnosing MI in 
emergency care. Cardiac troponins are myocardial 
structural proteins and its appearance in plasma 
signals myocardial necrosis. Unfortunately, 
troponins cannot differentiate between ischemic 
and non-ischemic causes of necrosis.4,19-21 
Troponins also have a delayed increase in 
plasma concentration (6-9 hours from onset of 
symptoms), which is why its sensitivity are low 
in the early phase of MI.4,22,23 Thus, biomarkers 
that are not dependent on myocardial necrosis, 
such as copeptin, can provide more information 
on whether there is myocardial ischemia, plaque 
rupture, or other early MI symptoms to help an 
early diagnosis.4,23

Several studies have been conducted on the 
usefulness of copeptin as a cardiac biomarker. 
Reichlin, et al24 conducted a cohort study in 
emergency patients with symptoms suggesting 
acute MI with onset ≤ 12 hours, where copeptin 
and other biomarkers (cardiac troponin-T 
(cTnT), creatine kinase myocardial band (CKMB), 
myoglobin) are serially evaluated in 3, 6, and 
9 hours.24 The result was that copeptin levels 
were significantly higher in MI patients. When 
compared to cTnT, copeptin levels were elevated 
earlier after onset (as soon as 4 hours after onset 
of symptoms).24 Copeptin, with a cutoff level of 
14.0 pmol/L, combined with other biomarkers, 
especially cTnT, had a high rate of sensitivity 
(98.8%) with good specificity (77.1%) when 
compared with cTnT alone or with combination 
of other biomarkers without copeptin. It can be 
concluded that copeptin is a viable additional 
biomarker to diagnose acute MI in early 

presentation without the need for a serial cTnT 
testing.24

Keller, et al.23 conducted a similar study in 
patients admitted to emergency with acute chest 
pain complaint, where copeptin, cTnT, CKMB, and 
myoglobin levels were analyzed at admission, 
three hours, and six hours after. It was found that 
while plasma concentration of cTnT increase over 
time, copeptin levels decrease over the same time, 
with plasma copeptin in MI patients being five 
times higher than those with non-cardiac chest 
pain or unstable angina in the first three hours of 
onset and declined subsequently. It was concluded 
that copeptin and cTnT combination had the 
best accuracy compared to other biomarkers to 
diagnose MI in the early hours afer onset.23

Another study by Ray, et al25 in patients with ACS 
history ≤ 6 hours of onset and no ECG or cardiac 
troponins (cTn) findings on admission examined 
copeptin levels once on admission and cTnT levels 
after 3, 6, and 9 hours. The results showed that 
mean copeptin levels were significantly higher in 
MI patients compared to non-ischemic patients, 
with no difference between STEMI and NSTEMI 
patients. Concurrent with the other studies, 
copeptin combined with cTnT had the best 
accuracy in predicting MI. With a copeptin cutoff 
level of 10.7 pmol/L, the negative predictive value 
(NPV) was 98%.25

Potocki, et al26 further strengthen the 
aforementioned studies in their study. In their 
study, ACS patients with symptoms of acute 
MI were examined of their copeptin, cTnT, or 
high-sensitivity cTnT (hs-cTnT) to evaluate its 
diagnostic and prognostic value. MI patients with 
prior ACS history can possibly have chronically 
elevated cTn levels, alongside with permanent 
ECG changes. Copeptin levels were significantly 
higher in MI patients compare to non-MI patients, 
with higher accuracy when combined with cTnT or 
hs-cTnT, with NPV of 99.5%. From the prognostic 
side, copeptin was found to be an independent 
factor for 1-year mortality. They concluded that in 
patients with ACS history, copeptin significantly 
enhances the diagnostic accuracy combined with 
cTnT, and it can act as an independent prognostic 
predictor for survival.26 

A study by Chenevier-Gobeaux, et al27 compared 
cardiac troponin I (cTnI) with copeptin in early 
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MI diagnosis in patients with MI symptoms, 
where cTnI and copeptin levels were compared 
at admission, after three hours, and after nine 
hours. Plasma copeptin levels were found to be 
significantly higher in MI patients compared 
to other group of biomarkers. Combined with 
cTnI, copeptin had a very high sensitivity and 
NPV. It was concluded that copeptin combined 
with cTnI can provide faster and more reliable 
diagnosis of MI.27

Lastly, a study from Folli, et al supports the 
superiority of Copeptins.28 The study included 
patients who were admitted to emergency room 
with chest pain less than eight hours of onset, 
to whom dual biomarker examination of cTnT 
and copeptin were done. The result was that the 
combined examination provides a high accuracy 
to detect MI. The examination was more accurate 
in STEMI rather than NSTEMI.28

As described in above studies, copeptin and 
concurrently AVP significantly increases after 
acute MI. Unfortunately, the exact mechanism 
underlying these changes are not yet well 
understood. Several hypothesis have been 
proposed to explain this phenomenon, including 
the theory that AVP acts as an early stress 
response to life-threatening situations such as 
acute MI. In this response, AVP synergistically 
works with ACTH and cortisol as acute 
stress moderator. Another hypothesis is the 
hemodynamic hypothesis, where acute changes in 
cardiac dynamics, including underfilling, and the 
stimulation of cardiac baroreceptors after tissue 
injury resulted in AVP and copeptin release.4

Copeptin as a heart failure biomarker
In patients with heart failure and systolic 
dysfuction, individual prognosis can be hard 
to predict because of the varying clinical 
progression. The secretion of AVP in the 
pathogenesis of HF, and subsequently copeptin, 
has been evaluated in the condition. It was found 
by Uresky, et al. that plasma AVP concentration 
was elevated in chronic HF patients compared 
to non-chronic HF. In HF, AVP contributed to the 
progression of left ventricular (LV) dysfunction 
by stimulating ventricular hypertrophy and 
myocardial remodeling. Ebert, et al32 also 
found that AVP has a big role in cardiovascular 
function and peripheral resistance mediated by 
cardiopulmonary baroreflex.5,29-32

Copeptin as a HF biomarker has recently been 
studied by several studies.5,31 In one study, Khan, 
et al8 analyzed the copeptin and NT-proBNP levels 
in post-MI patients to evaluate its prognostic 
value. Copeptin levels, alone or in combination 
with NT-proBNP, were found to be significantly 
higher in rehospitalized and deceased HF 
patients compared to surviving ones. Copeptin 
and NT-proBNP levels were also deemed as an 
independent predictors for 60-days HF mortality 
rate. These two biomarkers can help predict the 
prognosis of the patients, stratify their risk level, 
and evaluate the disease progression.5,33

Another study by Neuhold, et al31 evaluated 
long-term predictive values of copeptin in all 
HF patients and compared it to BNP and NT-
proBNP.5,31 The study concluded that BNP, 
copeptin, and glomerular filtration rate (GFR) have 
an association with New York Heart Association 
(NYHA) functional class, a strong predictor for 
24-months outcome of HF. Copeptin plasma 
levels also had a strong association with all-cause 
mortality, regardless of clinical signs and other 
predictors. Copeptin was then concluded to be 
superior to BNP and NT-proBNP as a predictor.5,31 
Similar results were found by Alehagen, et al where 
they evaluated, among others, concentrations of 
copeptin combined with NT-proBNP in predicting 
all-cause and cardiovascular mortality in geriatric 
patients with HF symptoms.34 The study revealed 
that elevation in copeptin concentration, alone or 
combined with NT-proBNP, was related with both 
all-cause and cardiovascular mortality.34 Balling, 
et al35 also supported the evidence, where in HF 
patients with LV systolic dysfunction, copeptin 
was an independent predictor for hospitalization 
and mortality in those patients.

A different study by Marques, et al. analyzed the 
two year prognosis of symptomatic HF patients 
with varying degrees of systolic dysfunction.
The study observed whether HF biomarkers, 
alongside clinical and echocardiographic results, 
can give additional prognostic information not 
provided by ejection fraction (EF) alone.29 The 
results showed that copeptin was independently 
related with 2-year mortality outcome.29 Khan, 
et al8 also reported similar association between 
copeptin and LV dysfunction in early, post-acute 
MI stage and the association was remained 
during follow-up. Furthermore, copeptin was also 
associated with ventricle remodeling severity 
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after acute MI. This shows that AVP system could 
have progressive effects on LV dysfunction beyond 
the acute process of MI. AVP can cause cardiac 
remodeling, increase peripheral resistance and 
afterload ventricle stress, and cardiac fibroblast 
stimulation, the last one mentioned being the 
main target of AVP. Fan, et al36 concluded in their 
study that myocardial fibrosis is possibly a result 
from contrasting balance effect between AVP and 
nitric oxide (NO).

Beside its relations with LV dysfunction, copeptin 
can also predict other negative outcome in 
potential HF, for example in post-MI patients. 
The OPTIMAAL (Optimal Trial in Myocardial 
Infarction With the Angiotensin-II Antagonist 
Losartan) study by Voors, et al2 analyzed these 
in a subset of their patients. They found that in 
post-MI patients with HF, copeptin levels were 
a strong biomarker for morbidity and mortality, 
even stronger than BNP and NT-proBNP. They 
also proved that serial copeptin examination 
had a better predictive value than one-time 
examination on admission.5,37

Another study by Tentzeris, et al37 analyzed 
copeptin in conjunction with hs-cTnT levels 
in stable, high-risk HF patients. The patients 
were then followed to evaluate mortality and 
hospitalization caused by HF. Both copeptin and 
hs-cTnT independently predicts negative clinical 
outcomes. There was a stronger association 
when both copeptin and hs-cTnT were combined 
in predicting negative outcomes.37 Evidence 
provided supported above proves the capability 
of copeptin as a predictor for morbidity and 
mortality in HF.38

Copeptin as a cardiovascular shock biomarker 
In patients with shock, including cardiovascular, 
hemorrhagic, and septic shock, there is an 
increase of plasma AVP levels. This phenomenon 
was observed by Lindner, et al40 in post-
successful resuscitation patients after shock.
AVP concentration, among other hormones, was 
increased compared to those with unsuccessful 
resuscitation. It was hypothesized that in those 
unsuccessful patients, the lower hormone levels 
might indicate neuroendocrine dysfunction 
response.5,39-41 This study was further analyzed 
by Krismer, et al41 to analyze the impact of AVP 
in cardiopulmonary resuscitation. The latter 
concluded that AVP administration was more 

effective than epinephrine in asystole patients. 
AVP followed by epinephrine administration was 
also more effective compared to epinephrine 
alone in recurrent cardiac arrest.39,41 

Hemorrhagic shock’s effect on copeptin was 
studied by Morgenthaler, et al where they found 
an increase in copeptin plasma concentration 
in hemorrhagic shock-induced experimental 
monkeys.5,39 They observed the same 
phenomenon in humans with shock conditions. 
Copeptin levels drastically increased in 2 hours 
post-onset and reached its peak in the third hour. 
After reperfusion, copeptin levels decreased after 
an hour and steadily declined until reaching a 
plateau. In critical state, copeptin levels were 
even reach a higher level.5,39 After eliminating 
other factors, copeptin levels were proven to 
be an independent and significant predictor for 
mortality in shock. Additionally, in deceased 
patients copeptin levels were higher than those 
surivived. Also, the severity of shock has an 
association with higher levels of copeptin, where 
it was found that in a severe sepsis, the level of 
copeptin was also increased.39 

Prior studies also found that AVP is increased 
in hemorrhage, which causes a decrease in 
arterial pressure. A study by Arnauld, et al42 
in experimental monkeys analyzed the effect 
of hemorrhage on AVP secretion by taking 
different amounts of blood from the monkey and 
subsequently examining its blood pressure. AVP 
was secreted if there is a drop in blood pressure, 
and thus it was concluded that blood pressure 
decrease will lead to AVP release. As copeptin 
are released together with AVP, it was concluded 
that concentration of copeptin will follow AVP 
concentration in the plasma.5,42

In conclusion, copeptin, a C-terminal peptide 
derived from provasopressin, can indicate AVP 
levels in the body. AVP functions as awater 
and blood volume regulator and electrolytes’ 
homeostasis, whereas copeptin’s function is 
still not fully understood. The levels of AVP, 
copeptin and other neuropeptides in the 
vasopressinergic system increase in acute 
stress conditions.

Because of limitations in AVP, copeptin is thought 
and proven to be an alternative biomarker to 
AVP because of its superiority compared to AVP. 
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Copeptin alone or combined with other biomarker 
has been shown to be superior as biomarker in 
clinical settings. Copeptin can diagnose acute MI 
earlier when combined with cardiac troponins or 
predicts negative outcome in HF patients when 
combined with BNP or NT-proBNP. In shock 
conditions, there is also studies that showed an 
increase in copeptin levels. Thus, copeptin is 
an important biomarker in MI early detection 
and is a significant predictor for morbidity and 
mortality in HF. 
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