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In summer 1996, exactly 20 years ago medical 
doctors from Germany and Indonesia gathered 
to cooperate and strengthen the exchange of 
medical knowledge for the sake of either country. 
There was an essential historical background: 
after independence Indonesia’s first President 
had called about 500 German medical doctors 
and pharmacists to his country to help building 
up basic medical supply and the public health 
system. Moreover, through the breakup of the 
relationship with the former colonial Netherlands 
ten thousands of Indonesian students of the 
first postwar generation registered at German 
universities among them later reformer President 
Habibie, who set the democratic fundaments in 
Indonesia in 1998/1999. In his time, Prof. Habibie 
was amongst the largest group of Indonesian 
students in Germany, the engineers followed by 
medical students, in the second place. In other 
words, there was a good background of medical 
contacts existing in either direction which needed 
stimulation. 

The latter came from the then German 
Ambassador in Jakarta, Dr. jJur. Heinrich Seemann1 
and resulted in the foundation of the German-
Indonesian Medical Association (DIGM) by five 
German and two Indonesian physicians on June 
21, 1996. Founding President was Prof. Dr. Hans-
Dieter Bundschu, Bad Mergentheim. Among the 
members of “Alumni Jerman“, an association of 
Indonesian graduates from German universities 
was the first President of the Indonesian Section, 
Dr. H.A. Napitupulu. 

We should not forget that Germans had been well 
known in Indonesia for centuries and German 
language still was a subject at Indonesian schools 
in the last century. Thousands of Germans 
had headed to former “Netherlands Indie” as 
adventurers, merchants, missionaries, engineers, 
scientists, painters, and last but not least, 

physicians and pharmacists. The latter group 
of health professions was always needed and 
brought many famous researchers and explorers 
into the formerly unknown tropical country: 
Georg Rumphius (1627–1702), indeed the first 
modern scientist in the country and Franz Wilhelm 
Junghuhn (1809–1863), whom the Encyclopedia 
Britannica called “Humboldt of Java”. Caspar 
Georg Karl Reinwardt (1773–1854), who founded 
one of the World’s most famous botanical gardens, 
and last but not least, Adolf Bastian (1826–1905), 
the founder of the Ethnological Museums in 
Berlin. His scientific writings about the country 
propagated successfully the name “Indonesia”, 
which is composed of “Indo” and the Greek word 
for “island”, νήσος (nisos), which appears related 
to the Indonesian word “nusa”.2

In the 21st century, it is the aim of DIGM to merge 
and revive old and new relationships in the medical 
field strengthening the cooperation of nowadays 
two modern countries. Natural connections for 
such initiatives are already existing personal 
contacts. DIGM intends to gain German University 
Teaching Hospitals to provide as many work 
places as possible for young visiting Indonesian 
physicians and to invite them to Germany for 
their formal and informal professional training, 
specialization, and upgrading. In the opposite 
direction, DIGM wants to convince young German 
medical professionals that it is a satisfying task 
to work for a while in an Indonesian hospital in 
order to learn about different medical and public 
health systems and to gain experience especially 
in the intervention of transmitted diseases in 
tropical countries.

Starting from 1997, DIGM has regularly 
initiated workshops, seminars and congresses 
mainly in Jakarta or in its vicinity covering 
topics of Traumatology, the Future of Medicine, 
Neurosurgery, Pediatrics, Cardiovascular Diseases, 
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Geriatrics, and Biogenetics. Furthermore, there 
are regular contacts between several German 
Hospitals and their corresponding institutions 
in Indonesia. The promising exchange of visiting 
physicians involved mainly university teaching 
hospitals in Bad Oeynhausen, Muenster, Munich-
Bogenhausen, Kiel, Frankfurt am Main, and Bad 
Mergentheim. Unfortunately, there were also 
years of disappointment; the establishment of 
a Biomedical Institute or a German Hospital 
in Indonesia did not succeed, in spite of 
tremendous national and international efforts 
and the signature of MOUs, e.g., the intended 
permanent cooperation with RSPP in Jakarta 
or with Zainoel Abidin Hospital in Banda Aceh, 
which was re-established after the tsunami 
with financial support from Germany. Mutual 
acknowledgement of visiting physicians was 
impeded by increasing bureaucratic hurdles 
for adaptation and by the lack of recognition of 
diplomas and qualifications, and by restrictions 
of work permits.

From 2008 to 2014, DIGM was successfully 
reactivated and restructured by its President 
and the executive board both in Germany and 
Indonesia with a total of now more than 300 
members, most of them in Indonesia. During 
last years, annual meetings of the DIGM board 

members were mostly combined with scientific 
seminars, alternately organized in Indonesia 
and Germany, often under the auspices of the 
respective ambassadors. The original DIGM 
Scientific Journal could be merged with the 
Medical Journal of Indonesia, which is now the 
official publication medium, continuously. 

We hope that DIGM’s current executive board 
under its President Prof. Dr. J. Haier will bring 
new orientations and further stabilization by 
facilitating communication, introducing online 
newsletters, webinars, and internet meetings for 
the future sake of the association. On the occasion 
of the association’s 20-year jubilee its successful 
route should be consequently continued aiming 
to reduce bureaucratic hurdles, to establish new 
stable networks and to motivate enthusiastically 
old and new members - Best wishes for success 
and good luck to the German-Indonesian Medical 
Association.
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ABSTRAK

Latar belakang: Luaran perdarahan intraserebral spontan 
supratentorial (PISS) masih buruk. Respons inflamasi sekunder 
akibat cedera otak dan prosedur bedah diyakini sebagai 
penyebabnya. Penelitian ini bertujuan untuk mengetahui 
aktivitas antiinflamasi tigesiklin dengan menghitung kadar 
TNF-α, dan efek neuroproteksi yang dicerminkan oleh angka 
kematian di rumah sakit.

Metode: Pasien dengan PISS yang akan dilakukan evakuasi 
hematoma, dirandomisasi untuk jenis antibiotik profilaksis 
tigesiklin (n=35) atau fosfomisin (n=37). Pada semua subjek 
diukur kadar TNF-α sebelum pembedahan serta hari ke-1 
dan ke-7 pascabedah. Pada hari ke-7 dilakukan pemeriksaan 
CT Scan ulang. Skor Glasgow outcome scale (GOS) dan lama 
rawat dicatat pada saat keluar rumah sakit. Data dianalisis 
dengan uji Mann-Whitney atau uji kai kuadrat. Efektivitas 
klinis relatif dinilai dengan menghitung number needed to 
treat (NNT).

Hasil: Didapatkan perbedaan bermakna pada proporsi subjek 
yang mengalami penurunan kadar TNF-α pada kelompok 
tigesiklin dibanding fosfomisin pada hari ke-7 pascabedah 
(62% vs 29%, p=0,022). Pengurangan edema pacsa operasi 
berbeda tidak bermakna pada kedua kelompok (86% vs 
80%, p=0,580). Tigesiklin menunjukkan efektivitas klinis 
mengurangi luaran buruk  (GOS ≤ 2 (20% vs 38% ; p=0,096; 
OR=0,41; NNT=6) dan inhospital mortality (17% vs 35%; 
p=0,083; OR=0,49; NNT=5). LOS ≥ 15 hari ( 40% vs 27%; 
p=0,243; OR=1,81; NNT=8).

Kesimpulan: Tigesiklin memiliki kemampuan antiinflamasi 
dan neuroproteksi, serta memperbaiki luaran klinis pada PISS 
yang dilakukan evakuasi hematoma.

ABSTRACT

Background: The outcome of patients with spontaneous 
supratentorial intracerebral hemorrhage (SSICH) is 
unsatisfactory. Inflammatory response secondary to brain 
injury as well as those resulted from surgical procedure 
were considered responsible of this outcome. This study 
was intended to elucidate the anti-inflammatory activity of 
tigecycline by measuring TNF-α level and its neuroprotective 
effect as represented by inhospital mortality rate.

Methods: Patients with SSICH who were prepared for 
hematoma evacuation were randomized to receive either 
tigecycline (n=35) or fosfomycine (n=37) as prophylactic 
antibiotic. TNF-α level was measured in all subjects before 
surgery and postoperatively on day-1 and day-7. A repeated 
brain CT Scan was performed on postoperative day-7. The 
Glasgow outcome scale (GOS) and length of stay (LOS) were 
recorded at the time of hospital discharge. Data were analyzed 
using Mann-Whitney and Chi square test. Relative clinical 
effectiveness was measured by calculating the number needed 
to treat (NNT).

Results: There was a significant difference regarding the 
proportion of subject who had  reduced TNF-α level on 
postoperative day-7 between the groups receiving tigecycline 
and fosfomycine (62% vs 29%, p=0.022). Decrease brain 
edema on CT control (86% vs 80%, p=0.580). Tigecycline 
administration showed a tendency of better clinical 
effectiveness in lowering inhospital mortality (17% vs 35%; 
p=0.083; OR=0.49; NNT=5) and worse clinical outcome / 
GOS ≤ 2 (20% vs 38% ; p=0.096; OR=0.41; NNT=6). LOS ≥ 15 
hari ( 40% vs 27%; p=0.243; OR=1.81; NNT=8).

Conclusion: Tigecycline showed anti-inflammatory and 
neuroprotective activities. These activities were associated 
with improved clinical outcome in patients with SSICH after 
hematoma evacuation.

http://dx.doi.org/10.13181/mji.v25i2.1351
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The mortality rate at day-7 post-spontaneous 
supratentorial intracerebral hemorrhage 
(SSICH) reaches 34.6%, and becomes 50.3% 
in the first month of treatment.1 Unfortunately, 
patients who can survive will suffer neurological 
disabilities with poor quality of life.2 Referring to 
a population-based study in the United States, the 
inhospital mortality for SSICH patients undergoing 
hematoma evacuation is 27.2%, and those 
without hematoma evacuation is 32%.3 Among 
the causes of unsatisfactory clinical outcome, is 
secondary brain injury as the consequence of 
untreated inflammatory response,4 as well as 
additional injury/inflammation due to surgical 
procedure5 that can lower the benefit of hematoma 
evacuation.6 Until now, SSICH management is still 
considered unsatisfactory.4,7

Considering that inflammation has pivotal role 
in the development of brain injury, controlling 
inflammatory response would be one of the 
promising treatment in SSICH management.8 
However, administration of steroidal anti-
inflammatory drugs is proven ineffective, as 
well as increased infection as its complication.9 
Animal studies have shown anti-inflammatory 
and neuroprotective activities of tetracycline 
derivatives.10,11 Among several inflammatory 
markers, tumor necrosis factor–alpha 
(TNF-α) has been known as a good marker 
of brain injury in SSICH patients.12,13 Low  or 
reduced TNF-α level has been proven to be 
associated with better outcome of intracranial 
hemorrhage (ICH) in animal study14 as well 
as in human subjects.13,14 A new tetracycline 
derivative, tigecycline, reduces TNF-α level 
and shows neuroprotective activity in animal 
studies.15 However, anti-inflammatory and 
neuroprotective activities of tigecycline in 
SSICH patients has not been well studied. 
This study was aimed to evaluate whether 
tigecycline could reduce TNF-α level as well 
as reduce brain injury in human subject with 
SSICH who underwent hematoma evacuation.

METHODS

This was a randomized controlled trial (RCT) 
to elucidate the anti-inflammatory and 
neuroprotective activities of tigecycline in SSICH 
patients who underwent hematoma evacuation 
at 11 hospitals in Jakarta. Randomization was 

carried out by block system, with the size of 
four. Patients who were prepared for hematoma 
evacuation over a period of August 2012 to 
November 2014, were randomized to receive 
either 100 mg tigecycline or 2 g fosfomycine 
as prophylactic antibiotic. Antibiotic was 
administered intravenously 30 minutes before 
the surgery. The protocol of this study has been 
approved by Medical Ethics Committee, Faculty 
of Medicine, Universitas Indonesia/Cipto 
Mangunkusumo Hospital (No. 493/PT02.FK/
ETIK/2012).

SSICH diagnosis was made based on clinical 
condition and the results of CT scan imaging. 
Surgical intervention was indicated if the 
hematoma volume was ≥30 mL and the clinical 
finding showed a decreased level of consciousness. 
The volume was measured by following formula: 
½ (A × B × C) with A as the greatest diameter of 
hematoma on CT scan, B as the vertical diameter 
(90°) to A, and C is the amount of slices on the CT 
scan by which the hematoma were seen (counted 
in centimeters).16 The surgical procedures 
were hematoma evacuation with craniotomy 
or craniectomy. Sample size was calculated by 
following formula:17

      
   √       √             

       
 

 By taking P1=0.4 as the proportion of the effect of 
standard treatment, and P2=0.7 as proportion of the 
effect of tigecyclin, α=0.05 and β=0.1, a minimum 
of 22 subjects were needed in each group. 

Subject characteristics and outcomes were 
recorded as numeric and/or categorical data. The 
subject characteristics were age, sex, Glasgow 
coma scale (GCS) score, hematoma volume and 
its mass effect, onset and duration of surgery, size 
of corticotomy, systemic factors which affected 
prognosis, as well as the plasma level of TNF-α 
before surgery. The outcomes of our study were 
TNF-α plasma level on postoperative day-1 and 
day-7, changes in brain edema level on CT scan, 
glasgow outcome scale (GOS) and length of stay 
(LOS) at the time of hospital discharge. 

Brain edema level was measured by 
perihematoma hypodensity thickness on the 
CT scan before surgery and perihematoma 
hypodensity thickness/former hematoma area 

http://mji.ui.ac.id
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in milimetres. The changing level of edema was 
measured by comparing the degree of brain 
edema on CT scan pre-surgery with repeated 
CT scan at day seven post-surgery. The plasma 
level of TNF-α was measured using ELISA, the 
reagent for TNF-α is produced by DRG in the 
United States. Normal value of TNF-α according 
to the manual book is 4.5–12.5 pg/mL, by which 
the abnormal value of  TNF-α was determined 
if it is more than 12.5 pg/mL. Data from all of 
the randomized subjects were included in the 
analysis. Numeric data were presented as mean 
value and data distribution, categorical data 
were presented as proportion (%). Comparison 
of numeric data between the two groups was 
done by using Mann–Whitney test, meanwhile 
categorical data were tested using Chi square 
test. The statistical level of significance was set 
at p˂0.05. Relative clinical effectiveness was 
calculated using relative risk (RR), odds ratio 
(OR), and number needed to treat (NNT).

RESULTS

The sample size of our study was 72 subjects, 
including 35 subjects in the treatment group 
(tigecycline) and 37 subjects in the control group 
(fosfomycine).

Subject characteristics
Age mean, GCS, and hematoma volume of subjects 
in both groups were equal. Risk factors for poor 
outcome such as elderly age (over 60 years), 
female, history of hypertension, and abnormal 
mean arterial pressure (MAP) were found greater 
in the tigecycline group. On the contrary, mid line 
shifting (MLS) of ≥10 mm, which is a sign of brain 
herniation, was greater in the fosfomycin group 
(Table 1).

Changes of  TNF-α plasma level
Changes of the TNF-α level were analyzed based 
on three aspects, i.e. mean value, proportion of 
subject with normal level, and with decreased 
level. Changes of brain edema were measured 
by comparing the degree of brain edema 
using CT scan figures before and after surgery. 
Changes of  TNF-α plasma level are  shown in 
Table 2.

On post operative day one, TNF-α levels in the 
tigecycline group from all the three aspects 

Group

Tigecycline Control

Subject amount, n(%) 35 (49) 37 (51)

Gender

Male, n(%) 19 (54) 26 (70)

Female, n(%) 16 (46) 11 (30)

Age

Mean (SD) 52.8 (9.1) 51.8 (8.9)

>60 years, n(%) 9 (26) 5 (14)

Poor Risk Factors

Female, n(%) 16 (46) 11 (30)
Elderly (age >60 years) 9 (26) 5 (14)
Abnormal MAP, n(%) 32 (91) 29 (78)

Hypertension, n(%) 32 (91) 32 (86)

GCS

Median (min–max) 9 (6–13) 9 (5–14)

Hematome volume 

Median (min–max) mL 45 (30–90) 50 (30–90)

Volume ≥60 mL, n(%) 21 (60) 22 (59)

Midline shift

Median (min–max) mm 5 (0–15) 5 (0–20)

≥10 mm, n(%) 7 (20) 12 (32)

Brain edema 

Moderate degree, n(%) 17 (48) 15 (40)
TNF-α level before 
intervention

Median (min–max) pg/mL 14.5 (3.1–95.8) 15.9 (3.9–64.6)
Normal Level, n(%) 12 (34) 14 (41)

Leukocyte level

Mean (SD) /μL 14.17 (3.48) 15.48 (5.54)

Surgical onset 
Less than 24 hours, n(%) 22 (63) 27 (73)
More than 48 hours, n(%) 6 (18) 6 (16)

Surgical duration
Median (min–max) 
minutes

160 (60–360) 160 (60–420)

Corticotomy diameter

Median (min–max) mm 10 (5–30) 15 (3–30)

MAP= mean arterial pressure; GCS= Glasgow coma scale; 
TNF-α= tumor necrosis factor–alpha; SD= standar deviation

Table 1. Subject characteristic
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were improved. Median was decreased from 
14.5 (3.1–95.8) pg/mL to 12.4 (4.3–85.0) pg/
mL, proportion of subjects with normal level 
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in the control group was also increased from 
41% (before fosfomycin administration) to 44% 
The differences of the proportion of  normal 
level of TNF-α between the two group were 
statistically not significant (chi square resulted 
p=0.764 (95% CI=0.560-1.531). However, the 
differences of the proportion of subjects with 
reduced TNF-α level  between the two group 
were statistically significant (62% vs 29%; 
p=0.022; 95% CI=0.313–0.941).

Short-term clinical outcome
Clinical outcomes were measured with GOS 
and LOS at the time of hospital discharge. GOS 
was quite applicable for measuring clinical 
outcome post spontaneous supratentorial 
intracerebral hemorrhage (SSIH), in spite of its 
rough characteristic. GOS consists of cognitive 
evaluation, disability, and social function.18 
Therefore, GOS measurement at the time of 
hospital discharge is a prognostic marker for 
clinical outcome at six months.19 To present short-
term clinical outcome, the study also included 
LOS (Table 3).

Tigecycline group Control group p RR OR
TNF-α –Day 1

Median (min-max) pg/mL 12.4 (4.3-85) 16.9 (4.0-84.4) 0.247
Normal level, n (%) 19 (56) 11 (37) 0.124 0.70 0.46
Decreased level, n (%) 22 (65) 12 (43) 0.085 0.61 0.41

TNF-α – Day 7
Median (min-max) pg/mL 15.1 (2.1–60.5) 15.9 (2.6–97.0) 0.346
Normal level, n (%) 13 (48) 11 (44) 0.764 0.85 0.85
Decreased level, n (%) 16 (62) 7 (29) 0.022 0.54 0.26

Brain edema degree
Decreased, n (%) 24 (86) 20 (80) 0.580 0.7 0.68

Table 2. Changes of the TNF-α and brain edema

TNF-α= tumor necrosis factor–alpha

GOS= Glasgow outcome score; LOS= length of stay; RR= relative risk; OR = odds ratio; NNT= number needed to treat

Group
RR OR NNT p

Tigecycline n(%) Control n(%)
GOS

GOS 1 6 (17) 13 (35) 0.49 0.38 5 0.083
GOS ≤2 7 (20) 14 (38) 0.53 0.41 6 0.096

LOS  ≥15 days 14 (40) 10 (27) 1.48 1.81 8 0.243

Table 3. Glasgow outcome score and length of stay

of TNF-α was increased from 34% to 44%, and 
the proportion of subjects with decreased level 
was greater compared to the proportion of 
subjects having increased level (65% vs 35%). 
On the contrary, in the control group, median 
was increased from 15.93 (3.9–64.6) pg/mL, 
the proportion of subjects with normal level 
of TNF-α was decreased from 41% to 37%, 
and   the proportion of subjects with decreased 
level was lower compared to the proportion of 
subjects having increased level (43% vs 57%). 
The changes of TNF-α level between the two 
group were statistically not significant. However, 
the data showed that the tigecycline reduced the 
TNF-α level, as well as the surgical procedure 
increased the TNF-α level. 

On post operative day seven, the proportion 
of subjects with normal TNF-α level in the 
tigecycline group was increased from 34% 
(before tigecycline administration) to 48%. 
However, it was decreased compared to post 
operative day one  from 56% to 48%. The 
proportion of subjects with normal TNF-α level 
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DISCUSSION

Intracerebral hematoma causes mass effects in 
the form of increased intracranial pressure and 
brain herniation, as well as a source of neurotoxic 
substances that damage the brain cells.  All causes 
may affect each other and lead to unsatisfactory 
clinical outcomes. A previous study showed that 
hematoma volume is a powerful predictor of 
the 30-day mortality rate.20 However, for most 
patients the usefulness of surgery is not well 
established. Hematoma evacuation can indeed 
reduce intracranial pressure and prevent brain 
herniation, as well as producing a significant 
amount of neurotoxic substances; however, the 
evacuation surgical procedure has been believed 
to cause additional brain injury.5,6 

Surgical evacuation of hematoma for clinical 
deteriorating patients can be considered as a 
life-saving procedure.21 It seems that there is no 
particular type of treatment, either surgical or 
medical, that can provide satisfactory clinical 
outcomes. Recent advances from basic science 
and pre-clinical studies regarding treatment 
strategies for SSICH show the role of cell 
replacement therapy, endogenous neurogenesis, 
and neuroprotection.22 Neuroprotective agents 
were believed to provide brain cells protection 
from secondary brain injury that causes 
sustainable brain damage, as well as to improve 
neurological outcomes.23 On animal models, anti-
inflammatory drugs, as well as minocycline (the 
prototype of tigecycline), have been demonstrated 
to have neuroprotective activity and therapeutic 
effects.24,25 This study was intended to elucidate 
the anti-inflammatory activity of tigecycline by 
measuring TNF-α level, and its effects on clinical 
outcomes by measuring the inhospital mortality 
rate and/or GOS score.

The findings in the present study confirm 
that tigecycline reduced TNF-α plasma level. 
This study noted a significant difference 
on the proportion of subjects with reduced 
TNF-α plasma level on the seventh day after 
administration/surgery between those in the 
tigecycline and fosfomycine group. About 62% 
of subjects in the tigecycline group showed 
reduced TNF-α plasma level, while only 29% 
of subjects in the control (fosfomycine) group 
showed reduced TNF-α plasma level. 

Medical Journal of Indonesia

These results are similar with the results of 
previous studies conducted in animal,15 which 
indicate that tigecycline can reduce TNF-α plasma 
level. Since TNF-α is a proinflammatory cytokine,26 
the reduced plasma level could be assumed 
as a reflection of less inflammation process. 
Inflammatory response plays an important role 
as a cause of brain injury, either due to SICH or 
surgical procedures.5,8 On the other hand, the non-
steroidal anti-inflammatory drugs (rosiglitazone) 
and tigecycline have been shown to reduce the 
inflammatory response.5,15 

Reduced TNF-α level or activity,14,27 or moderate 
level of TNF-α13 is associated with better 
clinical outcomes in intracerebral hemorrhage. 
The results of present study are consistent 
with the statements above. Inhospital mortality 
rate was reduced by 18%, i.e. the tigecycline 
group has recorded inhospital mortality rate 
by 17%, compared with 35% in the control 
(fosfomycine) group.  A population-based study 
in US showed that the inhospital mortality 
rate was 27.2%.28 Although statistically it was 
not significant, but it was clinically important. 
Subjects who received a single  dose of 100 mg 
tigecycline would experience reduced risk of 
inhospital mortality by 2.6 times. In addition 
to the inhospital mortality rate, subjects in the 
tigecycline group also experienced better GOS 
score by 2.4 times.

This study protocol established a re-
examination of CT scan on the seventh day 
after surgery. Considering that hematoma 
volume of more than 30 mL is associated with 
early death29 and most of the patients (89%) 
die before the seventh day,  re-examination of 
the CT scan on the seventh day become one 
of the limitations in this study. Assesment on 
adequacy of hematotoma evacuation and/or 
the presence of rebleeding can not be done. 
Other limitations in this study include the small 
sample size (72 subjects), a slight difference 
in the facilities, especially in intersive care 
unit and wards that exist among the hospitals 
that had become the study site and a slight 
difference in surgical procedure performed by 
different neurosurgeons. Although there were 
limitations, several factors which were believed 
to affect the outcomes, i.e. age,30 gender,31 GCS 
on admission and volume of the hematomawere 
comparable in both groups.32,33
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for the management of spontaneous intracerebral 
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hemorrhage. Neurosurg Focus. 2008;24(3–4):E16.

23. Hwang BY, Appelboom G, Ayer A, Kellner CP, Kotchetkov 
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Improving outcomes of neuroprotection by minocycline: 

In conclusion, a single dose of 100 mg tigecycline 
treatment before surgical procedure for 
hematoma evacuation of SSICH can significantly 
reduce TNF-α plasma level. Tigecycline treatment 
also shows lower inhospital mortality rate, 
which is  clinically important. Further studies are 
necessary to asses the effectiveness and efficiency 
of tigecycline treatment for ICH by considering 
various limitations found in this study. 
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ABSTRAK

Latar belakang: Resistensi vaskuler paru (RVP) memiliki peran 
penting dalam perjalanan penyakit, prognosis, dan luaran 
pasca-intervensi katup pada pasien dengan stenosis mitral (SM). 
Rumus ekokardiografi yang sudah ada untuk memerkirakan 
RVP tidak dibuat untuk pasien khusus stenosis mitral. Studi 
ini bertujuan membangun sebuah rumus ekokardiografi baru 
yang spesifik untuk mengukur RVP pada pasien SM.

Metode: Studi diagnostik ini dilakukan secara 2 tahap. Pada 
tahap pertama, 58 subjek dengan SM ikut dalam penelitian 
secara konsekutif untuk membangun beberapa model rumus. 
Korelasi 8 parameter ekokardiografi dianalisis dan dievaluasi 
dengan pengukuran RVP melalui pemeriksaan invasif sebagai 
baku emas.  Rumus ekokardiografi yang memiliki korelasi 
terbaik dipilih dan kemudian pada studi tahap dua, rumus 
tersebut divalidasi dengan menggunakan 34 subjek lain dengan 
SM.

Hasil: Terdapat 4 rumus dengan koefisien diskriminasi 
r2=0,62–0,68.  Rumus terbaik kemudian dipilih untuk divalidasi. 
Rumus ekokardiografi baru yang berupa RVP=-7,465+3,566 
TRvmax –(0,23 TVs’)+6,799 (RV-MPI) mempunyai korelasi baik 
(R=0,71; p<0,001) terhadap nilai RVP secara invasif, dengan 
reliabilitas yang baik. TRvmax adalah kecepatan maksimal 
regurgitasi tricuspid, TVs’adalah kecepatan annulus tricuspid 
pada dinding bebas ventrikel kanan, dan RV-MPI adalah indeks 
performa miokard ventrikel kanan. Kurva ROC menunjukkan 
bahwa titik potong 7,2 woods unit (WU) memiliki sensitivitas 
dan spesifisitas yang baik (90% dan 88%, berurutan) untuk 
memprediksi RVP 7 WU secara invasif.

Kesimpulan: Studi ini menunjukkan rumus ekokardiografi baru 
dapat memerkirakan RVP dengan korelasi dan reliabilitas yang 
baik pada pasien dengan stenosis mitral.

ABSTRACT

Background: Pulmonary vascular resistance (PVR) plays 
an important role in the natural history, prognosis, and 
outcome after valve intervention in patients with mitral 
stenosis (MS). The existing formula to estimate PVR by 
means of echocardiography is not readily applicable in the 
MS patient subset because it does not specifically calculate 
the risk of PVR in MS. The aim of this study was to find a new 
echocardiography formula to estimate PVR in MS.

Methods: This diagnostic study was conducted in 2 stages. 
In the first stage, 58 consecutive subjects with MS were 
studied to find some model formulas for estimating PVR by 
multiple regression. Eight echo parameters were analyzed to 
seek their correlation with the invasive PVR value as a gold 
standard. The formula that had the best correlation and was 
easiest to use would be selected. In the second stage, those 
model formulas were validated by applying them to a further 
34 consecutive MS subjects. 

Results: Four formulas which gave a discriminator coefficient 
of r2 0.62–0.68 were derived.  The best model formula was 
proposed for further application.  The new selected formula 
PVR=-7.465+3.566 TRvmax –(0.23 TVs’)+6.799 (RV-MPI) 
showed good correlation (r=0.71, p<0.001) to the invasive 
PVR value, with good reliability. TRvmax is maximal velocity of 
tricuspid regurgitation, TVs’ is systolic velocity of tricuspid 
annulus, and RV-MPI is right ventricle index myocardial 
performance. ROC curve showed that the cut off point 7.2 has 
good sensitivity and specificity (90% and 88%, respectively) 
to predict PVR 7 WU.

Conclusion: This study has shown that a novel 
echocardiography formula can estimate PVR with good 
correlation and reliability in subjects with mitral stenosis.
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Rheumatic heart disease (RHD) remains 
a significant health problem in Asian and 
developing countries.1-3 It is a chronic sequelae 
of rheumatic carditis, which occurs in 60% 
to 90% cases of rheumatic fever caused by 
group A-hemolytic streptococcal infection of 
the throat. About 25% of all patients with RHD 
have isolated mitral stenosis, and about 40% 
have combined mitral stenosis (MS), and mitral 
regurgitation (MR).4 Pulmonary hypertension 
(PH) is known as a frequent complication of 
rheumatic mitral valve disease, including MS 
and MR. It influences the natural history of 
the disease, affects the response to treatment 
and alters the post-intervention prognosis.5 
The mechanism of PH in valvular heart disease 
includes a passive increase of pulmonary vein 
pressure and reactive PH due to pulmonary 
arterial vasoconstriction. In reactive PH, there 
is increased pulmonary vascular resistance 
(PVR) due to pathological changes of pulmonary 
vasculature such as hypertrophy of intima-
media layer, plexiform lesion or hemosiderosis. 
These changes can be found in small number of 
patients with long-standing disease.5

PH is an indicator of disease severity in patients 
with MS and is one of the criteria for the timing 
of intervention.6 PH and PVR usually regress 
once the gradient across the stenotic mitral valve 
is relieved by either surgical or non-surgical 
intervention. However, in some patients with 
moderate and severe PH, pulmonary artery 
pressure and PVR remain significantly elevated 
despite the relief of mitral valve obstruction. Since 
patients with fixed PVR have a poorer prognosis, 
their identification is important.5

Right heart catheterization remains the 
standard by which PVR can be identified.7 
However, this procedure carries certain risks 
due to its invasive nature. Therefore, some 
echocardiography studies proposed indexes 
to estimate PVR in cardiovascular disease, 
mostly in pulmonary arterial hypertension 
(PAH).8-10 Yet, none of them have been applied 
specifically in patients with MS. Considering 
that PVR is very important in managing patients 
with MS, and the pathophysiology of PH in 
MS is different from other etiologies of PAH 
condition, this study aimed to find a favorable 
echocardiographic formula for estimating PVR 
in MS. 

METHODS

Patient population
Subjects were moderate or severe MS patients 
who had underwent right heart catheterization as 
part of their routine procedure of percutaneous 
trans-catheter mitral commissurotomy (PTMC).6 
Diagnosis of moderate or severe MS was confirmed 
when Doppler echocardiography indicates the 
narrowing of mitral orifice area to ≤1.5 cm2 while 
the mean gradient is ≥5 mmHg.11,12 Subjects with 
concomitant significant aortic valve disease, 
congenital heart disease, poor echo window or 
whose ratio of heart rates in the two examinations 
(echocardiography and catheterization) exceeded 
1.5 were excluded. All subjects underwent 
echocardiographic examination and right heart 
catheterization with the maximum time interval 
of six hours. Examinations were conducted in the 
echocardiographic laboratory and catheterization 
laboratory at National Cardiovascular Center 
(NCVC) Harapan Kita, Jakarta, from July 2009 to 
December 2011. The protocol of this study has 
been approved by Ethics Committee for Medical 
Research NCVC Harapan Kita and the Health 
Research Ethics Committee of the Faculty of 
Medicine, Universitas Indonesia (No. 267/PT02.
FK/ETIK/2010).

A total of 119 consecutive patients were screened 
for inclusion in this study with the subsequent 
exclusion of 27 patients due to underage, heart 
rate ratio in the two examinations exceeding 1.5, 
echocardiography and catheterization interval 
exceeding six hours and poor echo window 
(Figure 1).

This study was conducted in two stages. The first 
stage was to establish some echocardiographic 
formula for estimating PVR in MS, followed by a 
second stage to validate the proposed formulas 
by applying them to other subjects with MS and 
comparing the results with calculated invasive 
PVR as a gold standard. The final study population 
included 58 subjects for the first stage and 34 
subjects for the second stage.

Echocardiographic examination
Transthoracic echocardiography was performed 
in a left lateral decubitus position using a 
commercially echocardiography machine (vivid 
7-dimension, general electric). Examinations were 
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 Figure 1. A diagram of patients recruitment

performed with a combined two-dimensional 
and Doppler echocardiography with a 5-MHz 
transducer. The sweep speed for Doppler-derived 
velocity and time interval measurements was 
100 m/sec. The standard echocardiography 
examination was taken by either one of two 
well-trained senior cardiac sonographers. Some 
non-routine echocardiographic parameters for 
right heart hemodynamic profiles were obtained 
according to the protocol.13

Eight echo parameters as independent variables 
for the formula were specifically analyzed. They 
were mitral valve area (MVA) in cm2, mean mitral 
valve gradient (mMVG) in mmHg, tricuspid 
regurgitation maximum velocity (TRvmax) in m/
sec, pulmonary valve acceleration time (PV Acct) 
in m/sec, right ventricular outflow tract velocity 
time integral (RVOT VTI) in cm, right ventricle 
myocardial performance index in (RV-MPI), 
tricuspid annulus velocity (TVs’) in cm/sec, and 
2-dimension speckle tracking for right ventricle 
global strain (RV strain) in %. 

Mitral inflow continuous wave (CW) Doppler 
was obtained from the apical four chamber view 
by putting the ultrasound beam as parallel as 
possible with the mitral inflow turbulence jet 
during diastole. This spectral Doppler was used 
to calculate MVA (cm2) by pressure half time 

(PHT)14, and mMVG12 (mmHg) by tracing the 
spectral Doppler. Right ventricle outflow tract 
(RVOT) pulse wave (PW) Doppler was obtained 
by placing a PW Doppler sample volume in the 
proximal RVOT just before the pulmonary valve 
when imaged from the parasternal short-axis 
view. The sample volume was placed so that the 
minimal closing click of the pulmonary valve was 
visualized. This RVOT spectral Doppler was used 
to measure PV Acct (m/sec) by timing the early to 
peak wave, RVOT VTI (cm) by tracing the pectral 
Doppler), and pulmonary valve ejection time 
(PVET, in msec)15 by timing the early and end of 
the wave. 

The tricuspid regurgitation (TR) Doppler signal 
was taken from the apical four chamber view 
or parasternal short axis view or right ventricle 
inflow view to get the most parallel jet turbulence 
to the ultrasound beam. The CW Doppler signal 
was used to measure TRvmax (mmHg) by measuring 
the peak velocity.16 RV-MPI was calculated by 
dividing isovolumetric time with RVOT ejection 
time [IVCT+IVRT]/PVET.17 Isovolumetric time was 
taken by measuring the time of TR jet flow. Tissue 
Doppler imaging of the right ventricle free wall 
was taken online to measure TVs’16 (in cm/sec) by 
measuring the peak systolic wave,  and 2-D speckle 
tracking by offline analysis to measure peak RV 
strain.18 All echocardiographic parameters were 
digitally stored for further offline analysis. 

The echocardiography result was evaluated 
offline by a single observer using a General 
Electric EchoPAC workstation. At least three 
cardiac cycles in sinus rhythm and five cardiac 
cycles in atrial fibrillation were calculated and 
averaged. Intra- and inter-observer variability 
was evaluated between two observers who were 
general cardiologists.

Invasive hemodynamic examination
Right heart catheterization for the invasive 
measurement of PVR was done during the 
PTMC procedure as part of the routine protocol. 
Cardiac interventionists who performed the 
invasive measurements were blind of the 
echocardiographic measurements and vice versa. 
Invasive PVR was calculated using the equation 
PVR = mPAp – mLAp/CO, where mPAp was mean 
pulmonary artery pressure, mLAP was mean left 
atrial pressure, and CO was cardiac output. Cardiac 
output was calculated using the Fick method and 
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assumed oxygen consumption from the La Farge 
table.7 Mean PAp was measured directly from the 
catheter placed in the main pulmonary artery, 
while direct mLAp was measured with the catheter 
placed in the left atrium after the trans-septal 
puncture was done. The procedure and pressure 
measurements were done by one of our expert 
invasive cardiologists, and the measurements 
were calculated automatically from the pressure 
graphics. At least three cardiac cycles in sinus 
rhythm and five cardiac cycles in atrial fibrillation 
(AF) were calculated and averaged. To ensure 
the similarity in hemodynamic conditions and 
volume during echocardiographic and invasive 
examination, both procedures were performed 
within six hours without extensive volume 
loading, with the ratio of the heart rate not 
exceeding 1.5.

Statistical analysis
Patient characteristics data were presented in 
mean and 95% confidence intervals. Relationship 
between invasive PVR as the gold standard and 
eight echocardiography variables as independent 
variables were assessed by Pearson’s correlation 
coefficient for normally distributed data and 
Spearman Rho’s correlation coefficient for not-
normally distributed data. Kolmogorov-Smirnov 
test was used to assess the normality of the 
distribution.  Variables with correlation p value 
less than 0.25 were then included in multivariate 
analysis. We did not use more traditional p value 
levels such as 0.05, since it can fail in identifying 
variables known to be important.19,20 Multiple 
regression models with a backward method were 
constructed for invasive PVR and independent 
variables to establish some model formulas. From 
the second stage study, the correlation between 
invasive PVR as a gold standard and formulas 
were again assessed by Pearson’s or Spearman 
Rho’s correlation coefficient. Comparison 
between groups of mean invasive PVR versus 
mean echo formulas PVR and reliability test 
using Cronbach alpha were also done. Inter- and 
intra-observer variability were calculated using 
Pearson correlation.

To assess the diagnostic value of the novel 
formula, using PVR as the gold standard, receiver 
operating characteristic curves were plotted 
using a dichotomized function of PVR and a cut-off 
value of seven woods unit (WU). Several studies 
showed that PVR of >7 WU is associated with 

poor prognosis in surgically treated patients.21,22 
Confidence interval of sensitivity and specificity 
were assessed. All analyses were performed on 
software (SPSS 17.0, SPSS Inc, Chicago, IL) and 
p<0.05 was considered as statistically significant.

RESULTS

The demographic and clinical characteristics of 
subjects in the first stage group and second stage 
group were homogenous, as shown in Table 
1. The echocardiography parameters listed 
in Table 2 also showed similar characteristic. 
Figure 2 shows how the parameters were 
measured. A large proportion of subjects with 
AF were found.

Building the formulas
Table 3 displays the result of Pearson correlation 
test between eight echocardiography 
parameters and invasive PVR. Seven variables 
including mMVG, TRvmax, PV Acct, RVOT VTI, 
RV-MPI, TVs’, and 2D Strain showed correlation 
with p<0.25. Those seven variables were thus 
included in the multiple linear regression 
analysis. 

Variable Stage I (n= 58) Stage II (n = 34)
Sex

Male 18 (31.0%) 8 (23.5%)
Female 40 (69.0%) 26 (76.5%)

Age  (years) 39.5 (36.8–42.2) 39.7 (35.9–43.4)
Body surface area (m2) 1.56 (1.5–1.6) 1.52 (1.5–1.6)
Heart rate (invasive) 85 (81–88) 80 (74–86)
Heart rate (echo) 80 (76–82) 78 (72–84)
Heart rhythm

Sinus rhythm 28 (48.3%) 16 (47.1%)
Atrial fibrillation 30 (51.7%) 18 (52.9%)

Mitral regurgitation
None 40 (69.0%) 6 (76.5%)
Mild 18 (31.0%) 8 (23.5%)
Moderate 0 (0.0%) 0 (0.0%)
Severe 0 (0.0%) 0 (0.0%)

Tricuspid regurgitation
None 3 (5.2%) 2 (5.9%)
Mild 39 (67.2%) 21 (61.8%)
Moderate 9 (15.5%) 6 (17.6%)
Severe 7 (12.1%) 5 (14.7%)

Table 1. Subject’s characteristics
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Variables Stage I (n= 58)
mean (95% CI)

Stage II (n = 34)
mean (95%,CI)

Invasive haemodynamic
Cardiac output (L/min) 3.2 (2.9–3.4) 3 (2.7–3.2)
Pulmonary vascular 
resistance (WU)

5.9 (4.8–7.1) 6.4 (4.4–8.3)

Left atrial pressure 
(mmHg)

25 (23.0–27.0) 24 (21.0–27.0)

Systolic PA pressure 
(mmHg)

67 (60.0–74.0) 64 (54.0–74.0)

Mean PA pressure 
(mmHg)

42 (38.0–46.0) 40 (34.0–47.0)

Echocardiography
LVEF (%) 59 (57.0–62.0) 63 (58.0–67.0)
MVA (cm2) 0.7 (0.7–0.8) 0.8 (0.7–0.8)
mMVG  (mmHg) 13 (12.0–15.0) 13 (11.0–15.0)
TRvmax  (m/s) 3.5 (3.3–3.7) 3.5 (3.2–3.8)
PV AccT  (msec) 74 (69.0–80.0) 85 (76.0–94.0)
RVOT VTI  (cm) 13 (12.1–14.1) 13 (11.6–14.3)
RV-MPI 0.49 (0.44–0.53) 0.51 (0.42–0.60)
TVs’ (cm/s) 10.8 (10.1–11.6) 10.5 (9.7–11.5)
2-D Speckle RV 
Strain (%)

21 (19.0–23.0) –

Table 2.  Invasive and echocardiographic hemodynamic 
measurements

2-D Speckle RV Strain was not measured during the 2nd 
stage as the parameter has been excluded as the result of 
1st stage study. PA (pulmonary artery), LVEF (Left ventricle 
ejection fraction), MVA (mitral valve area), mMVG (mean 
mitral valve gradient), TRvmax (tricuspid regurgitation 
maximum velocity), PV Acct (pulmonary valve acceleration 
time), RVOT VTI (right ventricular outflow tract velocity 
time integral), RV-MPI (right ventricle myocardial perfor-
mance index), TVs’ (tricuspid valve systolic tissue velocity), 
RV (right ventricle)
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Figure 2. The measurement of the parameters with echocar-
diographic picture. (A) CW Doppler to measure TRvmax was 
taken by measuring the maximal velocity of tricuspid regur-
gitation in m/sec. (B,C) Right ventricular index myocardial 
performance (RV-IMP) is measured by (a-b) / b, whereas “a” 
was tricuspid ejection time in msec (picture B), and “b” was 
pulmonary valve ejection time in msec (C). (D) Spectral tis-
sue Doppler measuring velocity of the tricuspid annulus on 
the site of free wall (TVs’ in cm/sec)

Four formulas with the best r2 from the multiple 
linear regression analysis were chosen to be 
evaluated further at the second stage study. 
Variables that were included in the model 
formulas were mMVG (mmHg), TRvmax (m/s), TVs’ 
(cm/s) and MPI. These four model formulas were 
shown in Table 4.

Validation of the model formulas
The correlation between invasive PVR and four 
model formulas was equally good (r=0.67-0.72) 
as shown in Table 5. There was no significant 
difference between mean invasive PVR group 
and mean calculated PVR derived from each of 
the four model formulas. Reliability tests using 
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Cronbach alpha showed that all model formulas 
had good reliability (0.83). 

Based on the correlation coefficient, the 
comparison test, the reliability test, and the 
practicality for daily use, formula B was selected 
as the most optimum formula. Since MPI is 
calculated by dividing the difference between 
tricuspid valve ejection time (TVET) and 

Independent variables r p
Mitral valve area  (cm2) -0.11 0.433
Mean mitral valve gradient (mmHg) 0.42 0.001
TRvmax (m/s) 0.66 <0.001
PV Acct (msec) -0.59 <0.001
RVOT VTI (cm) -0.32 0.013
RV- MPI 0.61 <0.001
TVs’v  (cm/s) -0.37 0.004
2D speckle RV strain (%) -0.42 0.001

Table 3. Correlation between echocardiographic parameters 
and invasive pulmonary vascular resistance (PVR)

All variables analyzed with Pearson test. TRvmax (tricuspid 
regurgitation maximum velocity), PV Acct (pulmonary valve 
acceleration time), RVOT VTI (right ventricular outflow tract 
velocity time integral), RV-MPI (right ventricle myocardial 
performance index), TVs’ (tricuspid valve systolic tissue ve-
locity), RV (right ventricle)

Model Formula R R2 Adj usted R2

A PVR = -7.89–(0.05 mMVG)+3.80 TRvmax–(0.21 TVs’)+7.04 MPI 0.79 0.62 0.59
B PVR = -7.47+3.60 TRvmax–(0.23 TVs’)+6.80 MPI 0.79 0.62 0.60
C PVR = -10.28+3.50 TRvmax+8.07 MPI 0.78 0.60 0.59
D Log 10[PVR] = -0.26+0.26 TRvmax–(0.03 TVs’)+0.66 MPI 0.79 0.63 0.61

PVR= pulmonary vascular resistance; mMVG= mean mitral valve gradient; TRvmax= tricuspid regurgitation maximum velocity; 
MPI= right ventricle myocardial performance index; TVs’= tricuspid valve systolic tissue velocity

Table 4. Model formulas

Formula Model formula
Mean (95% CI)

Invasive PVR
Mean (95% CI) r* Compare

mean†
Cronbach 

alpha

Model A 6.1 (4.6–7.5) WU 6.4 (4.4–8.3) WU 0.68 (p<0.001) p=0.922 0.83
Model B 6.1 (4.6–7.5) WU 6.4 (4.4–8.3) WU 0.70 (p<0.001) p =0.883 0.83
Model C 6.0 (4.5–7.6) WU 6.4 (4.4–8.3) WU 0.67 (p<0.001) p=0.787 0.83
Model D (logarithm PVR) 6.5 (4.7–8.4) WU 6.4 (4.4–8.3) WU 0.72 (p<0.001) p=0.668 0.87

Table 5. Comparison of the score calculated using model formula and invasive pulmonary vascular resistance (PVR)

* Spearman Rho test; † Mann Whitney

 

 
Figure 3. Receiver-operating characteristic curve. A cut off 
value of 7.2 provided the best balanced sensitivity (90%) 
and specificity (88%) to determine PVR ≥7 WU/m2

pulmonary valve ejection time (PVET) by PVET,23 
so the practical form of this formula could be:
PVR=-7.47 + 3.60 TRvmax – (0.23 TVs’) + 6.80 
(TVET-PVET/PVET)

The receiving operator curve showed that the cut 
off point of 7.2 had good sensitivity and specificity 
(90% and 88%, respectively) to predict PVR 7 WU 
as shown in Figure 3.
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Intra- and inter- observer variability were 0.98 
and 0.96 respectively. 

DISCUSSION

This study demonstrated the novel formula of 
PVR as shown above can be used to estimate PVR 
in MS. Using a cut off point of 7.2 allowed the 
identification of PVR >7 WU with good accuracy.

Although several echocardiographic formulas 
to estimate PVR existed,8,9,24 none of them were 
built from valvular heart disease subjects, and in 
particular MS subjects. Most of the formulas were 
used in pulmonary arterial hypertensive patients. 
There are differences in the pathophysiology 
between those two entities. Mean LAp is much 
higher in MS patients compared to PAH patients. 
Since PVR calculation is [mPAp–mLAp]/CO, it 
is reasonable to question whether the previous 
indexes were suitable for estimating PVR in MS 
subjects.

The echocardiographic index for PVR described by 
Abbas has been included in the American Society of 
Echocardiography Guidelines for assessment of the 
right heart in adults.8 The index was calculated from 
selected etiological aspects of diseases (cardiac and 
non-cardiac), non-specific for MS patients. Thus, 
patient characteristics and disease etiologies are 
different from our study subjects.  

Unlike other previous studies,8,9,24 instead of using 
pulmonary capillary wedge pressure (PCWP), we 
calculated  invasive PVR through direct mLAp. 
In general, if obtained correctly, PCWP closely 
approximates LAp. However, in patients with 
mitral valve disease a significant error may be 
introduced by using a balloon-tipped floatation 
catheter for measuring PCWP.7 Significant 
TR commonly presents in patients with MS. 
Calculating CO by thermodilution method is 
inaccurate in the presence of significant TR.7 
In order to reduce inaccuracy in measuring 
CO, the Fick method was used instead of the 
thermodilution method. Due to that reason, we 
believed that this study has chosen a favourable 
method to calculate invasive PVR as the gold 
standard in subjects with MS.

As also seen in this study, TRvmax was commonly 
used in earlier echocardiographic indices for 

estimating PVR.8,9,24 This variable is generally 
accepted to have a good correlation with 
pulmonary pressure.16 In this study, TR is 
presented in 95% of all MS subjects. A challenge 
occurred when the Doppler signal was too faint, as 
commonly found in trivial TR, so that peak velocity 
may be inaccurately obtained. Other problems 
occurred when there was a massive TR or very 
poor right ventricle (RV) contractility. All of the 
above conditions may cause underestimation of 
the TRvmax. The latter problem will be overcome 
by the fact that two variables of RV function were 
included in the new formula (i.e. TVs’ and RV-
MPI).

Although the variables in the new formula did not 
take into account all of the exact components in 
basic PVR calculation, a significant correlation 
still existed. It is because TRvmax represents 
pulmonary artery pressure, while TVs’ and RV-
MPI represent right ventricle function which 
also correlates with CO. Mean MVG, which 
can be assumed as a representation of mLAP, 
apparently did not improve the quality of the 
new formula. Perhaps this can be explained by 
the fact that increase LAp in mitral disease will be 
followed by a parallel increase of mPAp (passive 
PH); thus, the transpulmonary gradient is still 
normal or constant. However, in advanced mitral 
disease, pulmonary pressure can increase out of 
proportion, far beyond mMVG, and generate an 
elevated transpulmonary gradient (reactive PH) 
and the resulting increased PVR.25 That is the 
reason why PVR is more affected by increased 
pulmonary artery pressure than mMVG. 

Previous studies included RVOT VTI in their 
indexes as a representation of CO.8,9,24 In this 
study, although there was a significant correlation 
between RVOT VTI and invasive PVR, this variable 
did not contribute well in the model formula 
using linear regression. On the contrary, TVs’ 
and RV-MPI which represent intrinsic and global 
function16 of RV, respectively, showed better 
correlation and a larger contribution in the new 
formula. 

Severe longstanding PH and increase PVR in 
advance MS create pressure overload of the RV. In 
general, the RV adapts better to volume overload 
than to pressure overload. In contrast to volume-
overload states, moderate-to-severe acquired PH 
in the adult often leads to RV dilatation and failure. 
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Pressure overload of the RV also may lead to RV 
ischemia, which may further cause ventricular 
dysfunction. Compared with volume-overload 
states, histological changes are more pronounced 
in RV pressure-overload states, as demonstrated 
by the increased density of myocardial connective 
tissue seen in both animal and human studies.26

In some patients with severe and progressive RV 
failure, pulmonary arterial pressure may decrease 
as a consequence of low cardiac output. Therefore, 
the interpretation of pulmonary pressure in 
patients with PH should always take into account 
the degree of RV failure and effective cardiac 
output.26 This reason may justifies the inclusion of 
TVs’ and RV-MPI variables in the novel formula.

There are some limitations in this study, 
including the practice of non-simultaneous 
echocardiographic examination and right 
heart catheterization for data comparison. 
Indeed, we have tried to minimize this source 
of error by performing the echocardiographic 
examination at a maximum of six hours before 
the right heart invasive measurements under 
comparable heart rate and volume condition. 
The proportion of AF in our subjects could also 
affect the result. To minimize this potential 
error, we measured and averaged five cardiac 
cycles for subject with AF. 

Some echocardiographic parameters included in 
the formula are TRV, TVs’ and RV-MPI. Calculation 
of RV-MPI is based on two echocardiographic 
parameters namely TVET and PVET. The two 
measurements could not be obtained in one 
cardiac cycle. Condition like atrial fibrillation 
could affect the accuracy of the measurement.  
In patients with severe (massive) tricuspid 
regurgitation, the measurement of the peak 
velocity of the regurgitant jet could be an issue. 
Proper alignment of the Doppler ultrasound 
beam is a crucial factor to ensure adequate 
determination of TRV in this situation. 

For clinical practice, this formula may provide 
a reliable, noninvasive method to determine 
PVR in MS patients which is still a challenge in 
developing countries. In addition, a cut off point 
that corresponds to a significant increase in PVR 
at the level of 7 WU could be clinically useful as an 
indicator of severity at the initial assessment of a 
patient with suggested PH.

In conclusion, the echocardiography estimation 
of PVR using the novel formula of PVR=-7.465 
+ 3.566 TRvmax – (0.23 TVs’) + 6.799 (RV-MPI)  
provides a useful estimation of PVR in patients 
with MS. Future prospective studies will be needed 
to validate these findings and to assess whether 
the novel formula is still apply for different groups 
of mitral  valve  disease patients and has role in 
the management strategies and further prediction 
of clinical outcome in patients with mitral valve 
disease after intervention procedures, especially 
mitral valve surgery. 
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ABSTRAK

Latar belakang: Salah satu pendekatan pola makan yang 
sehat adalah dengan penambahan serat makanan, yang dapat 
menurunkan respon glikemik melalui perlambatan digesti tanpa 
mengurangi ketersediaan kandungan karbohidrat. Penelitian 
ini bertujuan untuk membandingkan respons glikemik dan 
insulin pasca-prandial, serta rasa lapar dan kenyang setelah 
mengonsumsi susu yang diperkaya serat dibandingkan dengan 
makanan ekui-karbohidrat sebagai camilan pagi pada dewasa 
sehat.

Metode: Penelitian uji klinis menyilang dilakukan pada 12 
subjek sehat yang memenuhi kriteria penelitian. Makanan uji 
dikonsumsi setelah mendapat sarapan standar. Sampel darah 
vena untuk pemeriksaan insulin dan glukosa diambil sebelum 
mengonsumsi makanan uji, kemudian 30, 60, 120, dan 180 
menit setelahnya. Hasilnya dibuat menjadi kurva berdasarkan 
waktu. Rasa lapar dan kenyang diperiksa dengan visual analog 
scale (VAS) setelah setiap pengambilan sampel darah.

Hasil: Rerata umur subjek adalah 30,8+4,3 tahun dengan 
indeks massa tubuh 20,6±1,6 kg/m2. Tujuh dari 12 subjek 
adalah perempuan. Terdapat perbedaan yang signifikan dalam 
respons glikemik (p<0,001), insulin (p=0,045), dan rasa lapar 
pasca-prandial (p=0,021) antara kedua makanan uji. Tidak 
terdapat perbedaan signifikan rasa kenyang pasca-prandial 
(p=0,357). Area di bawah kurva untuk respons glikemik 
susu yang diperkaya serat lebih rendah secara signifikan 
dibandingkan camilan ekui-karbohidrat (p=0,010).

Kesimpulan: Dengan adanya perbedaan respons glikemik dan 
insulin, serta rasa lapar setelah mengonsumsi kedua makanan 
uji, maka susu yang diperkaya serat dapat dijadikan alternatif 
camilan bagi dewasa sehat. Dibutuhkan penelitian lebih lanjut 
terhadap susu yang diperkaya serat untuk dijadikan alternatif 
camilan bagi penyandang pre-diabetes.

ABSTRACT

Background: Additional dietary fibers which can decrease 
the glycemic response by slowing down digestion whilst 
maintaining the available carbohydrate content is one 
approach of healthy diet. This study aimed to compare post-
prandial glycemic and insulin response, hunger and satiety 
feeling after consuming fiber-rich milk compare with equi-
carbohydrate food as morning snack in healthy adults.

Methods: Cross-over study was conducted on 12 healthy 
subjects who fulfilled the criteria.  Each test food was given 
after consuming standard breakfast. Venous blood samples 
for insulin and glucose level were taken before consuming 
test food, at 30, 60, 120, and 180 minutes after, and plotted 
against time to generate a curve. Hunger and satiety 
assessments were taken by visual analog scale (VAS) after 
each blood sampling.

Results: In average, age was 30.8+4.3 years old, body mass 
index was 20.6±1.6 kg/m2. Seven of twelve subjects were 
females. There were significantly differences in postprandial 
glycemic response (p<0.001), insulin response (p=0.045) 
and hunger feeling (p=0.021) between the two foods. 
However, postprandial satiety feelings were not different 
significantly (p=0.357). The glycemic response area under 
the curve of fiber-rich milk was significantly lower than the 
equi-carbohydrate snack (p=0.010). 

Conclusion: Differences in glycemic and insulin response, 
and hunger feeling between two test foods, suggesting 
that fiber-rich milk can be used as an alternative snack 
for healthy adults. Further study is needed for the use of 
fiber-rich milk as an alternative snack for pre-diabetic 
patients.
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Healthy life style, among others is related to 
healthy eating of a balance diet, i.e. by balancing 
the variety of foods consumed proportionately in 
a regular eating schedule. It is becoming evident 
that modifying glycemic response of the diet is an 
element of the overall balanced diet and lifestyle.1

Scientific evidences clearly show that glycemic 
response can influence health outcomes related 
to key public health priorities, such as type 2 
diabetes and blood glucose control.2 Worldwide, 
type 2 diabetes mellitus is increasing in its 
evidence, including in Indonesia, from 1.1% 
in 2007 to 2.1% in 2013.3 This health problem 
is associated with its fatal complication such 
as cardiovascular diseases and chronic kidney 
disease.4, 5 

Dietary strategy is amongst the recommended 
approach aims to preventing its evidence.2 
However, as the major energy contribution to 
the diet, carbohydrate also leads to rises in blood 
glucose (glycemia). It is widely known that the 
glycemic response to food or meal is the effect 
that food or meals has on blood glucose levels 
after consumption. It is normal for blood glucose 
and insulin levels to rise after eating and then 
return again to fasting levels over a short period 
of time, particularly after consumption of meals 
rich in certain carbohydrates.6 Thus, reducing the 
size and duration of rises in blood glucose after 
meals is particularly beneficial to the general 
population. 

High glycemic index (GI) foods are usually 
associated with high palatability and low satiety, 
encouraging overconsumption and therefore, 
as the onset of hyperglycemia and obesity.7 
Evidence found that low GI foods or meals have 
a higher satiating effect than high GI foods or 
meals in short-term studies (one day or less).1 
Visual analogue scales have been validated to 
measure subjective feelings on satiety to measure 
the impact of energy intake at a subsequent meal 
measured three to four hours after consuming a 
low or a high GI meal.

An alternative approach in reducing the GI in 
products, among others is by the addition of 
more slowly digestible carbohydrates (e.g dietary 
fibers such as polydextrose and inulin) to elicit 
a negligible direct blood glucose response. Fiber 
has an effect on glycemic response due to its effect 

in slowing down digestion whilst maintaining 
the available of carbohydrate content. Thus 
reducing the glycemic impact of the diet.1 Inulin 
and other fructans are considered as functional 
foods used since they affect physiological and 
biochemical processes in human beings for 
better health and reduction of many diseases 
risk.8 Furthermore, several studies have shown 
their effects on several conditions including 
regulating carbohydrate and lipid metabolism 
by lowering blood glucose level.

The absorption and metabolism of different 
carbohydrates influence postprandial 
glucose, insulin and non-esterified fatty acid 
concentrations. These postprandial metabolisms 
mediate an important influence on disease 
risk including type 2 diabetes. Serum insulin 
concentration increases as carbohydrate intake 
increases, in which it is also influenced by various 
factors such as body mass index (BMI), age and 
gender,9,10 gastric emptying,11 gut hormone 
release,12 and viscosity of the gut contents.13 It is 
evident that lower versus higher GI foods tend 
to show an attenuated insulin response, except 
for dairy products because of whey protein 
stimulates insulin secretion.14, 15 

However, there are not yet fully understood on 
the effect of non-digestible fiber on glycemic and 
insulin responses, in which the available data 
are still conflicting. This explains that the effect 
may depend on physiological (fasting versus 
postprandial state) or disease (diabetes).1 The 
non-digestible ingredients surely will have only 
minimal impact on blood glucose and insulin 
levels, but may have a modulating effect on 
appetite. Therefore, there is a need to do a long-
term study to evaluate that inulin have an effect 
on reducing metabolic disease risks. However, 
such studies are very expensive, and as surrogate 
this study aims to see the effect of fiber-rich milk 
on the glycemic and insulin response as well as 
satiety feeling among healthy subjects, as an 
alternative approach to prevent hyperglycemia 
and its serious impact.

METHODS

This cross-over design study was conducted 
by following good clinical practice (GCP) and in 
compliance with the protocol at the Indonesian 
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Nutrition Association head office in Central Jakarta 
from May to June 2015. The protocol of this study 
has been approved by Medical  Ethics Committee, 
Faculty of Medicine Universitas Indonesia 
(No. 250/UN2.F1/ETIK/2015). Subjects were 
healthy male and female who were recruited 
by announcement to several offices in Central 
Jakarta. Subjects were screened on the following 
criterias, male and female, age range from 25 to 
40 years, BMI between 18.5–22.9 kg/m2, fasting 
glucose <100 mg/dL,16 total cholesterol of <200 
mg/dL, normal liver function [serum glutamic 
pyruvic transaminase (SGPT) laboratory test 
within normal range], normal kidney function 
(creatinine laboratory test within normal range), 
and no lactose intolerance. 

According to the 1998 FAO/WHO expert 
consultation on carbohydrates, six subjects 
would be required for glycemic index research. 
This study used 12 subjects based on Venn et al17 
recommendation of 10 subjects with the addition 
of 20% for drop outs. 

The screening process was done from May 12th 
to June 10th 2015, to get 35 males and females 
to be screened for the trial. Eight females and six 
males were eligible, and 12 subjects were chosen 
consecutively. 

The fiber-rich milk and equi-carbohydrate snack 
were given to the subjects in a cross-over protocol 
with each subject served as his or her own control. 
Subjects attended each examination day after 
consumed the same breakfast (350 Kcal) supplied 
by the researcher team between 5:00 to 6:00 a.m. 
The subjects were instructed not to consume 
unusually large meals or performed vigorous 
exercise on the previous day.  Each of the subjects 
consumed each of the two different tested meals, 
i.e. fiber-rich milk and an equi-carbohydrate 
snack (rice flour porridge), on separate occasions 
with a week wash out period. 

On the first examination day, subjects were 
given the fiber-rich milk as snack and an equi-
carbohydrate snack on the second examination 
day, a week after the first examination day. The 
fiber-rich milk was made up with 200 ml of warm 
water, and subjects were provided 600 ml of 
water to drink during each testing period. Each 
snack was given at 9:00 a.m and the subjects 
have to finish it in 12 minutes. The subjects were 

not allowed to consumed any additional food 
or drink during the three hours testing period, 
and remained in the testing place with minimal 
physical activity.  

Blood glucose and insulin levels were measured 
in venous whole blood, obtained by a trained 
phlebotomist from the cubital vein at before 
consuming the test snack and followed by at 30, 
60, 120, and 180 minutes after consumption 
of each test snack to provide blood glucose 
and insulin levels. Blood glucose and insulin 
level measurement were performed by Prodia 
Laboratory. Hexokinase method was used for blood 
glucose determination and chemiluminescence 
method was used for the determination of serum 
insulin level. 

The data were plotted against time to generate 
a curve. The incremental area under the curve 
(AUC) was calculated for glycemic and insulin 
response.18 The satiety and hunger data were 
obtained by clinical nutrition physician by using 
a visual analog scale (VAS) questionnaire after 
each blood sample withdrawn. Table 1 shows the 
compositions of the fiber-rich milk product.

The incremental area under the blood glucose 
response curves to each of the test snack was 
calculated geometrically using the trapezoid 
rule, ignoring the area below the baseline. Data 
were analyzed by using a general linier model 
(multiple measures ANOVA) for blood glucose 
response, insulin response, satiety and hunger 
VAS for each snack and time as fixed factors and 
subjects as random factors. The paired t test was 
used for comparing blood glucose AUC between 
two test snacks. The p<0.05 was considered 
as statistical significance. Statistical analysis 
was performed with SPSS for Windows v.20.0. 
Data were presented in mean±SD if normally 
distributed and in median (minimum-maximum) 
if not normally distributed. Normality of all data 
distribution was analyzed using Saphiro-Wilk 
test.
  

RESULTS

On the first examination day, one male subject 
did not come because could not leave his job. He 
was then replaced by another male subject. The 
screening process can be seen in Figure 1.
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From 12 recruited subjects, seven of the subjects 
were females. Average age of all the subjects was 
30.8±4.3 years old with average BMI of 20.6±1.6 
kg/m2.  Most of female subjects were housewives 
and most of male subjects were employees with 
senior high school graduated education. The 
subjects’ characteristics can be seen in Table 2. 

The postprandial blood glucose were different 
significantly between the two snacks at  baseline, 
30 minutes, and 120 minutes after meal.  The 
serum insulin level was significantly difference 
at 30 minutes after meal between the two snacks. 
Furthermore, there were significantly differences 
between the two snacks in VAS of hunger and 
satiety at 180 minutes after meal. In addition, 
area under the curve of glycemic response of 
fiber-rich milk was significantly lower than the 
equi-carbohydrate snack (p=0.010). Table 3 
shows the results of postprandial blood glucose 
and insulin response, satiety and hunger feeling 
of each test snack.

In this study, the pattern of the postprandial 
glycemic (p<0.001) and insulin (p=0.045) 
response were significantly different between the 
fiber-rich milk and equi-carbohydrate snack as 
shown in the Figures 2 and 3. The shape of the 
glucose response after consuming the fiber-rich 
milk was biphasic compared with the monophasic 
shape of the equi-carbohydrate snack. The 
peak of the blood glucose level in postprandial 
glycemic response at 30 minutes after meal was 
significantly lower after consuming the fiber-rich 
milk as compared to the equi-carbohydrate snack 
(p=0.001). There was no hypoglycemic episode 
after consuming fiber-rich milk. The same pattern 
was also shown for the postprandial insulin 
response. The highest insulin concentration after 

Nutrients Amount per serving

Total energy 250 Kcal
Energy from fat 60 Kcal

Total fat 7 g

Saturated fatty acid 1.5 g

Mono-unsaturated fatty acid 3 g

Poly-unsaturated fatty acid 2 g

Trans fat 0 g

Cholesterol 2 mg

Protein 9 g

Total carbohydrate     38 g

Lactose 10 g

Sucrose 0 g

Glucose 0 g

Dietary fiber 3 g

Inulin 2 g

Sodium 103 mg

Potassium 456 mg

Vitamin A 254 mcg

Vitamin C 27 mg

Vitamin D 3 mcg

Vitamin E 4 mcg

Vitamin K 11 mcg

Thiamine              0.43 mg

Riboflavin            0.3 mg

Niacin                  4.1 mg

Pantothenic acid    2.1 mg

Pyridoxine       0.5 mg

Folic acid         105 mcg

Vitamin B12     0.75 mcg

Calcium        585 mg

Phosphor     226 mg

Magnesium    130 mg

Iron  7 mg

Zinc                7.3 mg

Iodine          58 mcg

Selenium   14 mcg

Taurine 117 mg

L-Carnitine   35 mg

Choline       99 mg

Biotin          8 mcg

Copper      396 mcg
Chromium     55 mcg

Chloride       244 mg

Table 1. Nutrient information of the fiber-rich milk product 
per serving (serving size: 60 grams)

 

 

 

 

Figure 1. The screening process of the subjects
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Figure 2. Blood glucose response pattern over time between 
two foods (p<0.001 using general linear model-multiple 
measures ANOVA statistical analysis) 

consuming the fiber-rich milk at 30 minutes after 
meal was significantly lower than after consuming 
an equi-carbohydrate snack (p=0.028). 

Figures 4 and 5 show patterns of the postprandial 
hunger and satiety feeling over three hours testing 
time. There was a significant difference between 
patterns of the hunger feeling after consuming 
the fiber-rich milk and equi-carbohydrate snack 
(p=0.021). There was no significant difference 
between patterns of satiety feeling between two 

Male (n=5) Female (n=7) Total (n=12)
Age (years) 32.4±3.0 28 (25–40) 30.8±4.3
BMI (kg/m2) 22.7 (18.6–22.8) 20.2±1.1 20.6±1.6
Screening laboratory examination

Fasting glucose level (mg/dL) 83.4±4.0 81.7±3.7 82.4±3.8
Cholesterol level (mg/dL) 163.4±18.5 151.0±26.3 156.2±23.3
Creatinine level (mg/dL) 0.9±0.1 0.6±0.1 0.8±0.2
SGPT level (mg/dL) 19 (15–39) 18.0±5.7 18.5 (13–39)

Working status (n)
Employee 3 1 4
Housewife 6 6
Others 2 2

Educational status (n)
Elementary school graduated 2 2
Junior high school graduated 3 3
Senior high school graduated 4 2 6
Academy/university graduated 1 1

Table 2. Characteristics of subjects

BMI= body mass index; SGPT= serum glutamic pyruvic transaminase. Data are presented as mean±SD or median (min-max)

 

 

 

 

Figure 3. Serum insulin response pattern over time between 
two foods (p=0.045 using general linear model-multiple 
measures ANOVA statistical analysis)

test snacks (p=0.357). The patterns show that 
subjects’ hunger and satiety feeling were stable 
and there was no surge of hunger during the 
three hours testing period in the fiber-rich milk 
intervention. 

DISCUSSION

This study shows that the glycemic response of the 
fiber-rich milk was lower than the equi-carbohydrate 
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Assessment Fiber-rich milk Equi-carbohydrate snack p
Blood glucose response 

Baseline/0 minute (mg/dL) 80 (75–97) 75 (63–106) 0.039*

30 minutes after meal (mg/dL) 101.33±12.78 115.41±22.69 0.001†

60 minutes after meal (mg/dL) 78.00±9.08 79.58±21.96 0.494†

120 minutes after meal (mg/dL) 83.75±6.86 73.08±5.78 <0.001†

180 minutes after meal (mg/dL) 82.25±4.07 81.92±4.01 0.262†

Area under the curve of glycemic response (mg.mnt/dL) 889.62±490.33 1607.68±603.25 0.01†

Insulin response
Baseline/0 minute (µIU/mL) 4.65 (2–13.3) 4.15 (2–15.6) 0.767*

30 minutes after meal (µIU/mL) 24.45 (12.9–70.7) 47.73±21.50 0.028*

60 minutes after meal (µIU/mL) 20.05 (15.2–42.5) 28.12±11.94 0.182*

120 minutes after meal (µIU/mL) 8.64±4.31 4.5 (2–17.9) 0.147*

180 minutes after meal (µIU/mL) 4.80±2.64 3.15 (2–13) 0.109*

Hunger visual analog scale
Baseline/0 minute (cm) 3.25 (1.9–7.3) 3.56±1.82 0.683*

30 minutes after meal (cm) 2.15 (0.2–9.6) 1.96±1.68 0.158*

60 minutes after meal (cm) 2 (0–10) 3.15±2.47 0.721*

120 minutes after meal (cm) 3.86±3.22 5.14±3.09 0.107†

180 minutes after meal (cm) 4.05±3.25 7.05 (0.6–9.5) 0.008*

Satiety visual analog scale
Baseline/0 minute (cm) 9.35 (3.8–10) 6.89±2.05 0.582*

30 minutes after meal (cm) 8.65 (4.5–10) 9.25 (4.3–10) 0.689*

60 minutes after meal (cm) 9.4 (3.4–10) 7.60±2.19 0.346*

120 minutes after meal (cm) 6.67±3.14 5.79±2.39 0.405†

180 minutes after meal (cm) 6.84±2.97 4.50 (1.5–9.3) 0.026*

Table 3. Postprandial glycemic and insulin response, satiety and hunger feeling after consuming fiber-rich milk and equi-carbo-
hydrate snack

* Wilcoxon test; † paired t-test. Data are presented as mean±SD or median (min-max)

 

  

 

Figure 4. Hunger feeling pattern over time between two 
foods (p=0.021 using general linear model-multiple mea-
sures ANOVA statistical analysis)

 

  

 

Figure 5. Satiety feeling pattern over time between two 
foods (p=0.357 using general linear model-multiple mea-
sures ANOVA statistical analysis)
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snack. This is related to the low GI value of 30 for the 
dairy products,19 however, sweetener can increase 
the GI value of dairy products which are otherwise 
a low GI food. Brand-Miller et al18 concluded that 
dairy product containing maltodextrins, corn or 
glucose syrups that can increase the GI by more 
than  two folds, and glycemic load (GL) by  seven 
folds compared to milk powders with no added 
carbohydrates. Thus, the result of this study is 
aligned with the product composition, i.e. fiber-rich 
milk without added sugar.

In adults, the pattern of the glycemic response 
independently predicts the risk of type 2 diabetes. 
The incidence of type 2 diabetes can be reduced by 
decreasing insulin demand. A diet that produces 
higher blood glucose concentration and greater 
demand for insulin would increase the risk of 
type 2 diabetes.20 The shape of glucose curve 
during an oral glucose tolerance test (OGTT) 
can be used to identify metabolic dysregulation 
and the potential risk for future type 2 diabetes. 
Individual with a monophasic response (inverted 
U shape) exhibit greater insulin resistance 
and decreased β-cell function compared with 
individuals with a biphasic response (a second 
rise of plasma glucose after first decline).21 In 
this study, the glycemic response pattern in the 
fiber-rich milk product was a biphasic response 
compared with the inverted U shape in the equi-
carbohydrate snack. 

Serum insulin response pattern after consuming 
fiber-rich milk was significantly different as 
compared with the equi-carbohydrate snack, with 
lower peak. This finding was different as compared 
to Hoyt et al22 that dairy product (skimmed and 
whole milk) may increase serum insulin response. 
However, this result corresponded with the data 
of glycemic index foods that lactose as the source 
of carbohydrate has a low glycemic index with 
lower peak of insulin response as compared with 
glucose.23  

Many studies have been conducted to analyze the 
relationship between glycemic index and satiety 
with inconsistent results. Some studies found no 
effect of low GI food to suppress hunger while 
others found a significant increased in satiety 
feeling after consumption of the low GI diets. A 
review article by Bornet et al24 found that 12 out 
of 18 studies supported an inverse relationship 
between GI diets and satiety, and concluded 

that low glycemic index food produces high 
satiety feeling. This study showed no siginificant 
difference in the satiety and hunger feeling before 
consumption of the two snacks, and there was 
no significant difference in the satiety feeling 
after consumption between the two snacks. 
However, the hunger feeling after consumption 
was significantly different. LaCombe et al7 in 
their study found a significant difference between 
hunger scores before lunch in children four hours 
after consumption of breakfast meals differing 
in GI, indicating children were hungrier in the 
high GI group compared to the low GI group. 
No significant difference was observed between 
satiety scores after breakfast.

In conclusions, this study found that there are 
significant differences of the glycemic response, 
insulin response, and hunger feeling after 
consuming the fiber-rich milk compare with an 
equi-carbohydrate food. Thus, fiber-rich milk 
can be used as an alternative for snack in healthy 
adults to maintain stability of glycemic and insulin 
response to prevent the risk of type 2 diabetes, 
also to support diet program for those who tend 
to have a surge of hunger.  However, there is still a 
need for further study using the fiber-rich milk as 
compare with milk without fiber as an alternative 
for snack to support blood glucose management in 
pre-diabetic patients for a longer period of time.
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ABSTRAK

Latar belakang: Penelitian sebelumnya telah menunjukkan 
bahwa terdapat peningkatan E/e’ pada pasien dengan 
preeklampsia, tetapi belum terdapat data apakah peningkatan 
tersebut tetap terjadi setelah melahirkan. Tujuan penelitian 
ini adalah untuk membandingkan fungsi diastolik pada 
pasien preeklampsia saat prepartum dan postpartum dengan 
menggunakan parameter E/e’.

Metode: Penelitian ini merupakan penelitian kohort prospektif 
dari pasien dengan diagnosis preeklampsia yang dirawat 
untuk terminasi kehamilan. Karakteristik dasar diperoleh 
dari semua sampel. Pemeriksaan ekokardiografi dilakukan 
prepartum, 48-72 postpartum, dan 40-60 hari postpartum. 
Analisis post hoc dengan menggunakan metode least significant 
difference dilakukan untuk membandingkan hasil antar waktu 
pengukuran.

Hasil: Terdapat 30 sampel pada penelitian ini. Analisis 
E/e’ menunjukkan adanya perbedaan bermakna antara 
prepartum E/e’ dan 40 hari postpartum E/e’ (11,87±3,184 
vs 9,43±2,529), p=0,001, CI=1,23-3,751), dan antara 48 
jam postpartum dengan 40 hari postpartum (12,12±2,754 
vs 9,43±2,529), p<0,001, CI=1,615-3,771). Tidak terdapat 
perbedaan bermakna antara prepartum E/e’ dan 48 jam 
postpartum E/e’ (11,87±3,184 vs 12,12±2,754), p=0,633, 
CI=-1,345- 0,832).

Kesimpulan: Penelitian ini menunjukkan disfungsi diastolik 
pada pasien preeklampsia tetap terjadi sampai beberapa hari 
setelah melahirkan, tetapi membaik dalam waktu 40 hari 
setelah melahirkan yang ditunjukkan melalui tissue doppler 
imaging.

ABSTRACT

Background: Prior studies have compared the E/e’ elevation 
in preeclampsia patients to normal patients, however there 
are no data whether this elevation persists after birth. 
The aim of this study is to analyze diastolic function in 
preeclampsia patients during pre- and post-partum period 
using E/e’ parameter measurement.

Methods: This is a prospective cohort study of pregnant 
women with preeclampsia who were hospitalized and planned 
for pregnancy termination. Basic clinical characteristics 
were obtained from all samples. Echocardiography was 
done prepartum, 48-72 hours after termination, and 40-60 
days postpartum. Post hoc analysis using least significant 
difference method was used to compare the results between 
measurements.

Results: 30 subjects were enrolled in the study. Analysis on 
E/e’ characteristics showed statistical difference between 
prepartum E/e’ and 40 days postpartum E/e’ (11.87±3.184 
vs 9.43±2.529, p=0.001, CI=1.123-3.751), as well as between 
48 hours post-partum and 40 days post-partum period 
(12.12±2.754 vs 9.43±2.529, p<0.001, CI=1.615-3.771). 
There were no statistical differences between pre-partum 
E/e’ and 48 hours post-partum E/e’ (11.87±3.184 vs 
12.12±2.754, p=0.633, CI=-1.345-0.832).

Conclusion: This study showed diastolic dysfunction in 
preeclampsia patients persists up until a few days after 
birth, but resolves in time (40 days after birth) as measured 
by tissue doppler imaging.
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Hypertension is one of pregnancy complications, 
and the leading cause of global maternal 
morbidity and mortality. This condition is 
commonly precipitated by preeclampsia and its 
comorbidities.1 Preeclampsia occurs when there 
is overexpression of pro-inflammatory factors, 
anti-angiogenic factors, and angiogenic factors 
that cause systemic endothelial cell dysfunction 
with exaggerated inflammatory response 
and vasoconstriction.2 Vasoactive hormones 
play an important role in the pathogenesis 
of preeclampsia; they are the primary link 
between placental hypoperfusion, hypertension, 
systemic complications, as well as proteinuria. 
In preeclampsia, vasoconstriction and fluid 
retention occur, thus diastolic dysfunction 
becomes a significant hemodynamic change in 
these patients.1 

A study compared the diastolic functions in 
preeclampsia patients using tissue doppler 
imaging (TDI) parameter (E/e’) in 115 
women (first pregnancy) which comprised 52 
preeclampsia patients and 63 normotensive 
patients. The result was an increase of E/e’ value 
in preeclampsia patients compared to their 
normal counterpart.  This study also found that 
plasma brain natriuretic peptide (BNP) elevation 
in preeclampsia patients reflected an increase 
in cardiac workload, confirmed by elevation in 
antepartum period and significant decrease in 
postpartum period.1 

Prior studies have compared the E/e’ elevation 
in preeclampsia patients to their normal cohort, 
however there are no data whether this elevation 
persists after birth. The aim of this study is 
to analyze diastolic function in preeclampsia 
patients during pre- and post-partum period 
using E/e’ parameter measurement.

METHODS

This was a prospective cohort study of pregnant 
women with preeclampsia who were hospitalized 
and planned for pregnancy termination. Subjects 
were taken consecutively from Harapan 
Kita Maternity Hospital and Budi Kemuliaan 
Maternity Hospital, Jakarta, Indonesia, from April 
until October 2015. The protocol of this study has 
been approved by The Committee on Institutional 
Review Board/Health Research Ethics of 

national Cardiac Center “Harapan Kita” Hospital 
(No. LB.02.01/VII/087/KEP.015EV/2016). The 
exclusion criteria were refusing to participate 
in the trial after informed consent, prior history 
of hypertension, diabetes mellitus, smoking, 
immunological disorder, valvular heart disease or 
ejection fraction <50%, and/or kidney disease with 
glomerular filtration rate of <30 mL/min/1.73 m2. 
Preeclampsia was defined as de novo hypertension 
followed by significant proteinuria (new onset) 
of >0.3 g/24 hr. Edema was no longer included in 
diagnosis criteria, since edema occurs in 60% of 
normal pregnancy.3 

Basic clinical characteristics were obtained 
from all samples. Echocardiography was done 
prepartum, 48–72 hours after termination, and 
40–60 days postpartum. Echocardiography 
was performed by an experienced sonographer 
and validated by an echocardiography 
consultant. E/e’ parameter was calculated from 
four chamber views according to American 
Society of Echocardiography (ASE) guideline.4 
Measurement was obtained with volume sample 
put right on or within 1 cm of mitral valve 
insertion for e’ wave and adjusted as necessary to 
stay in the annulus when longitudinal excursion 
occurs during systolic and diastolic periods. For 
E wave measurement a 1-mm to 3-mm sample 
volume is placed between the mitral leaflet tips 
during diastole, and optimized according to ASE 
guideline.5 

Normality test was done using Shapiro-Wilk test. 
Post-hoc analysis using least significant difference 
method was used to compare the results between 
measurements. Normal distribution data are 
presented in mean with standard deviation, 
whereas the abnormal distribution data are 
presented in median with maximum and minimum 
value. This study has been approved by the local 
Institutional Review Board/Health Research 
Ethics Committee No. LB.02.01/VII/087/KEP.015 
EV/2016.

RESULTS

Thirty subjects were enrolled in the study. Sample 
characteristics are presented in Table 1 and 2.

Table 2 shows the difference among 
characteristics from time to time, prepartum 
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Characteristics Prepartum (n=30)
Age in years, mean + SD 28.53±6.42
Body mass index, mean + SD 27.43±5.68
Gestational age on delivery in weeks, 
median (min-max)

37 (20–40)

Edema, n (%)
General 2 (6.7)
Peripheral 18 (60.0)
Lung edema, presence, n (%) 2 (6.7)
Parital status, primipara, n (%) 19 (63.3)
Prior history of preeclampsia, presence, 
n (%)

3 (10.0)

Familial history of preeclampsia, 
presence, n (%)

4 (13.3)

History of abortion, presence, n (%) 2 (6.7)

History of intrauterine fetal death, 
presence, n (%)

4 (13.3)

History of stillbirth, presence, n (%) 1 (3.3)

Table 1. Basic characteristics

Characteristics Pre-partum
n=30

48 hours post-partum
n=30

40 days post-partum
n=30 *

SBP (mmHg), median (range) 160 (135–205) 140 (120–170) 130 (115–180) <0.001
DBP (mmHg), median (range) 100 (70–140) 90 (70–105) 85 (70–110) <0.001
HR (bpm), median (range) 96 (68–130) 88 (67–104) 76.5 (62–99) <0.001
Ejection fraction (%), mean + SD 67.37±6.00 65.17±4.84 64.77±5.82 0.007
TAPSE (cm), mean + SD 2.57±0.36 2.58±0.25 2.47±0.30 0.145
Stroke volume (mL), mean + SD 66.47±10.95 66.63±10.89 62.93±9.77 0.037
mPAP (mmHg), median (range) 15 (5–25) 10 (5–25) 10 (5–20) 0.073

Table 2. Sample characteristics during pre-partum, 48 hours post-partum, and 40 days post-partum periods

* based on repeated measured ANOVA analysis; TAPSE= tricuspid annular plane systolic excursion; mPAP= mean pulmonary 
artery pressure; SBP= systolic blood pressure; DBP= diastolic blood pressure; HR= heart rate

period, 48 hours postpartum period, and 40 days 
post-partum period. Systolic and diastolic blood 
pressure as well as heart rate showed a decrease 
from prepartum period until 40 days postpartum 
period (p<0.001).

There was significant difference on ejection 
fraction between pre-partum and 48 hours 
postpartum period (p=0.005, CI=0.708- 3.692), 
as well as pre-partum and 40 days postpartum 
period (p=0.013, CI=0.591-4.609). Tricuspid 
annular plane systolic excursion (TAPSE) 

measurements showed no significant difference 
between each period. Analysis of stroke volume 
showed a statistical difference between pre-
partum and 40 days post-partum period (p=0.024, 
CI=0.502-6.565) as well as between 46 hours 
post-partum and 40 days post-partum period 
(p=0.019, CI=0.658-6.742). There is no significant 
difference in mean pulmonary artery pressure 
(mPAP) value from time to time (p=0.073). 

Normality test on E/e’ data using Shapiro-Wilk’s 
test showed a normal distribution data (p value 
of >0.05). Figure 1 provides the data for patients’ 
diastolic function measured with TDI.

Analysis on E/e’ characteristics showed 
statistical difference between pre-partum E/e’ 
and 40 days post-partum E/e’ (11.87±3.184) vs 
9.43±2.529, p=0.001, CI=1.123-3.751), as well 
as between 48 hours post-partum and 40 days 
post-partum period (12.12±2.754 vs 9.43±2.529, 

 

 

 P=0.633  
P=0.001 P<0.001  

Figure 1. Diastolic function in preeclampsia patients. based 
on post-hoc analysis test
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p<0.001, CI=1.615-3.771). There were no 
statistical differences between pre-partum E/e’ 
and 48 hours post-partum E/e’ (11.87±3.184 vs 
12.12±2.754, p=0.633, CI=-1.345-0.832).

After adjustment on age, body mass index, 
edema, lung edema, and heart rate parameters, 
a significant difference of E/e’ ratio still persists 
between pre-partum period and 40 days post-
partum period (11.87±3.184 vs 9.43±2.529, 
p=0.001, CI=1.048-3.825), as well as 48 hours 
post-partum period and 40 days post-partum 
period (12.12±2.754 vs 9.43±2.529, p<0.001, 
CI=1.583-3.804). There were no statistical 
differences between pre-partum E/e’ and 48 hours 
post-partum E/e’ (11.87±3.184 vs 12.12±2.754, 
p=0.66, CI=-1.445-0.931) (Figure 2).

DISCUSSION

E/e’ measurement compared to strain rate 
examination was proven to have similar accuracy 
in diagnosing diastolic dysfunction in heart failure 
patients with normal ejection fraction.6

Normal E/e’ value is influenced by age, e’ value 
will increase in accordance with age. Normal 
septal e’ value for 16-20 years of age is 14.9±2.4 
cm/s, for 21-40 years is 15.5±2.7, for 41-60 
years is 12.2±2.3, and for >60 years is 10.4±2.1.5 
Aside from age, body mass index also influences 
diastolic function, overweight and obese 
patients independently have negative effects on 

 

 

 P=0.66   P=0.001  P<0.001  

 

 

 P=0.66   P=0.001  P<0.001  

Figure 2. Diastolic function in preeclampsia patients adjust-
ed to age, body mass index, edema, lung edema, and heart 
rate. based on analysis of covariant to compare differences 
between measurements

diastolic function as measured by tissue Doppler 
imaging.7 Previous research also showed that 
E/e’ parameter is influenced by preload, which 
in this research is showed by edema: peripheral, 
general, and lung edema.8 Heart rate frequency 
also influences E and e’ value.9 Therefore, analysis 
of covariant was performed adjusted to age, body 
mass index, cardiac preload, as well as heart rate 
parameters.

Prior research showed physiologic remodelling 
during pregnancy such as an increase in left 
ventricular septal thickness, left ventricular 
posterior wall thickness, as well as heart chamber 
size and mass caused by the increase of blood 
volume during pregnancy (which will increase 
cardiac pre-load) while systolic and diastolic 
function measured by global longitudinal strain 
rate was still normal.10 

However, this research showed the presence of 
diastolic dysfunction in preeclampsia patients 
during pregnancy, post-partum period, and 
follow-up period, as measured by E/e’ parameter. 
This conclusion is supported by previous studies 
on pregnant women suffering from preeclampsia, 
where there is an increase of septal E/e’ ratio and 
lateral E/e’ ratio during pregnancy up until three 
to six months after delivery.11 

These changes may be caused by several reasons. 
During a normal pregnancy, there is a physiologic 
remodeling by fetal syncytial trophoblasts 
which penetrate and remodel maternal arteries, 
causing them to dilate into large, flaccid vessels. 
This remodeling accommodates the increased 
maternal circulation needed for adequate 
placental perfusion during pregnancy. However 
in preeclampsia patients this remodeling is 
somehow prevented, which causes increased 
left ventricle (LV) wall thickness and mass more 
pronounced than in normal pregnancy, but less 
pronounced LV widening.12 This concentric 
hypertrophy develops secondary to the increased 
LV workload that accompanies the elevated blood 
pressure.13 Subsequently impaired diastolic 
function will occur as shown by increased E/e’ 
ratio. 

Generally once the placenta is delivered there 
will be a large shift of fluid, but women with 
severe and early onset of disease may worsen 
before getting better.12 Even in normal pregnancy, 
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the increase of systolic and diastolic blood 
pressure still persisted in 48 hours postpartum, 
and start to return to the same values as those 
in 12 weeks of pregnancy, at two to six months 
after delivery.14 This might explained the non-
significant changes in diastolic function between 
pre partum and 48 hours postpartum, but there 
are significant changes between prepartum and 
40 days postpartum, and between 48 hours and 
40 days postpartum. Other study also showed 
that the physiologic changes of preeclampsia are 
completely reversible after delivery.12

In conclusion, this study showed diastolic 
dysfunction in preeclampsia patients persists 
up until a few days after birth, but resolves in 
time (40 days after birth) as measured by tissue 
doppler imaging.
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ABSTRAK

Latar belakang: Infark miokard dengan gelombang Q (QMI) 
memiliki mortalitas yang lebih tinggi dan viabilitas miokard 
yang lebih rendah dibanding infark miokard tanpa gelombang 
Q (NQMI) yang merefleksikan bahwa keberadaan gelombang Q 
patologis menggambarkan fungsi ventrikel yang lebih buruk. 
Penelitian ini bertujuan untuk mengetahui perbedaan nilai 
fraksi ejeksi ventrikel kiri (LVEF) antara QMI dan NQMI.

Metode: Desain penelitian ini adalah potong lintang analitik 
yang dilakukan pada pasien IMA yang dirawat dan menjalani 
pemeriksaan ekokardiografi di RSUD Abdul Wahab Sjahranie, 
Samarinda pada Februari 2014 hingga Maret 2015. Pemeriksaan 
elektrokardiogram standar 12-sadapan (EKG) dilakukan pada 
saat presentasi, hari kedua dan ketiga sejak onset IMA serta 
menggunakan kriteria “classic” untuk gelombang Q patologis. 
Penilaian LVEF dilakukan menggunakan ekokardiografi setelah 
hari kedua sejak onset IMA. Uji independen T digunakan untuk 
mengetahui perbedaan LVEF menggunakan PSPPIRE 0.8.4.

Hasil: Selama penelitian diperoleh 34 subyek yang terdiri dari 
16 pasien QMI dan 18 pasien NQMI. QMI memiliki LVEF yang 
lebih rendah (42±13%) dibanding NQMI (60±11%, p<0,001). 
Keberadaan gelombang Q patologis berhubungan dengan nilai 
LVEF ≤40% (p=0,002).

Kesimpulan: QMI memiliki LVEF yang lebih rendah dibanding 
NQMI, memberikan informasi peran gelombang Q patologis 
sebagai indikator LVEF.

ABSTRACT

Background: Q-wave myocardial infarction (QMI) has 
higher mortality and lower myocardial viability than non-Q-
wave myocardial infarction (NQMI), suggesting the existence 
of pathological Q waves reflects the worse ventricular 
function. The aim of the study is to determine difference in 
left ventricular ejection fraction (LVEF) between QMI and 
NQMI.

Methods: The study design was cross-sectional analysis 
conducted in patients with AMI that were hospitalized and 
undergone echocardiography in Abdul Wahab Sjahranie 
County General Hospital Samarinda during February 2014 
to March 2015. Standard 12-lead electrocardiograms (ECG) 
were recorded at presentation, 1 day and 2 days after 
the onset of AMI as well as using the classical criteria for 
pathological Q wave. LVEF assessment was performed using 
echocardiography after the second day since the onset of 
AMI. Independent-T test was used to determine difference in 
LVEF using PSPPIRE 0.8.4.

Results: There were 34 subjects comprising 16 QMI patients 
and 18 NQMI patients.  QMI had a lower LVEF (42±13%) 
compared to NQMI (60±11%, p<0.001). The presence of 
pathological Q waves was associated with LVEF ≤40% 
(p=0.002).

Conclusion: QMI had a lower LVEF than NQMI, provides 
information about the role of pathological Q wave as an 
indicator of LVEF.
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Acute myocardial infarction (AMI) can be 
classified into Q-wave myocardial infarction 
(QMI) and non-Q-wave myocardial infarction 
(NQMI) based on the presence of pathological 
Q waves.1 Most QMI is a final diagnosis of ST-
elevation myocardial infarction (STEMI) and 
a small portion is a final diagnosis of non-ST-
elevation myocardial infarction (NSTEMI).2 
Myocardial viability is lower in QMI.3,4 Mortality 
and the incidence of congestive heart failure and 
cardiogenic shock are higher in QMI.5-7

Pathological Q wave in the AMI is an abnormal 
negative deflection in electrocardiogram (ECG) 
which indicates a significant cardiac electrical 
abnormality.1,8,9 The conditions that responsible 
in the formation of pathological Q wave are 
myocardial necrosis, hibernation, and stunning, 
those are known as the causes of ventricular 
contractile dysfunction.3,8-11

Left ventricular ejection fraction (LVEF) is an 
indicator of ventricular function that can be used 
to assess ventricular systolic function in AMI 
patients. Left ventricular systolic function can be 
measured non-invasively using echocardiography 
as LVEF.

Because there were evidences that pathological 
Q wave reflecting the abnormal conditions 
of myocardium, we had hypothesized that 
pathological Q wave had a potential as an indicator 
of LVEF. The aim of this study was to determine 
difference in LVEF between QMI and NQMI.

METHODS

This study was cross-sectional analysis. 
The subjects were patients with AMI for the 
first time who were treated and undergone 
echocardiography in period of February 2014 
to March 2015 in the Abdul Wahab Sjahranie 
Samarinda County General Hospital as the referral 
center in East Kalimantan. The thrombolytic 
therapy, anticoagulant, antiplatelet and other 
medical therapy were used as standard therapy 
as indicated. All data were obtained from medical 
record archives. AMI was defined as the presence 
of manifestation of acute coronary syndrome, 
cardiac biomarker rise above the upper limit of 
normal values based on local laboratory, and 
evidence of ECG that support the diagnosis. 

Subjects with QRS confounders (such as left 
bundle branch block), and/or poor quality ECG 
were excluded.

The diagnosis of QMI was based on the appearance 
of pathological Q waves in AMI in one or more ECG 
measurement in the specific time with the typical 
evolution pattern of infarction. The specific 
time defined as the first three measurements of 
the ECG that include at presentation, one day, 
and two days after the onset of AMI. Standard 
12-lead ECGs were recorded at specific time 
in order to bring enough time to evaluate 
the appearance of pathological Q wave, thus, 
enabling to determining the final diagnosis of 
the type of infarction and to evaluate the typical 
evolution pattern of infarction. The pathological 
Q wave was defined by using classical criteria for 
pathological Q wave that defined as Q-wave with 
a duration ≥40 ms and/or a depth ≥25% of the 
R-wave in the same lead or the presence of a Q 
wave equivalent, the Q wave must be contained 
in ≥2 leads to the same lead group. When the 
pathological Q waves were present in the one or 
more ECG measurement in the first three ECG 
measurements (at presentation, one day, and two 
days after the onset of AMI), then, the diagnosis 
was QMI, if the waves were not present, the 
diagnosis was NQMI (Figure 1).

The LVEF examination was performed using 
echocardiography. The assessment was carried 
out by operators who did not know the status of 
participation of the subjects in the study. LVEF 
assessment technique using the M-mode (1-D) 
echocardiography or Simpson’s method. Philips© 
echocardiography machines were used in this 
study. The LVEF examination was performed after 
the second day since the subjects were hospitalized.

Continuous variables were expressed as mean 
and standard deviations for data that not skewed 
or median (25th percentile, 75th percentile) for 
skewed data. Categorical variables were expressed 
as frequency with percentage. Independent T test 
was used to compare the characteristics expressed 
as continuous variables. The chi square test 
was used to compare noncontinuous variables. 
Statistical significance is obtained when p<0.05. 
All analyses were done using PSPPIRE 0.8.4.

The study protocol was approved by the Research 
Ethics Committee on Faculty of Medicine 
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Universitas Mulawarman (No. 74/KEPK-FK/
IV/2015).

RESULTS

During the study, we recruited 34 subjects 
consisting of 16 QMI patients and 18 NQMI 
patients. The subject characteristics at hospital 
admission are shown in Table 1. The youngest 
age was 31 years, while the oldest was 74 years 
with mean age of the subjects was 54±11 years 
(Table 1).

Approximately 30% of the LVEF assessments 
were done using Simpson’s method. The mean 
LVEF of all subjects was 52±15%, the lowest 
value (22%) was contained in the QMI subject 
(Figure 1) while the highest LVEF (81%) was 
contained in the NQMI subject. Analysis of 
LVEF difference between QMI and NQMI was 
performed using Independent T test. QMI had a 
lower LVEF than NQMI (42±13% and 60±11%, 
p<0.001). A total of 56% of the QMI subjects had 
LVEF ≤40%, while 6% of the NQMI subjects had 
the value (p=0.002).

Characteristics QMI
(n=16)

NQMI
(n=18)

Age, years* 53±9 55±12
Men, n(%) 12(75) 8(44)
History, n(%)

Diabetes mellitus 5(31) 5(28)
Hypertension 10(63) 10(56)

Heart rate, bpm† 86(79, 90) 80(74, 86)
Systolic blood pressure, 
mmHg*

131±22 139±27

Diastolic blood pressure, 
mmHg*

86±15 89±13

Troponin-T on admission, 
ng/L †

162(75, 820) 75(63,142)

Table 1. Subject characteristics

* mean±standard deviation; † median(25 th percentile, 75 
th percentile); NQMI= non-Q-wave myocardial infarction; 
QMI= Q-wave myocardial infarction

 

 
Figure 1. Subject with left ventricular ejection fraction (LVEF) 22%. Pathological Q waves in I, aVL, V2, V3, V4 , V5, and V6

DISCUSSION

Acute myocardial infarction causes changes 
in myocardial performance. The decreased 
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blood flow causes electrical and mechanical 
disturbances in the myocardium. Significant 
electrical disturbances can lead to appearance of 
pathological Q waves on ECG.1

Pathological Q wave is associated with a state 
of myocardial hibernation, stunning, and 
necrosis.3,8-11 Severe blockage of myocardial blood 
flow in a long time tends to cause myocardial 
necrosis while the lighter flow allows the 
myocardium last longer through the mechanism 
of myocardial hibernation though both can cause 
myocardial contractile dysfunction.12,13 The 
contractile dysfunction can also occur despite 
reperfusion has been done with the flow of 
blood that has been normal or nearly normal 
in the condition of myocardial stunning.14 The 
extent of myocardial damage is correlated to the 
pathological Q wave amplitude and the decreased 
ventricular contractile work.15,16

Our study confirmed the role of pathological Q 
wave as an indicator of LVEF. As the pathological 
Q waves appeared in ECG at the specific time, 
then, the lower LVEF was suggested. This 
study also found the association between the 
appearance of the waves and LVEF ≤40%. These 
findings confirm the theory of the conditions that 
responsible in the formation of the pathological 
Q wave that potentially lowering the ventricular 
function. The lower LVEF in QMI also confirms 
the prognosis role of the pathological Q wave, as 
the worse prognosis is prominent in subject with 
reduced ventricular function in AMI.

Another study by Delewi et al17 showed similar 
results, the subjects were STEMI patients 
undergoing primary percutaneous coronary 
intervention (PPCI) where QMI had a lower 
LVEF than NQMI (37±8% and 45±8%, p=0.001). 
Although they used different subjects and used 
cardiac magnetic resonance (CMR) to calculate 
the LVEF, their results also showed the similar 
meaning of the appearance of pathological Q 
waves, the similar pathophysiological mechanism 
may be responsible in this situation.

A study by Tao et al15 found a negative correlation 
between LVEF and pathological Q wave amplitude 
in experimental animals. This finding suggests 
that the pathological Q waves are not only the 
indicator of the lower LVEF but also tell us the 
severity of the reduced LVEF, but a study in 

human is still needed. Our study did not evaluate 
the meaning of the amplitude as we focus in the 
appearance of the wave.

In contrast, study by Yang et al18 showed there 
was no difference in LVEF between QMI and NQMI 
(25±11% and 28±10%, p>0.05), their subjects 
were patients with history of AMI (more than one 
month after AMI) with ventricular dysfunction.18 
The difference of their result with our finding 
may be resulted from many factors, such as the 
difference of subject selection criteria (we used 
subjects with the first AMI event), the time of 
LVEF assessment (time-dependent ventricular 
remodelling), pathological Q waves regression 
events, the recovery of stunned myocardium, 
ischemic preconditioning events, and the timing 
and types of the treatment.

There was difference in LVEF between NSTEMI 
and non-Q-STEMI (55.5±9.5% and 46.6±7.3%, 
p<0.001), and between NSTEMI and Q-STEMI 
(55.5±9.5% and 43.1±7.8%, p<0.001), but no 
difference was found between non-Q-STEMI and 
Q-STEMI (46.6±7.3% and 43.1±7.8%, p>0.05) on 
study by Plein et al.19 

There are several theoretical explanations to 
our results. The classical criteria that we used in 
our study are associated with size of infarction.17 
Study by Pride et al16 showed LVEF had negative 
correlation with the size of infarction.16 Subjects 
without pathological Q wave have the lowest size 
of infarction and subjects with pathological Q 
wave in line with the increase in Q wave amplitude 
have the increasing infarct size,15,20 NQMI has 
myocardial necrosis amount sufficient to increase 
the value of biomarkers of myocardial damage 
but not enough to produce abnormal deflection 
in ECG namely pathological Q waves.1

Myocardial necrosis has a role as the condition 
that makes QMI had a lower LVEF. Myocardial 
necrosis has long been known as the condition 
that responsible for the formation of pathological 
Q waves. Electrophysiological mechanisms of 
formation of pathological Q waves are explained 
through the theory of electrical window using 
zones of necrosis.9 Subjects with pathological 
Q waves have a lower myocardial viability 
than subjects without pathological Q waves on 
an assessment using the dobutamine stress 
echocardiography (DSE).3 Study conducted by 
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Ananthasubramaniam et al4 showed subjects 
with pathological Q wave had more myocardial 
scars.

Hibernation and myocardial stunning are 
conditions that also have a role in the formation 
of pathological Q waves and the decrease in 
LVEF. A Study that conducted by Sztajzel and 
Urban10 stated that the pathological Q waves did 
not only indicate myocardial necrosis but also 
stunning and hibernation, this was evidenced 
by the presence of pathological Q waves 
reversibility. Study by Delewi et al17 showed 
that regression of pathological Q waves was an 
indicator of the increase in LVEF that also showed 
the reversibility of pathological Q waves as an 
indicator of reversible myocardial dysfunction.17 
Study conducted by Voon et al11 using Tl-201 
myocardial perfusion single photon emission 
computed tomography (SPECT) showed that 
regression of pathological Q wave indicating an 
improvement of hibernation and/or stunning.11

This study had several limitations. The number 
of subjects was small. The techniques used for 
LVEF assessment for AMI patients in Abdul Wahab 
Sjahranie hospital were varied, and M-mode (1-D) 
echocardiography technique was dominantly used 
in this study. M-mode (1-D) echocardiography 
is not accurate than other echocardiography 
technique (2-D Simpson’s method and 3-D 
echocardiography) especially in conditions where 
ventricular geometry is not uniform.21,22 Myocardial 
viability was not assessed in this study so the 
underlying conditions (hibernation, stunning, 
and necrosis) that responsible in the decrease of 
LVEF cannot be determined clearly. However, our 
result can be more generalized for the AMI patient 
that undergone non-PPCI management such as 
thrombolytic therapy, anticoagulant, antiplatelet 
and/or other medications that still be used in 
many settings.

In conclusion, the existence of pathological Q 
waves reflected the worse ventricular function. 
It provides information about the role of 
pathological Q wave as an indicator of ventricular 
function especially LVEF in AMI. The appearance 
of the waves not only can predict the lower LVEF 
but also should be the sign of indication of more 
aggressive treatment and evaluation as the poor 
ventricular function has a worse prognosis in the 
short-term and long-term period.
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ABSTRAK

Latar belakang: Hipertensi akibat kehamilan merupakan 
penyebab utama morbiditas dan mortalitas ibu dan anak di 
seluruh dunia. Penelitian ini bertujuan untuk mengetahui 
pengaruh hipertensi akibat kehamilan terhadap pertumbuhan 
fetus.

Metode: Studi potong lintang dilakukan pada 2.076 pasien 
obstetri yang terdaftar dalam buku registrasi gawat darurat 
Badan Layanan Umum Daerah (BLUD) RSUD Ende dari 1 
September 2014 hingga 31 Agustus 2015. Hipertensi akibat 
kehamilan dibagi menjadi hipertensi gestasional, preeklamsia, 
dan preeklamsia berat. Analisis komparatif kategorik chi-
square dilanjutkan analisis multivariat regresi logistik 
dilakukan untuk mengetahui pengaruh hipertensi akibat 
kehamilan terhadap luaran pertumbuhan bayi.

Hasil: Wanita dengan preeklamsia memiliki jumlah persalinan 
preterm yang lebih tinggi (26,7%). Bayi yang lahir dari wanita 
preeklamsia memiliki berat lahir (median 2.575 gram; p<0,001), 
panjang lahir (median 49 cm; p<0,001), dan lingkar kepala 
(median 32 cm; p<0,001) lebih rendah daripada wanita normal. 
Preeklamsia berat memiliki hubungan statistik yang bermakna 
terhadap luaran bayi yang kecil masa kehamilan (OR=1,90; 
95% CI=1,20-3,01; OR penyesuaian=1,91; 95% CI=1,20-3,01) 
dan besar masa kehamilan (OR=2,70; 95% CI=1,00-7,29; OR 
penyesuaian=2,92; 95% CI=1,07-8,00). Berdasarkan berat lahir, 
preeklamsia berat memiliki pengaruh yang bermakna secara 
statistik terhadap BBLSR (OR=11,45; 95% CI-2,77-47,38; OR 
penyesuaian=8,68; 95% CI=1,57-48,04) dan BBLR (OR=6,57; 
95% CI=4,01-10,79; OR penyesuaian=5,71; 95% CI=3,33-9,78).

Kesimpulan: Wanita dengan hipertensi akibat kehamilan yang 
memiliki bayi KMK atau BBLSR atau BBLR disebabkan oleh 
model hipoperfusi sebagai patogenesis preeklamsia. Sementara 
itu, bayi BMK disebabkan oleh kompensasi dari penurunan 
perfusi uteroplasenta maupun penyakit penyerta lain, seperti 
obesitas atau diabetes mellitus dalam kehamilan.

ABSTRACT

Background: Pregnancy-induced hypertension (PIH) is still 
a major cause of maternal and infant morbidity and mortality 
worldwide. The aim of this study to investigate the impact of 
PIH on fetal growth.

Methods: A longitudinal cross-sectional study was conducted 
by 2,076 obstetric patients registered in the book of delivery 
emergency room BLUD RSUD Ende/ Ende hospital from 
September 1st 2014 to August 31st 2015. Pregnancy-induced 
hypertension was classified into gestational hypertension, 
preeclampsia, and severe preeclampsia. Categorical 
comparative chi-square continued by logistic regression 
analysis were performed to examine the effect of PIH to 
infants’ growth outcome.

Results: Women with preeclampsia had higher number of 
preterm delivery (26.7%). Infants born from preeclamptic 
women had lower birth weight (median 2,575 gram; 
p<0.001), birth length (median 49 cm; p<0.001), and also 
head circumference (median 32 cm; p<0.001). Severe 
preeclampsia contributed statistically significance to SGA 
(OR=1.90; 95% CI=1.20-3.01; adjusted OR=1.91; 95% 
CI=1.20-3.01) and LGA (OR=2.70; 95% CI=1.00-7.29; 
adjusted OR=2.92; 95% CI=1.07-8.00). Based on birth weight 
independent of gestational age, severe preeclampsia had an 
impact to VLBW (OR=11.45; 95% CI=2.77-47.38; adjusted 
OR=8.68; 95% CI=1.57-48.04) and LBW (OR=6.57; 95% 
CI=4.01-10.79; adjusted OR=5.71; 95% CI=3.33-9.78) where 
it showed statistical significance. 

Conclusion: PIH women who had SGA or VLBL or LBW 
infants were caused by the hypoperfusion model as the 
pathogenesis of preeclampsia. Meanwhile, LGA infants born 
by preeclamptic women were due to the compensation 
of the decrease from uteroplacental perfusion or other 
diseases such as obese mother or gestational.diabetes 
mellitus.
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Pregnancy-induced hypertension (PIH), especially 
preeclampsia, is still a major cause of maternal 
and infant morbidity and mortality worldwide.1 
The prevalence in worldwide ranges from 3% 
to 8% of all pregnancies; meanwhile in USA, it 
affects from 2% to 5% of pregnancies.2 Based on 
Riset Kesehatan Dasar 2007 in Indonesia, PIH is 
one of three main causes of maternal morbidity 
and mortality of which its prevalence was 
around 12.7%.3 Unfortunately, several studies 
still cannot reveal the etiology and pathogenesis 
of preeclampsia.1 Many theories indicate that 
intrauterine growth restriction which impacts to 
low birth weight is the result of the decrease of 
placental perfusion.4

In most cases of preeclampsia, the pregnant 
women have no history of hypertension. Several 
risk factors predispose women to preeclampsia 
including nulliparity, age 40 years or older, obesity 
(body mass index >35 kg/m2), a pregnancy 
interval of more than 10 years, previous history 
of preeclampsia or gestational hypertension, pre-
existing renal disease, and multiple pregnancies. 
Genetic factors are at least partially responsible 
whether a maternal or a paternal family history of 
preeclampsia will increase the risk of developing 
it.5

Fetal growth consists of several variables, namely 
birth weight (BW), birth length (BL), and head 
circumference (HC). It is determined by both 
duration of gestation and complication from 
maternal condition, especially preeclampsia. 
The incidence of preterm birth increases 
significantly due to preeclampsia. We know that 
the best solution for preeclampsia is prompt 
delivery in order to save the mother. Apart 
from that, intrauterine growth restriction 
(IUGR) and hypertensive disorders have been 
considered to reflect the same uteroplacental 
insufficiency and used to quantify the severity of 
preeclamptic state.6 Therefore, our objective is to 
know the impact of PIH on fetal growth through 
components stated above by comparing with the 
normotensive mother.  

METHODS

The data collection for this study originated from 
the register book of delivery emergency room 
Badan Layanan Umum Daerah (BLUD) RSUD Ende / 

Ende hospital, Ende, East Nusa Tenggara, Indonesia. 
Confidentiality of subjects’ identities were 
guaranteed. Only obstetric data from September 
2014 to August 2015 was recorded. There were 
32 components recorded in this book relating to 
demographic information, referral status, early 
diagnosis, methode of delivery, birth outcome, 
complication of neonates, and last diagnosis. 

We analyzed all completed data without considering 
any sign of life. The exclusion criteria were women 
with pre-existing (chronic) hypertension (17 
patients), multiple pregnancies (31 patients), 
history of diabetes (two patients), cardiovascular 
disease (one patient), and also premature rupture 
of membrane (291 patients). We believed that 
these conditions as cofounding variables which 
could influence the pathogenesis of preeclampsia 
and birth outcomes. The cases of abortion, mola 
hydatidosa, ectopic pregnancy, blighted ovum, and 
not delivering were 194, 10, 3, 2, and 141 cases; 
respectively. After eliminating 70 cases with missing 
information, we analyzed 1,314 deliveries.

PIH was classified as gestational hypertension, 
preeclampsia, and severe preeclampsia. An 
office (or in-hospital) systolic blood pressure 
≥140 mmHg and/or diastolic blood pressure 
≥90 mmHg based on the average of at least two 
measurements, taken at least 15 minutes apart, 
using the same arm without proteinuria after 
20th week of gestation was called by gestational 
hypertension. Meanwhile, preeclampsia was 
diagnosed by gestational hypertension with one 
or more of the following new proteinuria, or one 
or more adverse conditions, or one or more severe 
complications. Significant proteinuria was defined 
as ≥0.3 g/d in a complete 24-hour urine collection 
or ≥30 mg/mmol urinary creatinine in a random 
urine sample or urinary dipstick proteinuria ≥1+. 
Some adverse conditions consisted of maternal 
symptoms, signs, and abnormal laboratory results, 
and abnormal fetal monitoring results impacts to 
the maternal and also the fetal condition. Actually, 
severe preeclampsia was still in the scope of 
preeclampsia, whereas it had one or more 
severe complications. Severe complications that 
warrant delivery consisted of eclampsia, retinal 
detachment, Glasgow coma scale (GCS) <13, 
stroke, uncontrolled severe hypertension, oxygen 
saturation <90%, myocardial ischemia, platelet 
count <50x109/L, acute kidney injury, hepatic 
dysfunction, placental abruption, and stillbirth.7
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Gestational age was defined through last 
menstrual period dates recorded in Buku 
Kesehatan Ibu dan Anak (Mother and Child Health 
Book), physical examination, and if available, 
it was supported by the result of first-trimester 
or early second-trimester ultrasonography. 
Birth weight was classified into two categories, 
namely for a specific gestational age (GA) and 
independent of GA. Birth weight based on specific 
GA was divided into small for gestational age 
(SGA), appropriate for gestational age (AGA), and 
large for gestational age (LGA).  SGA was defined 
as BW <10th percentile of expected weight for GA, 
BW between 10th and 90th percentile of expected 
weight for GA was called as AGA, and LGA was 
defined as BW >90th percentile of expected 
weight for GA. Birth weight independent of GA 
was classified into extremely low birth weight 
(ELBW) where BW <1,000 gram, very low birth 
weight (VLBW) where BW <1,500 gram, low birth 
weight (LBW) where BW was from 1,500 to 2,500 
gram, normal weight was between 2,500-4,000 
gram, and high birth weight (HBW) where BW 
>4,000 gram. Meanwhile, BL and HC were not 
classified so that they were analyzed in numerical 
variables. 

We described the potential confounding variables 
which had an association to exposure and 
outcome based on previous literature. Some 
those variables in this study were maternal age, 
parity, and gestational age of delivery.

The rates, odds ratios (ORs), and 95% confidence 
interval compared binary outcomes (SGA, 
LGA, ELBW, LBW, VLBW, and HBW) between 
groups of PIH and normotensive women. 
Statistical analysis was performed using chi-
square for the categorical variables. Analysis of 
variance (ANOVA) was performed to compare 
maternal age, GA, preterm delivery, parity, 
referral status, methods of delivery, neonates 
sex, BW, BL, and HC among the groups with 
gestational hypertension, preeclampsia, severe 
preeclampsia to the patients with normal blood 
pressure. After doing that univariate analysis, 
we included maternal age, GA, and parity as 
cofounding variables in the multivariate logistic 
regression through the adjusted ORs and 95% 
CI as the indicator. All p-values were two tailed 
and the significance level selected was <0.05. All 
statistical analyses were performed with SPSS 
23.0 for Windows.

RESULTS

During this one year period, there were 2,076 
cases were registered in the book of delivery 
emergency room BLUD RSUD Ende, of which 187 
women (9%) were PIH. Of these 187 women, 58 
(31.0%) had gestational hypertension, 39 (20.9%) 
had preeclampsia, and 90 (48.1%) had severe 
preeclampsia. The mean maternal age at delivery 
was 30.3±6.4 years. Most of women in this study 
were nulliparous (40.5%). The most referral status 
of women delivering in hospital came from primary 
health care (50.3%). The characteristic of patients 
with PIH was shown in Table 1. They were divided 
into normotensive, gestational hypertension, 
preeclampsia, and severe preeclamptic women. 

Table 2 summarizes the effects of PIH on BW for a 
specific GA after analyzing with multivariate logistic 
regression. The rate of SGA was higher in PIH 
women than normotensive women. Women with 
severe preeclampsia had 1.90 times higher (95% 
CI=1.20-3.01) to have SGA infants compared to 
normotensive women. The incidence of SGA was not 
statistically significant in gestational hypertension 
and preeclamptic women. The highest rate of LGA 
infants was in severe preeclamptic women (10.6%). 
There was statistically significant (OR=2.70; 95% 
CI=1.00-7.29; p=0.042).

Table 3 describes the impact of PIH on BW 
independent of GA. The highest rate of ELBW 
was in severe preeclampsia (8.7%). The rate 
of LBW in normotensive women was 10.7% 
and it increased in PIH women where 22.6% in 
gestational hypertension, 14.3% in preeclampsia, 
and 44.0% in severe preeclampsia. Only 
gestational hypertension (p=0.007) and severe 
preeclampsia (p<0.001) showed statistical 
significance with OR=2.45 (95% CI=1.25-4.80) 
and 6.57 (95% CI=4.01-10.79). Preeclamptic and 
severe preeclamptic women had higher rate of 
HBW infants (3.2% and 4.5%, respectively) than 
normotensive women (1.2%). Unfortunately, 
there was no significance in statistic both in 
preeclampsia and severe preeclampsia to HBW 
(p=0.333 and p =0.065, respectively). 

Table 4 shows the difference of BW, BL, and HC 
in PIH women. For the outcome of infants, infants 
born from preeclamptic women were lower BW 
(median 2,575 grams), BL (median 49 cm), and 
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Characteristic
Subjects Normal blood 

pressure (%) 
(n=1,127)

Gestational 
hypertension (%) 

(n=58)

Preeclampsia (%) 
(n=39)

Severe 
preeclampsia (%) 

(n=90)
no. %

Age (years)
<20 57 4.4 4.8 3.5 2.6 1.1
20–40 1,164 90.0 89.9 87.7 87.2 93.2
>40 73 5.6 5.3 8.8 10.3 5.7

Gestational age (weeks) 
(median and min-max)

1,241 39 (23–45) 39 (34–42) 39 (24–42) 38 (25–42)

Preterm delivery
No 1,192 90.7 92.3 89.7 87.2 73.3
Yes 122 9.3 7.7 10.3 12.8 26.7

Parity
Nulliparity 532 40.5 39.8 34.5 48.7 48.9
Multiparity 446 33.9 33.4 50.0 28.2 33.3
Primiparity 336 25.6 23.0 0.7 0.7 1.2

Referral status
Primary health care 658 50.3 47.0 75.9 71.8 65.9
Public midwife 1 0.1 0 1.7 0 0
General clinic 102 7.8 7.7 6.9 10.3 9.1
Hospital 11 0.8 0.7 5.2 0 0
Polyclinic 68 5.2 5.4 1.7 2.6 5.7
Without reference 468 35.8 39.2 8.6 15.4 19.3

Methode of delivery
Spontaneous 837 63.7 65.3 72.4 48.7 44.4
Vacuum 50 3.8 3.5 3.4 10.3 5.6
Caesarean section 427 32.5 31.2 24.1 41.0 50.0

Sex
Male 678 53.1 53.8 41.5 53.8 51.2
Female 599 46.9 46.2 58.5 46.2 48.8

Table 1. Demographic and reproductive characteristics of patients in BLUD RSUD Ende, 2014–2015

Table 2. Birth weight for a specific gestational age in PIH women, univariate and multivariate logistic regression in BLUD RSUD 
Ende, 2014–2015

Pregnancy-induced hy-
pertension classification

Small for gestational age Large for gestational age
% OR and 95% CI Adjusted OR† and 95% CI % OR and 95% CI Adjusted OR† and 95% CI

Normal blood pressure 31.7 1.0 (referent) 4.2 1.0 (referent)
Gestational hypertension 41.2 1.51 (0.85–2.67) 0.63 (0.35–1.11) 6.3 1.51 (0.35–6.60) 0.76  (0.17–3.37)
Preeclampsia 36.1 1.22 (0.61–2.43) 0.83 (0.42–1.67) 4.2 0.99 (0.13–7.54) 0.82 (0.11–6.39)
Severe preeclampsia 46.8 1.90 (1.20–3.01)* 1.91 (1.20–3.01)* 10.6 2.70 (1.00–7.29)* 2.92 (1.07–8.00)*

* p<0.05; † Adjusted for maternal age and number of parity

also HC (median 32 cm). In analysis of variance 
using non-parametric test (Kruskal-Wallis), 
it described there was statistical significance 
among PIH women group in BW (p<0.001), BL 

(p<0.001), and HC (p<0.001). Table 5 concludes 
the post hoc analysis to know the difference 
among PIH group which made significant in 
statistic. Normotensive women had statistical 
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Pregnancy-
induced 
Hypertension

ELBW Very Low Birth Weight Low Birth Weight High Birth Weight
% OR and 

95% CI
Adjusted 
OR† and 
95% CI

% OR and 95% 
CI

Adjusted OR† 
and 95% CI

% OR and 95% 
CI

Adjusted OR† 
and 95% CI

% OR and 95% 
CI

Adjusted OR† 
and 95% CI

Normal blood 
pressure

0.0 1.0 
(referent)

0.6 1.0 (referent) 10.7 1.0 (referent) 1.2 1.0 
(referent)

Gestational 
hypertension

0.0 0.0 22.6 2.45
(1.25–4.79)*

0.35
(0.17–0.71)*

0.0

Preeclampsia 3.2 0.0 14.3 1.39
(0.53–3.67)

1.14
(0.41–3.19)

3.2 2.67
(0.34–21.22)

0.25
(0.03–2.05)

Severe 
preeclampsia

8.7 6.7 11.45
(2.77–47.38)*

8.68
(1.57–48.04)*

44.0 6.57
(4.01–10.79)*

5.71
(3.33–9.78)*

4.5 3.82
(0.83–17.60)

0.19
(0.04–0.93)*

Table 3. Birth weight independent of gestational age in PIH women, univariate and multivariate logistic regression in BLUD 
RSUD Ende, 2014-2015

* p<0.05; † Adjusted for maternal age, number of parity, and gestational age; ELBW: Extremely Low Birth Weight

Characteristic Subjects Normal Blood 
Pressure (%) 

(n=1.127)

Gestational 
Hypertension (%) 

(n=58)

Preeclampsia (%) 
(n=39)

Severe Preeclampsia 
(%) (n=90)

Statistical 
Significance*

No %

Birth weight (gram) 
(median and min-max)

1,269 3,000
(1,100–4,500)

2,900
(1,875–4,000)

2,950
(600–4,300)

2,575
(700–4,300)

p<0.001

Mean (SD) 2,967.03 (459.49) 2,861.79 (521.19) 2,835.68 (623.59) 2,533.45 (791.74)
Birth length (cm) 
(median and min-max)

1,214 50 (30–58) 50 (31–54) 49 (43–56) 49 (30–55) p<0.001

Mean (SD) 49.57 (2.28) 48.76 (3.40) 49.28 (2.20) 47.62 (4.16)
Head circumference 
(cm) (median and min-
max)

1,209 33 (23–40) 33 (28–39) 32 (28–36) 32 (24–36) p<0.001

Mean (SD) 32.74 (1.89) 32.61 (1.80) 32.25 (1.86) 31.62 (2.34)

Table 4. Birth weight, birth length, and head circumference in PIH women in BLUD RSUD Ende, 2014–2015

* Analysis of Variance – Kruskal-Wallis (non-parametric test)

significance compared to severe preeclamptic 
women in BW (p<0.001), BL (p<0.001), and HC 
(p<0.001). Meanwhile, gestational hypertension 
vs severe preeclamptic women had significance 
in statistic for BW (p=0.011). Preeclamptic and 
severe preeclamptic women had significant 
difference in BW (p=0.028) and BL (p=0.046).

Post-hoc Mann-Whitney Birth weight Birth length Head circumference
Normotensive vs gestational hypertension 0.194 0.088 0.485
Normotensive vs preeclampsia 0.154 0.198 0.095
Normotensive vs severe preeclampsia <0.001 <0.001 <0.001
Gestational hypertension vs preeclampsia 0.834 0.812 0.341
Gestational hypertension vs severe preeclampsia 0.011 0.080 0.021
Preeclampsia vs severe preeclampsia 0.028 0.046 0.232

Table 5. Post-hoc analysis to determine the difference among PIH women group in BLUD RSUD Ende, 2014–2015

DISCUSSION

To know the impact of PIH as an independent 
risk factor on fetal growth, we had to minimize 
the bias factors. One of the bias factors is pre-
existing (chronic) hypertension. Based on study 
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by Haelterman et al8, the risk of intrauterine 
growth restriction was increased in the condition 
of chronic hypertension. Chronic hypertensive 
disorders or chronic kidney disease can influence 
hypertension; therefore, we excluded all of those 
and classified PIH into three groups based on 
Magee et al7 in SOGC Clinical Practice Guideline 
namely gestational hypertension, preeclampsia, 
and severe preeclampsia. The incidence of PIH 
in this study was 14.2%, which is higher than a 
study by Xiong et al9 (9.0%).

Mothers with preeclampsia usually have preterm 
delivery or shortened duration of GA because early 
delivery is the only effective treatment for patients 
with PIH. As shown in Table 1, the shortest GA 
was in severe preeclamptic women whereas the 
median was 38 weeks (25-42 weeks). This result 
is similar to the study by Fatemeh et al10, which 
showed that hypertensive nulliparous women 
had shortened gestational age (37.37±2.25 
weeks) compared to normotensive nulliparous 
women (38.81±1.71 weeks). Apart from that, the 
study performed by Buchbinder et al11 concluded 
that preterm delivery is only associated with 
severe hypertension and proteinuria does not 
affect the outcomes. Macdonald-Wallis et al12 in 
their study stated that blood pressure change 
between 30 and 36 weeks may be associated with 
the timing of spontaneous labor. This result is 
similar to a multinational study of >8,000 women 
that a greater increase in blood pressure was 
correlation to the greater risk of spontaneous 
preterm birth.13 Early delivery increases the rate 
of caesarean section as one of the ways to end 
the pregnancy increased in accordance with the 
severity of PIH. The study by Gofton et al.14 showed 
that PIH women had obstetrical intervention 
rates much higher than normotensive ones. The 
obstetrical intervention here was the induction 
and caesarean delivery rates. Increased rate 
of caesarean section among PIH women was 
reported in this study and the highest rate was 
among severe preeclamptic women (50.0%). 

Among 187 PIH cases in this study, we found SGA 
infants in 71 cases (37.97%), AGA infants in 95 
cases (50.80%), and LGA infants in eight cases 
(4.28%). In the classification of BW independent 
of GA in PIH women, ELBW infants were found 
in five (2.67%), VLBW infants in three (1.60%), 
LBW infants in 50 (26.74%), normal weight 
infants in 113 (60.43%), and HBW infants in three 

(1.60%). Meanwhile, 1,127 cases of women with 
normal blood pressure group as a comparison in 
this study, most of infants were AGA (64.42%) 
and normal weight (85.36%). Both SGA and LGA 
infants were lower than in PIH group (29.90% 
and 2.84%, respectively). Also, the ELBW, VLBW, 
LBW, and HBW infants were lower than in case 
group. Patients with severe preeclampsia had 
1.90 (adjusted OR=1.91) times higher to have 
SGA infants. Based on the BW independent of 
GA, severe preeclampsia increased the risk of 
VLBW and LBW infants and there were statistical 
significancies. The result is similar to study 
published by Xiong et al9 and Eskenazi et al.15 One 
of the reasons that more severe PIH had SGA or 
VLBW and LBW infants was about hypoperfusion 
model as pathogenesis of preeclampsia. 
Hypertension or preeclampsia lowered the 
uteroplacental perfusion by contracting the 
plasma volume.16 It reduced transfer of oxygen 
and nutrients to the developing fetus. The hypoxic 
placenta in turn releases antiangiogenic factors 
into maternal circulation which are hypothesized 
to invoke the maternal inflammatory response 
including endothelial dysfunction and increased 
blood pressure.17 Apart from that, the literature 
states that fetal hypoxia and growth restriction 
are caused by abnormal placentation. Meanwhile, 
proteinuria is a sign for the vascular damage which 
contributes to this condition.18 However, there still 
debates between the effect of intrauterine growth 
restriction and neonatal morbidity and mortality. 
Another study conducted by von Dadelszen et al.19 
reported that there was an association between 
hypertension in women and condition of fetus at 
birth, also the survival of neonates to discharge 
from neonatal intensive care unit. 

Women with severe preeclampsia had OR=2.70 
(95% CI=1.00-7.29) to deliver LGA infants and it 
was statistically significant. Apart from that, based 
on BW independent of GA, severe preeclamptic 
women also had 3.82 times higher to deliver HBW 
infants, although in statistic, it was not significant. 
The result is similar to study by Xiong et al.20 The 
lack of nutrient on fetus increased the resistance 
of mother peripheral circulation which finally 
ended in pregnancy-induced hypertension. The 
raising of dehydroisoandrosterone sulphate 
as an indicator of placental perfusion was an 
effort of body to increase the uteroplacental 
perfusion in some PIH women.21 However, some 
patients with PIH deliver larger infants because 
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the incidence of preeclampsia occurs later in 
pregnancy. The short duration from the decrease 
of uteroplacental perfusion develop the body’s 
compensation to this condition by reversing the 
effect. Apart from that, proteinuria as an indicator 
of preeclampsia can function as “protective” 
factor to keep the uteroplacental blood flow19,22 

or other diseases, such as obese mother or 
gestational diabetes mellitus of which the data 
are not available. Therefore, a long longitudinal 
study should be conducted to know the role of 
proteinuria in pregnancy-induced hypertension 
to uteroplacental blood flow.

According to study published by Xiong et al9, 
Naeye22, we found that there was no difference 
in mean birth weight between the various 
PIH and normotensive one; however, the 
mean birth weight was the lowest in severe 
preeclampsia group (2,533.45±791.74 grams 
vs 2,967.03±459.49 in normotensive group). 
Apart from that, both the mean of birth 
length and also head circumference were the 
lowest in severe preeclampsia (47.62±4.16 
cm and 31.62±2.34 cm respectively). The 
result was similar to the study by Lim et al.23 
which declared that peripheral systolic blood 
pressure would decrease birth weight, birth 
length, head circumference, and placental 
weight (all p<0.05). Each 1 SD (11.1 mmHg) 
increase of peripheral systolic blood was 
inversely associated with birth weight (-35.56 
g; 95% CI=-66.57 to -4.54), birth length (-0.16 
cm; 95% CI=-0.32-0.01), head circumference 
(-0.09 cm; 95% CI=-0.19-0.02), and placental 
weight (-8.78 g; 95% CI=-18.74-1.19).

The limitation of our study was there were no data 
about maternal body mass index (BMI), maternal 
smoking, previous conditions, and numbers of 
antenatal visit. In summary, the findings in this 
study depict the lack of a causal relationship 
between hypertensive disorders of pregnancy 
and the neonates’ growth outcome. Therefore, 
future studies should be established to know the 
causal relationship how far the contribution of 
PIH influences the growth outcome of infants so 
that prevention and therapy can be given based 
on the pathophysiology of it.  

PIH women who had SGA or VLBL or LBW infants 
were caused by the hypoperfusion model as 
the pathogenesis of preeclampsia. Meanwhile, 

LGA infants born by preeclamptic women were 
due to the compensation of the decrease from 
uteroplacental perfusion.
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ABSTRAK

Latar belakang: Astrosit adalah sel glia yang paling berperan 
dalam plastisitas sinaps. Glial fibrillary acidic protein (GFAP) 
dan heat shock protein 27 (HSP27) plasma merupakan 
parameter reaktivitas astrosit yang diinduksi oleh latihan fisik. 
Durasi olahraga yang dianjurkan oleh American College of 
Sports Medicine (ACSM) adalah 30 menit atau 10 menit setiap 
sesi latihan (total akumulasi 30 menit). Tujuan penelitian 
ini adalah membandingkan kadar GFAP dan HSP27 plasma 
orang dewasa muda pada dua durasi latihan fisik aerobik akut 
intensitas sedang (10 menit vs 30 menit).

Metode: Penelitian dengan desain sebelum dan sesudah 
dilakukan pada 22 subyek yang dibagi secara acak menjadi 
kelompok olahraga sepeda statis sesi tunggal durasi 10 menit 
atau 30 menit. Sebelum dan sesudah uji sepeda statis dilakukan 
pengambilan darah. Kadar GFAP dan HSP2 plasma diukur 
dengan metode ELISA. Uji t-berpasangan digunakan untuk 
membandingkan kadar GFAP dan HSP27 plasma sebelum 
dan sesudah latihan, dan uji t-tidak berpasangan untuk 
perbandingan antara kedua kelompok sesudah latihan.

Hasil: Kadar GFAP plasma menurun (0,45 ng/mL) bermakna 
pada kelompok latihan 30 menit (p<0,05). Kadar HSP27 
plasma menurun (1,71 ng/mL) bermakna pada kelompok 
latihan 10 menit (p<0,05). Kadar GFAP dan HSP27 antara 
kelompok latihan 10 menit (GFAP=0,49 ng/mL; HSP27=2,09 
ng/mL) tidak berbeda bermakna disbanding kelompok 
latihan 30 menit (GFAP=0,45 ng/mL; HSP27=1,71 ng/mL).

Kesimpulan: Latihan fisik aerobik akut intensitas sedang 
durasi 10 dan 30 menit mengurangi reaktivitas astrosi yang 
berarti dapat meningkatkan plastisitas sinaps. Penurunan 
kadar GFAP plasma terjadi sesudah latihan fisik durasi 30 
menit dan penurunan kadar HSP27 plasma terjadi sesudah 
latihan fisik durasi 10 menit. Hasil ini menunjukan bahwa 
tubuh merespons berbeda terhadap durasi perlakuan yang 
berbeda untuk menghasilkan efek yang sama bagi tubuh.

ABSTRACT

Background: Glial fibrillary acidic protein (GFAP) and heat 
shock protein -27 (HSP27) plasma can be used as the parameters 
of exercise-induced astrocyte reactivity. The American 
College of Sports Medicine (ACSM) recommends an exercise 
of 30 minutes or 10 minutes duration (each performing bout 
accumulated toward 30 minutes). The aim of this study was 
to compare GFAP and HSP27 plasma concentrations in young 
adults undergoing acute moderate-intensity aerobic exercise of 
different durations (10 minutes vs 30 minutes).

Methods: An experimental study with pre-post design was 
conducted on 22 participants assigned to either 10 minutes or 
30 minutes duration of single bout exercise. Blood sampling 
was performed before and after the exercise. GFAP and 
HSP27 plasma levels were measured with ELISA methods. 
Plasma GFAP and HSP27 levels before and after exercise were 
analyzed using paired t-test, while GFAP and HSP27 levels 
after exercise between the two groups were processed using 
unpaired t-test.

Results: Plasma GFAP concentration decreased significantly 
(0,45 ng/mL) after 30 minutes of aerobic exercise (p<0.05). 
Plasma HSP27 concentration decreased significantly (1,71 
ng/mL) after 10 minutes of aerobic exercise (p<0.05). 
No significant difference in plasma GFAP and HSP27 
concentrations between 10 minutes (GFAP=0.49 ng/mL; 
HSP27= 2.09 ng/mL) and 30 minutes duration of exercise 
(GFAP=0.45 ng/mL; HSP27=1,71 ng/mL).

Conclusion: Acute moderate-intensity aerobic exercise 
with 10- and 30-minutes duration reduces the reactivity of 
astrocytes indication the increase of the synapse plasticity. 
The decrease in GFAP concentration occurred after 30 
minutes of exercise and the decrease in HSP27 occurred 
after 10 minutes of exercise. These results showed that the 
body responds differently to different treatment duration 
in order to obtain the same effect on the body.
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Neurodegenerative diseases such as stroke, 
dementia, Parkinson’s disease, have become 
a public health problems. The incidence of 
neurodegenerative diseases is increasing 
from year to year.1 This increasing incidence 
is partly caused by unhealthy lifestyle, such as 
lack of exercise, smoking, and unhealthy diet.1 
Physical exercise represents one way to prevent 
neurodegenerative diseases. 

Many studies proved that physical exercise has 
a positive impact on human and animal brain.2,3 
Physical exercise increases the plasticity of 
synapses by affecting the neurons and glial cells. 
The recommendations of American College Sports 
Medicine (ACSM) exercise for healthy adult aged 
18 to 65 is moderate-intensity aerobic physical 
activity for 30 minutes five days per week or 10 
minutes each performing bout (accumulated 
toward 30 minutes).4

Astrocytes are the main glial cells that play 
an important role in synaptic plasticity. Its 
important role in synaptic plasticity is by 
supporting the nerve cells in several ways 
such as efficiency of synaptic connections, 
maintenance of neurotransmitter homeostasis, 
formation of the blood brain barrier, protection 
of central nervous system damage, and provision 
of nutrition (metabolic functions).5 

Glial fibrillary acidic protein (GFAP) is an 
intermediate filaments (IF) protein of astrocytes 
and have been used as a classical marker for 
studying astrocytes in healthy and pathological 
state.5 Astrocytes become reactive to pathological 
conditions and this reactivity is marked by up-
regulation of GFAP.5 Studies showed that physical 
exercise affects GFAP.2 Heat shock protein 27 
(HSP27) is one of the factors induced by physical 
exercise to affect GFAP.6-8 Studies showed 
that HSP27 interacts with GFAP and serves as 
chaperones (preventing of protein aggregation).8 
Release of HSP27 to plasma indicates that cells are 
in stress.6,7 HSP27 peaks in plasma approximately 
one hour after stress.7

Besides physical exercise, other factors affecting 
GFAP are brain development, aging, heat stress, 
and neurodegenerative diseases.5-7 Brain 
development and aging will trigger molecules that 
will modulate GFAP, such as ciliary neurotrophic 
factor (CNTF) and nuclear factor kappa B (NFκB).5 

Heat stress and neurodegenerative diseases will 
trigger molecules that will modulate HSP27, such 
as glucocorticoid.6,7

The studies on the effects of physical exercise on 
plasma GFAP levels in humans is unknown, except 
in subjects with neurological disease or normal 
subjects without physical exercise.9,10 GFAP 
levels in blood of healthy people ranges from 
non-detectable to <0.76 µg/L.10 The low level of 
GFAP in normal human plasma showed normal 
astrocytes. Release of GFAP to plasma indicates 
reactive astrocytes.5,9,10 In case of head injury, the 
release of GFAP to plasma peaks after 24 hours.10 
Studies on the effects of physical exercise on GFAP 
are mainly conducted in animals2 while human 
studies are very limited. In addition, studies on 
the relationship of HSP-27 and GFAP under the 
influence of exercise are very limited. 

The aim of this study was to evaluate plasma GFAP 
and HSP27 concentration in acute moderate-
intensity aerobic exercise of different durations 
(10 or 30 minutes). This study is expected to 
be a guide for selecting the duration of aerobic 
physical exercise for people who are new to 
the practice as well as those with high risk for 
neurodegenerative disease.

METHODS

Participants were 22 young healthy male adults 
aged 20.86±0.88 years, were recruited from 
Faculty of Medicine Universitas Atmajaya, 
Jakarta, Indonesia. They were untrained men, 
with normal anthropometric measurements and 
not subjected to exam-related stress. Participants 
were evaluated for their health/fitness using 
an examination form of physical fitness/
health from Indonesian Ministry of Health and 
questionnaire of health/fitness from American 
Heart Association (AHA) or ACSM to ensure that 
they could safely complete the study.4,11 This study 
used the guidelines of the ACSM for the duration 
and intensity of aerobic exercise recommended 
for the age 18–65 years.4 

The protocol of this study has been approved by 
the Health Research Ethics Committee Faculty of 
Medicine, Universitas Indonesia No. 883/UN2.
F1/ETIK/2014. All participants signed informed 
consent.
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Age level was determined through self-
reporting. Resting heart rate and blood 
pressure were measured using the electronic 
sphygmomanometer (Omron, Europe). Height 
and weight were measured, from which body 
mass index were calculated. Waist circumference 
was measured using measuring tape.

Exercise intervention 
Participants were divided into two treatment 
groups, the first group (11 people) performed 
exercise in moderate-intensity {64–74% maximum 
heart rate (-HRmax)} for 10 minutes and the other 
group (11 people) performed exercise with the 
same intensity for 30 minutes. The exercise was 
performed in a single bout exercise. Participants 
experienced three phases, i.e pre-exercise, exercise, 
and post-exercise phases.

In the pre-exercise phase, participants were 
measured for heart rate and blood pressure. 
Then, a heart rate monitor was placed on the 
chest to record heart rate per minute (Polar 
Electro, Finland). The exercise uses a static 
bicycle (Monark, Sweden) with the exercise 
protocol consisting of a two-minutes warm-
up period, a 10- or 30-minutes core exercise 
period, and a five-minutes cool-down period. 
The speed of cycling was set using a metronome 
at 100 times/min and the workload was set until 
participants reached their target HR between 
64–74% of their HRmax to achieve moderate 
intensity. HRmax was calculated using the 220-age 
formula.4 In the post-exercise phase, participants 
were measured for heart rate and blood pressure 
again. 

Blood sampling and examination
Venous bloods sampling was taken before 
and after cycling exercise from median 
cubital vein. Venous blood was stored in 
ethylenediaminetetraacetic acid (EDTA) tubes. 
The blood was centrifuged at 1.000 g and 4 °C 
for 15 minutes, and the supernatant were stored 
at -80 °C until analysis.

Plasma GFAP and HSP27 concentrations were 
analyzed using GFAP ELISA Kit (SEA068Hu, 
USCNK Cloud Clone Corp, USA) and HSP27 ELISA 
Kit (ADI-EKS-500, Enzo Life Science, USA). The 
minimum detectable level of GFAP ELISA Kit is 
0.059 ng/mL, while the minimum detectable level 
of HSP27 ELISA kit is 0.39 ng/mL.

Statistical analysis
Statistical analysis was performed using SPSS 
16. Statistical significance was set at p<0.05. 
Shapiro-Wilk test showed all data were normally 
distributed, except for age. Demographic data was 
tested with unpaired t-test, except the age data 
was tested with Mann-Whitney test. Workout 
heart rate, GFAP and HSP27 levels before and 
after moderate-intensity aerobic exercise of 10- 
and 30-minutes duration were tested with paired 
t-test. Workout HR, GFAP levels and HSP27 levels 
after 10- and 30-minutes aerobic exercise were 
compared with unpaired t-test.

RESULTS

Demographic variables
Data were presented as mean value ± standard 
deviations (SD), or as median (minimum-
maximum) for age data. Details of participant’s 
demographic variables are presented in Table 1. 
Unpaired t-test and Mann-Whitney test showed 
no significant difference between the two 
groups of physical exercise duration in terms of 
age, resting HR, systolic blood pressure (SBP), 
diastolic blood pressure (DBP), body mass index 
(BMI), and waist circumference. The results 
showed that the demographic data of both groups 
are homogenous.

Heart rate
Participants’ heart rate before and after static 
cycling treatment were presented in Figure 1. 
There was a significant difference between the 
mean heart rate before and after treatment in 

Variables 10-minutes 
group (n=11)

30-minutes 
group (n=11)

Age (years) 20 (20-22) 21 (20-22)
Resting heart rate  
(bpm)

73.70 ± 11.45 72.60 ± 11.13

Systolic blood 
pressure  (mmHg)

116.50 ± 7.24 115.50 ± 8.05

Diastolic blood 
pressure  (mmHg)

70.50 ± 7.46 67.80 ± 5.51

Body mass index 
(kg/m2)

21.84 ± 1.84 22.70 ± 1.74

Waist circumference 
(cm)

77.70 ± 5.94 79.20 ± 7.41

Table 1. Demographic data of participants
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group of 10-minutes exercise, as well as in the 
group of 30-minutes exercise duration. However, 
there was no difference of post exercise heart rate 
between the two groups of exercise duration. 

Plasma GFAP and HSP27 levels
Plasma levels of GFAP and HSP27 before and after 
treatment for each group were presented in Figure 
2. Figure 2a shows a slight but not significant 
increase of GFAP levels after static cycling of 10 
minutes duration, whereas the HSP27 shows 
a significant decrease after exercise. Figure 2b 
depicts GFAP and HSP27 levels before and after 
treatment in the group of 30 minutes exercise 
duration. It showed a significant decrease in GFAP 
levels after exercise, whereas the decrease of 
HSP27 levels was not significantly different after 
treatment than before.

Figure 2c shows that post exercise plasma level 
of GFAP and HSP27 in the groups of 10 -minutes 
exercise was slightly higher than that of 30 
minutes exercise duration. But the difference was 
not statistically significant.

DISCUSSION

This study used treatment protocol based on 
ACSM aerobic physical exercise for healthy 
individuals aged 18–65 years, i.e a moderate 
intensity (64–74% HRmax) with duration of 10 
minutes and 30 minutes.4 We choose static cycling 
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Figure 2. Levels of plasma glial fibrillary acidic protein 
(GFAP) and heat shock protein 27 (HSP27). Panel A) GFAP 
and HSP27 levels before and after static cycling treatment 
of 10 minutes duration; B) GFAP and HSP27 levels before 
and after static cycling treatment of 30 minutes duration; C) 
GFAP and HSP27 levels after treatment of 10 or 30-minutes 
duration. *p<0.05

for aerobic exercise because it does not require a 
high level of skill and prime level of fitness.4 

Our results demonstrate that acute moderate-
intensity aerobic exercise of 10- and 30-minutes 
duration affect the plasma levels of GFAP and 
HSP27. The 10-minutes duration group showed 
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a non-significant increased of GFAP levels but 
significant decreased of HSP27 levels. While the 
30-minutes duration group showed significant 
decreased of GFAP levels and non-significant 
decreased of HSP27 levels. 

Significant decrease of HSP27 plasma levels and 
non-significant increase of GFAP plasma levels on 
the 10-minutes duration group could be caused 
by several possibilities. The possibility is related 
with sub-optimal regulation of glucocorticoid 
hormones on HSP27 and GFAP. de Kloet et 
al12 revealed that peak levels of glucocorticoid 
hormones occurs after 15–30 minutes of physical 
or psychological stress (eg exercise). Similarly, a 
study conducted by Hill et al13 observed that blood 
cortisol increases after acute moderate-intensity 
aerobic physical exercise of 30-minutes duration. 
Glucocorticoid hormones regulate HSP27 and 
GFAP concentration.6,14 A study conducted by 
Barr et al6 showed that glucocorticoids increases 
HSP27 in brain tissue that gets stressors. 
Study conducted by Nichols et al14 proved that 
glucocorticoids regulate GFAP response by 
lowering its activity.  

Sub-optimal level of glucocorticoid hormones 
result in increase of pro-inflammatory 
cytokines (IL1β) which will cause an increase 
in the expression of GFAP.14,15 Increase in pro-
inflammatory cytokines upregulates Toll-Like 
Receptor (TLR)-4 expression on astrocytes 
membrane or TLR-2 expression on microglia 
membrane.16 This condition may contribute 
to binding of plasma circulating (extracellular 
HSP27) toward TLR-2 or TLR-4 as its recognize 
the receptor, thus resulting in the decrease of 
HSP27 plasma level. 

The second possibility would be related with 
the increase in proinflammatory cytokines 
due to weak glucocorticoid action. And other 
possibility for the decrease in HSP27 is due to 
phosphorylation of HSP27.17,18 Phosphorylated 
HSP27 structures are oligomers that can not 
move out from the cell. Because more HSP27 are 
phosphorylated and can not move out from the 
cell, the plasma HSP27 level decreased.19 Reduced 
plasma HSP27 level causes weak interaction with 
GFAP, thus increasing GFAP plasma level. But the 
mechanism of oligomer formation still needs 
further studies.19 These results indicate that 
HSP27 used up early in interaction with reactive 

astrocytes as well as GFAP level. Astrocytes may 
not be able to effectively adapt to the 10 minutes 
of acute static cycling without the role of HSP27.

Significant decrease of GFAP plasma levels and 
non-significant decrease of HSP27 plasma levels 
on the 30-minutes duration group may be due 
to glucocorticoid hormones that have peaked. 
Increased glucocorticoid hormones cause an 
increase in HSP27 expression and a decrease in 
GFAP expression.6,14  An increase of glucocorticoid 
hormones also enhances the anti-inflammatory 
cytokines (IL-10),20 that would inhibit the 
expression of GFAP through inhibition of IL1β.15 
Increased IL-10 also causes the extracellular 
HSP27 not being used as anti-inflammatory, and 
also causes inflammatory signals to decrease. 
These steps are assumed to decreased the 
expression of TLR so that there will be more HSP27 
circulate in plasma.15,21,22 These results indicates 
that astrocytes was already able to adapt to the 
treatment of static cycling after 30 minutes.

GFAP and HSP27 plasma levels after treatment 
of 30-minutes duration were lower than that 
after treatment of 10-minutes duration, although 
not statistically significant. This contradictory 
result may be due to two possibilities. Firstly, 
the different duration of physical exercise might 
not have a different effect on the plasma levels of 
GFAP and HSP27. Secondly, the body (astrocytes) 
may have tried to maintain homeostasis resulting 
in a statistically non-significant difference. The 
absence of difference of post treatment groups 
of 10- and 30-minute durations, showed that the 
body responds differently to different stressor 
duration in order to obtain the same effect for the 
body. This is shown by the significant decrease of 
HSP27 level after aerobic exercise of 10-minutes 
duration, but after 30-minutes exercise, it was the 
GFAP that decreased significantly.

Lower levels of plasma GFAP and HSP27 after 
30-minutes duration compared to that after 
10-minutes, although non-significant, indicates 
that acute moderate-intensity aerobic exercise 
of 30-minutes duration is better to prevent the 
reactive astrocytes compared to the 10-minutes 
duration because the astrocytes seemed to be 
able to adapt after 30-minutes. However, this 
hypothesis needs further study. The ACSM 
recommended that an exercise duration of 10 
minutes should be accumulated (3×10 minutes 
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per day) and both of the duration of 10 minutes 
and 30 minutes should be performed in long-
term (chronic).

This study was also unable to determine whether 
GFAP and HSP27 detected in plasma is originated 
from the brain, as there is no evidence on the 
correlation between GFAP and HSP27 in the 
brain and in plasma. Therefore, an animal study 
is needed to confirm the correlation between 
plasma and cerebral GFAP and HSP27 levels after 
one-session acute-moderate aerobic exercise.

In conclusion, acute moderate-intensity aerobic 
exercise of 10-minutes duration decreased HSP27 
plasma levels, meanwhile 30-minutes duration 
of exercise decreased GFAP plasma levels. Acute 
moderate intensity aerobic exercise of 10- and 
30-minutes duration has the same effect on 
the activity of astrocytes markers (GFAP and 
HSP27), indicating lowers astrocytes reactivity. 
But lower levels of those two parameters after 
30-minutes duration of exercise compared to 
that of 10-minutes duration should be taken 
into consideration when choosing the exercise 
duration, because the 30-minutes duration 
reduces the reactivity of astrocytes more.
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ABSTRAK

Latar belakang: Kemoterapi sering menimbulkan efek samping 
berupa toksisitas hematologi. Derajat toksisitas yang timbul 
sering dikaitkan dengan polimorfisme genetik. Penelitian ini 
bertujuan mengetahui apakah polimorfisme genetik GSTP1 
A313G yang berperan pada detoksifikasi siklofosfamid dapat 
memprediksi insidensi dan derajat toksisitas hematologi 
siklofosfamid.

Metode: 91 perempuan Indonesia yang telah didiagnosis 
kanker payudara di RSUP Haji Adam Malik, Medan dan diterapi 
dengan regimen siklofosfamid, doxorubicin/epirubicin, dan 
5-FU diikutsertakan pada penelitian kohort retrospektif ini. 
DNA diekstraksi dari leukosit perifer pasien dan dilanjutkan 
dengan pemeriksaan genotipe GSTP1 A313G dengan metode 
polymerase chain reaction-restriction length fragment 
polymorphism (PCR-RFLP). Distribusi frekuensi genotipe dan 
alel ditentukan dengan Hardy-Weinberg Equilibrium. Data 
derajat toksisitas hematologi (leukopenia dan neutropenia 
pasca-kemoterapi siklus 1 dan 3) dikumpulkan dari rekam 
medis pasien dan dianalisis dengan uji Kai kuadrat. Antar 
kelompok genotipe yang berbeda.

Hasil: Didapatkan proporsi GSTP1 A313A (wild type) 60,4%, 
GSTP1 A313G (heterozigot mutan) 29,7%, dan GSTP1 G313G 
(homozigot mutan) 9,9%. Tidak ada penyimpangan frekuensi 
genotipe dan alel yang signifikan terhadap Hardy-Weinberg 
Equilibrium. Ditemukan pasien dengan alel G (A/G&G/G) 
cenderung mengalami leukopenia dengan derajat yang lebih 
berat dibandingkan dengan pasien GSTP1 wild type alel (A/A) 
pasca-kemoterapi siklus ke-3 (p<0,05).

Kesimpulan: Polimorfisme GSTP1 exon 5 A313G memiliki 
hubungan dengan derajat toksisitas hematologi pada pasien 
kanker payudara yang mendapat kemoterapi siklofosfamid.

ABSTRACT

Background: Chemotherapy often causes side effects 
such as hematologic toxicity. The degree of toxicity is often 
associated with genetic polymorphism. This study aims to 
determine the influence of GSTP1 A313G polymorphism, 
an enzyme responsible for detoxifying cyclophosphamid, 
on incidence and severity of cyclophosphamid hematologic 
toxicity.

Methods: 91 Indonesian females diagnosed with breast 
cancer at Haji Adam Malik Central General Hospital, Medan, 
receiving cyclophosphamide, doxorubicin/epirubicin and 
5-FU were included in this retrospective cohort study. 
DNA was extracted from peripheral leukocytes and GSTP1 
A313G genotyping was analyzed using polymerase chain 
reaction-restriction length fragment polymorphism (PCR-
RFLP). Genotype deviation and allele frequencies were also 
determined by Hardy-Weinberg Equilibrium. The degrees 
of hematologic toxicity (leucopenia and neutropenia data 
after chemotherapy cycles 1 and 3) were collected from the 
patient medical records. The data were analyzed using chi-
square test.

Results: 60.4% of the patients had the wildtype (A/A), while 
29.7% were heterozygous (A/G), and 9.9% were homozygous 
mutant (G/G). There was no significant deviation of allele 
and genotype frequency from Hardy-Weinberg Equilibrium. 
The G allele (A/G & G/G) contributes to more severe degree 
of leukopenia compared to patients with wild type allele 
(A/A)  (p<0.05) after the 3rd chemotherapy cycles.

Conclusion: There was association between GSTP1 
polymorphism with the degree of hematologic toxicity 
in breast cancer patients receiving cyclophosphamide 
chemotherapy regimen.

http://dx.doi.org/10.13181/mji.v25i2.1308
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Cytotoxic chemotherapy is one of the modalities 
in breast cancer treatment, whether it is a 
neoadjuvant or adjuvant that aims to downstage, 
downsize and prevent metastasis to other 
organs.1 Cytotoxic chemotherapy, on the other 
hand, has side effects such as neutropenia and 
leucopenia, since the chemotherapeutic agents 
work indifferently on cancer cells and on normal 
cells which actively proliferate, such as blood 
cells.2 

Cyclophosphamide is one of the leading drugs for 
combination cytotoxic chemotherapy regimen in 
breast cancer treatment. Cyclophosphamide is a 
prodrug that requires phase I biotransformation 
for the activation of the cytotoxic active 
metabolite being mediated by CYP450 enzyme. 
Detoxification of cyclophosphamide requires 
phase II biotransformation mediated by 
glutathione S-tranferase 1 (GSTP1) enzyme by 
catalyzing the active metabolite with glutathione 
to form a non-toxic water soluble metabolite.3

GSTP1 is an important enzyme in detoxifying 
cyclophosphamide metabolites. This enzyme is 
expressed by GSTP1 gene which is located on the 
chromosome 11q13 and has non-synonymous 
nucleotide polymorphism at exon 5 at nucleotide 
313 (SNP’s ID:rs1695) where adenine changes 
to guanine.4 This causes the substitution of 
amino acid from isoleucine to valine at codon 
105 which results in lower affinity between 
GSTP1 and its substrate up to 30% and affects 
the catalytic activity of GSTP1 during phase II 
biotransformation where the active metabolite 
is catalyzed to a non-toxic water soluble form.5 
Zhang et al6 found that GSTP1 variant 105Val has 
lower temperature stability which is influenced 
by catalytic activity of its substrates. Patients 
with homozygous isoleucine (Ile/Ile) have the 
highest GSTP1 enzyme activity and patients with 
heterozygous Ile/Val have a lower enzymatic 
activity compared to the homozygous mutant 
Val/Val.6 A study done by Zhong et al5 also found 
that GSTP1 activity in the erythrocyte was two to 
three times lower in GSTP1 Val/Val compared to 
Ile/Ile in various age groups.5

The polymorphism effect on GSTP1 enzymatic 
activity will have a downstream effect on activity 
of the cyclophosphamide detoxification process 
and its toxic metabolites (phosphoramide 
mustard and acrolein). This will accumulate 

toxic metabolites in the body which increases 
the risk of hematologic toxicity then severity in 
chemotherapy containing cyclophosphamide 
afterward.6,7 Tran et al8 reported that CYPB26, 
GSTA1, GSTP1 polymorphisms were related 
to incidence of severe hematologic toxicity 
in glomerulonephritis patients who receive 
cyclophosphamide therapy.8,9 Similar 
observations were also seen in studies done 
by Zhang et al6  and Artini et al10 which showed 
that breast cancer patients with GSTP1 Ile/Val 
and Val/Val  polymorphisms has a tendency to 
experience the heavier degree of hematologic 
toxicity after chemotherapy compared to the wild 
type (Ile/Ile).6,10 

To sum up the literature review, it is an urgency 
to downsize the number of drug-induced 
hematological toxicity especially leucopenia 
and neutropenia in our population from 
who were diagnosed breast cancer receiving 
cyclophosphamide, adriamycin/epirubicin and 
fluorouracyl regimens (CAF/CEF). This study 
conducted by aiming to determine the influence 
of genetic variance in the GSTP1 gene involved 
in detoxification of cyclophosphamide active 
metabolite could affect susceptibility on the 
incidence and severity of hematologic toxicity 
after cyclophosphamide chemotherapy.

METHODS

Patient selection
From July 2013 to February 2014, 91 Indonesian 
women were recruited in this retrospective 
cohort study. Subjects were selected from surgical 
oncology outpatient clinic of Adam Malik Hospital, 
Medan, Indonesia who fulfilled elligibility criteria 
in terms of a histopathological diagnosis as gold 
standard of breast cancer diagnosis which had 
been hospitalized and treated with a combination 
of cyclophosphamide, doxorubicin/epirubicin 
and 5-fluorouracyl (CAF/CEF). These regimens 
comprise 500 mg/m2 of cyclophosphamide, 50 
mg/m2 adriamicyn or 50 mg/m2 epirubicin, and 
500 mg/m2 5-FU intravenously on day one of 
each 21 day-cycles, and repeated for a total of a 
minimum of three cycles of treatment. They had 
normal hematopoietic, liver, and renal functions 
prior to chemotherapy and excluded if they 
have received radiotherapy two months prior 
to chemotherapy, consumed enzyme inducers, 
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and immunosuppressant less than two months 
prior to chemotherapy. Then, patients were 
recruited by consecutive sampling with inclusion 
and exclusion criteria set above. The protocol of 
this study was approved by Medical Faculty of 
Universitas Sumatera Utara Ethical Committee 
(No. 322/KOMET/FK USU/2013).

Demographic, clinico-pathological data and blood 
samples were collected from patient notes and 
medical record at medical oncology outpatient 
clinic where patients attended to treatment or 
follow-up regularly. 

Genomic DNA isolation 
After written informed consent was obtained from 
all participants, blood sample from each patient 
was collected into ethylenediaminetetraacetic acid 
(EDTA) containing storage tube and stored at -20°C 
before deoxyribonucleic acid (DNA) extraction, 
then genomic DNA was purified from peripheral 
blood leucocyte using the Wizard® genomic DNA 
purification kit (Promega, USA) with procedure 
commonly used in integrated laboratory of Medical 
Faculty of Universitas Sumatera Utara

An amount of 1 mL of peripheral blood 
containing EDTA was transferred to Eppendorf 
tube and centrifuged in Eppendorf centrifuge 
5,430 at speed of 3,000 RPM for 15 minutes at 
room temperature. The pellet-leucocyte form 
was pipetted as many as 300µL transferred to 
Eppendorf tube containing 900µL of red blood 
cell (RBC) lysis solution, then inverted three 
times and incubated at 3-5°C for 10 minutes. The 
sample was then centrifuged in centrifuge 5,702R 
at a speed of 13,000 RPM for three minutes at 
room temperature. The supernatant was removed 
by leaving the pellet in the form of mononuclear 
leucocytes.

The purification were repeated three times to 
obtain a white pellet, named as consideration 
the absence of red blood cells. Then the white 
pellet was added 300µL of nuclei lysis solution 
(NLS) and inverted until it became a homogenous 
solution. Next the solution added 100µL of protein 
precipitation solution and vortexed with an auto 
vortex (Biosan V-1 Plus) for 20 seconds. The lysate 
was centrifuged at 13,000 RPM for one minute at 
room temperature. Then, the supernatant was 
poured into a new Eppendorf contained 300µL 
isopropanolol. The tube was inverted 25 times 

until it formed a collection of DNA strands. Then 
the samples were centrifuged at 13,000 RPM for 
one minute at room temperature, so that DNA-
containing precipitate appeared white.

The supernatant was removed and then added 
1 ml of cold 70% ethanol, this mixture was then 
centrifuged at 13,000 RPM for one minute at room 
temperature. The supernatant was discarded and 
the DNA dried in open air by reversing the tube 
for one hour. DNA was rehydrated with 100µL 
DNA rehydration solution and then incubated at 
4°C overnight. DNA yields were not estimated 
their concentration. Then they were stored at 
-80°C until all of samples collected.

Genotyping of GSTP1 single nucleotide 
polymorphism
The amplification of isolated DNA was performed 
with polymerase chain reaction (PCR) with each 
reaction containing DNA GoTaq® Green Master 
Mix (Promega), the sequences of the forward and 
reverse primers for GSTP1 exon 5 were 5’-GAG 
GAA ACT GAG ACC CAC TGAG-3’ and 5’-AGC CCC 
TTT CTT TGT TCA GCC-3’,10,11 nuclease free water, 
and DNA template with the final volume of 25μL. 
The DNA chain was denaturated by incubation 
at 94°C for five minutes, followed by 35 series 
of chain reaction (94°C for 30s, then annealed at 
61°C for 30s, and 72°C for 30s) followed by final 
expansion step at 72°C for five minutes. 

The PCR products were then visualized using 2% 
agarose gel electrophoresis stained with ethidium 
bromide and a DNA fragment at 424 bp confirmed 
the amplification. The PCR products were then 
subjected to enzyme restriction with BsmA1 and 
incubated for 30 minutes at 55°C followed by 
visualization with 3% agarose gel electrophoresis 
stained with ethidium bromide. The wild type 
(A/A) allele showed fragments at 292 and 132 bp, 
the heterozygous allele (A/G) showed fragments 
at 292, 222, 132, and 70 bp and the mutant (G/G) 
showed fragments at 222, 132, and 70 bp. 

DNA sequencing
To validate data generated by polymerase 
chain reaction-restriction length fragment 
polymorphism (PCR-RFLP) assay, 10% of the 
samples of unpurified PCR product were randomly 
sent to macrogen Inc and sequenced. The results 
of PCR product sequence were analyzed using 
basic local alignment search tool (BLAST®).

http://mji.ui.ac.id
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Assessment of hematological toxicities
The degree of hematological toxicity was 
evaluated from leukocyte and neutrophil count 
on day 19 after chemotherapy cycles one and 
three based on common terminology criteria for 
adverse events (CTCAE v.3.0).12

Degree of leucopenia (grade I=<4,000-3,000/
mm3, grade II=<3,000-2,000/mm3, grade 
III=<2,000-1,000/mm3, and grade IV=<1,000/
mm3). Degree of neutropenia (grade I=<2,500-
1,500/mm3, grade II=<1,500-1,000/mm3, grade 
III=<1,000-500/mm3, grade IV=<500/mm3).

Statistical analysis
Qualitative variables were summarized by their 
frequency distribution and quantitative variables 
by their mean and standard deviation (SD) or 
median and interquartile range. 

GSTP1 genotypes were tested as to whether they 
were distributed according to Hardy-Weinberg 
Equilibrium. Chi square test for deviation from 
Hardy Weinberg equilibrium was used to estimate 
differences in allele frequencies. The influence 
between GSTP1 genotype with cyclophosphamide-
induced leucopenia and neutropenia after 
chemotherapy series one and three were estimated 
using p value. A p<0.05 was considered statistically 
significant.

RESULTS

Demography characteristics and subjects 
clinicopathology
Total of 91 patients with the avarage age of 
52.53±8.79 years (range 30–76 years) were 
evaluated in this study. The subjects consist of 
several ethnic groups consisting of 41 Bataknese 
patients (45.1%), 30 Javanese patients (33.3%), 
nine Acehnese patients (9.9%), eight Malay (8.8%), 
and the three rest patients (3.35%) consists of 
Chinese, Dayaknese, and Indian ethnics. The 
clinico-pathological features of the subjects and 
variant genotype could be seen in Table 1.

DNA amplification to detect GSTP1 
polymorphism
Interpretation of RFLP product for the A313G on 
424 bp PCR fragment with BsmA1 were shown 
by different pattern on gel electrophoresis 
(Figure 1). Digestion of the 424 bp fragment of 

 

 

 

 
Figure 1. Genotyping result of GSTP1 A313G. Results of PCR-
RFLP analysis of glutathion S-transferase P1 polymorphism. 
GSTP1 exon 5 A313G was restricted by BsmA1 and resulted 
in 292 and 132 bp GSTP1 313AA fragments, 292, 222, 132, 
and 70 bp GSTP1 313AG fragments and 222, 132, and 70 bp 
GSTP1 313GG fragments. (A) electrophoresis of  RFLP GSTP1 
product; (B) sequences of GSTP1 313AA; (C) sequences of 
GSTP1 313 AG, (D) sequences of GSTP1 313 GG
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Subject characteristics All subjects
n (%)

GSTP1 A313G genotype

AA
n (%)

AG
n (%)

GG
n (%)

 Total 91 55             27 9
Ethnicity

Javanese 30 (33.0) 19 (63.3) 10 (33.3) 1 (3.3)
Bataknese 41 (45.1) 20 (48.8) 14 (34.1) 7 (17.1)
Malay 8 (8.8) 7 (87.5) 0 1 (12.5)
Acehnese 9 (9.9) 6 (66.7) 3 (33.3) 0
The others 3 (3.3) 3 (100) 0 0

Age (years, mean±SD) 52.53±8.79 53.16±8.57 50.74±8.41 54.00±11.28
Breast cancer stage 

IIa 9 (9.9) 8 (88.9) 1 (11.1) 0
IIb 23 (25.3) 14 (60.9) 7 (30.4) 2 (8.7)
IIIa 7 (7.7) 1 (14.3) 4 (57.1) 2 (28.6)
IIIb 47 (51.6) 28 (59.6) 14 (29.8) 5 (10.6)
IIIc 4 (4.4) 3 (75.0) 1 (25.0) 0
IV 1 (1,1) 1 (100.0) 0 0

Histopathology
Invasive ductal carcinoma 77 (84.6) 49 (63.6) 20 (26.6) 8 (10.4)
Invasive lobular carcinoma 12 (13.2) 5 (41.7) 7 (58.3) 0
The others 2 (2.2) 1 (50.0) 0 1(50.0)

Histopathological degree 
Grade I 22 (24.2) 12 (54.5) 10 (45.5) 0
Grade II 34 (37.4) 22 (64.7) 6 (17.6) 6 (17.6)
Grade III 21 (23.1) 12 (57.1) 8 (38.1) 1 (4.8)
Unknown 14 (15.4) 9 (64.3) 3 (21.4) 2 (14.3)

Chemotherapy 
Neoadjuvant 57 (62.6) 34 (59.6) 15 (26.3) 8 (14.0)
Adjuvant 34 (37.4) 21 (61.8) 12 (35.3) 1 (2.9)

Chemotherapy regimen
CAF 79 (86.8) 47 (59.5) 24 (30.4) 8 (10.1)
CEF 12 (13.2) 8 (66.7) 3 (25.0) 1 (8.3)

Table 1. Demographic and clinicopathological characteristics in various genotype subjects

GSTP1= glutathion S-Transferase P-1; CAF= cyclophosphamide adriamycin fluorouracyl; CEF= cyclophosphamide epirubicin 
fluorouracyl

313 AA genotype gave two fragments of 292 and 
132 bp, the 313 AG genotype resulted in four 
fragments at 292, 222, 132, and 70 bp, whereas 
the 313 GG genotype result in three fragments at 
222, 132, and 70 bp. The PCR-RFLP results were 
confirmed with DNA sequencing.

Distribution of GSTP1 polymorphism
The genotype distribution of the patients is shown 
on Figure 2 which demonstrates that 55 patients 
(60.4%) had the wild type (A/A), while 27 patients 
(29.7%) were heterozygous (A/G), and nine patients 

(9.9%) were homozygous mutant (G/G). The allele 
frequencies of single nucleotide polymorphism 
(SNPs) A313G GSTP1 gene on this groups were 
45 (24.73%) of G allele, which is considered as 
minor allele frequency and 137 (75.27%) of A allele 
classified as the major allele frequency.  

In this study, we compared the distribution of 
GSTP1 genotype and allele frequency in various 
populations including Indonesian, South Korean, 
North Chinese, Taiwanese, Brazilian, Italian and 
tested for Hardy-Weinberg Equilibrium. The 

http://mji.ui.ac.id
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Figure 2.  Distribution of genotype GSTP1 A313G polymor-
phism on subjects. The genotype distributions of the patients 
were as follows, 60.4% of the patient has the GSTP1 313AA 
(wild type), while 29.7% is GSTP1 313AG (heterozygous), 
and 9.9% is GSTP1 313GG (homozygous mutant)

results are shown in Table 2. The distribution 
of GSTP1 A313G genotypes in our data showed 
that it was not significantly deviated from Hardy-
Weinberg equilibrium (p>0.05). 

Hematologic toxicity incidence
The incidence of hematologic toxicity was 
evaluated from neutropenia and leucopenia after 
chemotherapy. The incidence of neutropenia 
in this study after cycle one chemotherapy was 

Population No of 
individuals

GSTP1 Genotype [n, (%)] Allele Frequency [n, (%)]
pAA AG GG A G

Medan, Indonesia (present study) 91 55 (60.4) 27 (29.7) 9 (9.9) 137 (75.27) 45 (24.73) 0.0529
Javanese 30 19 (63.3) 10 (33.3) 1 (3.3) 48 (80) 12 (20) 0.8195
Bataknese 41 20 (48.8) 14 (34.1) 7 (17.1) 54 (65.85) 28 (34.15) 0.1232
Malay 8 7 (87.5) 0 1 (12.5) 14 (87.5) 2 (12.5) 0.0047*
Acehnese 9 6 (66.7) 3 (33.3) 0 15 (83.33) 3 (16.67) 0.5485
The others 3 3 (100) 0 0 6 (100) 0 0.6442

Yogyakarta, Indonesia10 50 25 (50) 20 ( 40) 5 (10) 70 (70) 30 (30) 0.7363
Kazakhstan16 120 63 (52.1) 46 (38.7) 11 (9.2) 172 (71.67) 68 (28.33) 0.5389
North China7 920 540 (58.7) 325 (35.3) 55 (6.0) 1405 (76.36) 435 (23.64) 0.5132
Taiwan17 192 122 (64.2) 65 (33.9) 5 (1.9) 309 (80.89) 73 (19.11) 0.1637
Brazil 750 330 (44) 329 (44) 91 (12) 989 (65.93) 511 (34.07) 0.5198

Caucasian18 599 268 (45) 270 (45) 61 (10) 806 (67.28) 392 (32.72) 0.5608
African American 151 62 (41) 59 (39) 30 (20) 183 (60.6) 119 (39.4) 0.0255*

Italy19 48 22 (45.8) 22 (45.8) 4 (8.3) 66 (68.75) 30 (31.25) 0.6442

Table 2.  Distribution of GSTP1 genotypes and allele frequency by Hardy-Weiberg Equilibrium on breast cancer patients in vari-
ous population

* Significant; GSTP1= glutathion S-transferase P-1

Degree of hematological 
toxicity

After first  cycle
n (%)

After third cycle
n (%)

Neutropenia 35 (38.5) 54 (59.4)
Grade I 22 (24.2 ) 28 (30.8)
Grade II 9 (9.9 ) 13 (14.3)
Grade III 2 (2.2) 6 (6.6)
Grade IV 2 (2.2) 7 (7.7)

Leucopenia 11 (12,1) 33 (36.3) 
Grade I 8 (8.8 ) 11 (12.1)
Grade II 3 (3.3) 18 (19.8)
Grade III - 3 (3.3)
Grade IV - 1 (1.1)

Table 3. Degree of hematological toxicity after first and third 
cycles chemotherapy

38.5% and increased to 59.4% after chemotherapy 
cycle three. The incidence of leucopenia after the 
first cycle chemotherapy in this study was 12.1% 
and increased to 36.3% after the third cycle 
chemotherapy (Table 3).

GSTP1 polymorphism and hematologic 
toxicity
This study did not found difference in degree of 
neutropenia after CAF/CEF chemotherapy cycle 
one between the GSTP1 313AA and the GSTP1 
AG+GG genotypes, as well as post-chemotherapy 
cycle three.

Medical Journal of Indonesia
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This study reported did not found difference in 
degree of leucopenia after CAF/CEF chemotherapy 
cycle one between the GSTP1 313AA and the 
GSTP1 313AG+GG genotypes but a significant 
difference in degree of leucopenia was found after 
cycles three chemotherapy (p<0.05) (Table 4 and 
Table 5).

DISCUSSION

Cyclophosphamide is a cytotoxic agent used for 
breast cancer treatment which can suppress 

Hematological toxicity, 
genotype

Grade 1-2
n (%)

Grade 3-4
n (%) p

Neutropenia 31 4 0.546*

AA 22 (70.96) 4 (100)
AG 8(25.81) 0 (0)
GG 1(3.23) 0 (0)
AG and GG 9 (29.04) 0 (0) 0.286†

Leucopenia 11 0 N/A
AA 9 (81.82) 0
AG 1 (9.09) 0
GG 1 (9.09) 0
AG and GG 2 (18.18) 0 N/A

Table 4. Degree of hematological toxicity after first cycle 
chemotherapy in GSTP1 genotype

* Kolmogorov-Smirnov; † Fisher exact test; GSTP1= gluta-
thion S-transferase P-1; N/A= statistical test not applicable; 
AA= adenine adenine; GG= guanine guanine; AG= adenine 
guanine

Hematological toxicity, 
genotype

Grade I-II
n (%)

Grade III-IV
n (%) p

Neutropenia 41 13 0.772*

AA 29 (70.73) 6 (46.15)
AG 8 (19.51) 6 (46.15)
GG 4 (9.76) 1(7.69)
AG and GG 12 (29.27) 7 (53.85) 0.106†

Leucopenia 29 4 0.035a

AA 22(75.86) 0
AG 6 (20.69) 3 (75.0)
GG 1 (3.45) 1 (25.0)
AG and GG 7(63.6) 4 (100) 0.004‡

Table 5. Degree of hematological toxicity after third cycle 
chemotherapy in GSTP1 genotype

* Kolmogorov-Smirnov test; † pearson chi square test; ‡ fisher 
exact test; GSTP1= glutathion S-transferase P-1

cancer and normal cell such as blood cells since 
these cells are actively proliferating.2  Blood cells 
with the shortest life span will firstly experience 
suppression and followed by other cells with the 
order of neutrophils, leucocytes, platelets and 
erythrocytes.2,13 

In this study, 38.5% and 59.4% of breast cancer 
patients suffered neutropenia after first and third 
cycles of CAF/CEF chemotherapy respectively. 
Previous study by Han et al14 also showed similar 
results. In early stage breast cancer, 52.5% 
patients who received CEF adjuvant chemotherapy 
experienced neutropenia with mild neutropenia 
(degree one and two) of 41.5% and severe degree 
(degree three and four) of 11%.14 

The incidence of neutropenia after first cycle 
chemotherapy in this study is higher than 
previous study done by Keswara et al13 which 
shows the incidence of neutropenia 27.4% after 
12 days of cycle one CAF chemotherapy.13 his 
difference might be due to difference in time of 
observation. In this study, neutropenia occurred 
on day 19 whilst in the study of Keswara et al13 it 
took place on days seven and 12.

In this study, 11.1% and 36.3% of breast cancer 
patients suffered from leucopenia after first and 
third cycles CAF/CEF chemotherapy, respectively. 
The results after third cycle chemotherapy 
closely resemble  previous study by Artini et al10 
which showed 38% of breast cancer patients 
receiving cyclophosphamide in taxan-based 
and antracyclin-based regimens, experienced 
leucopenia after treated overall cycles of 
chemotherapy.10 The incidence of leucopenia in 
this study, however, was much lower than the 
study done by Palappallil et al15 in breast cancer 
patients receiving CAF regimen. These authors 
reported that 66% and majority of the subject only 
showed degree one leucopenia.15 The difference 
in incidence of leucopenia between this study 
and study of Palappallil et al15 may be attributed 
to difference in observation times: cycles one and 
three in this study vs all cycles in this study.

In this study, genotype counts did not significantly 
deviate from those expected from the Hardy-
Weinberg equilibrium (p=0.053). This finding 
is similar to the Yogyakarta, Indonesian,10 
Khazakstan,16 Chinese,7 Taiwanese,17 Brazilian,18 
and Italian.19 But in Malay subjects from our 
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data showed a significant deviated from Hardy-
Weinberg equilibrium. This result is similar to 
African American race from Brazilian population.18 

The present study investigates the influence 
of GSTP1 polymorphism on susceptibility 
of hematological toxicity induced by 
cyclophosphamide. Our results showed there was 
no difference in degree of leucopenia between 
GSTP1 genotypes after chemotherapy cycle one, 
which is in contrast with that after cycle three of 
chemotherapy.  GSTP1 313AG+313GG genotype 
had higher incidence of three to four degree 
leucopenia than GSTP1 313AA genotype (p=0.035 
and p=0.004). This may be due to the accumulation 
of cycloposphamide and its metabolites due to 
decreased activity of detoxifying enzymes GSTP1 
for the GSTP1 313AG+GG genotype.

Our results also found that after cycles one and 
three chemotherapy, there were no differences 
in the degree of neutropenia between the GSTP1 
313AA and The GSTP1 313AG+GG genotypes. 
The situation is different with the incidence of 
leukopenia, probably due to the shorter life cycle 
of neutrophil than that of leukocytes. So at day 19 
post chemotherapy blood neutrophil levels have 
returned to normal

Therefore, it is concluded that there is an 
association between GSTP1 polymorphism 
and hematological toxicity induced by 
cyclophosphamide. This finding is similar to 
previous study which showed higher incidence of 
severe hematologic toxicity in GSTP1 313AG+GG 
patients compared to GSTP1 313AA. This is in 
contrast to the findings of Ekhart et al9 which 
stated that GSTP1 polymorphism had no influence 
on inter-individual cyclophosphamide and 
4-hydroxycyclophosphamide pharmacokinetics.9 
Ekhart et al20 stated that GSTP1 polymorphism 
cannot be the contributing factor to variations of 
toxicological response. 

In conclusion, our data indicated that host 
constitutional variability such as GSTP1 
polymorphism played a role in the severity 
of hematologic toxicity in patients receiving 
cyclophosphamide in CAF/CEF regimen. It will 
be interesting to determine the polymorphism of 
metabolic enzymes involved in phase I and phase 
II biotransformation, especially drugs involved 
in the chemotherapy regimens. By this way, 

individual analysis can be done to anticipate side 
effects of chemotherapy, especially hematologic 
toxicity.
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