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change in clinical quality improvement”. The 
term of “Head, Hand and Heart” is a concept to 
explain the transformational leadership which 
is needed for any changes in organizational 
management. This concept can be applied in any 
condition or any organization including scientific 
journal. Interestingly, this concept have also been 
developed to become a holistic approach to learn 
a transformative experience for developing a 
leadership skill. The model relates the cognitive 
domain (head) to critical reflection, the affective 
domain (heart) to relational knowing and the 
psychomotor domain (hands) to engagement.3

 HEAD, refers to a “cognitive” domain in 
leadership, also related to philosophy, logic and 
profound knowledge of the leader. In this domain, 
editors should design and implement a strategic 
leadership which concerned with path‐finding and 
culture‐building to create an effective organization 
and achieve ultimate goals. Through path‐finding, 
editors relate the journal organization to the 
business environment. At the same time, through 
culture‐building, all personnel are being drawn into 
membership of the journal.4 One example that need 
a strategic leadership is to achieve a national and 
international accreditation and recognition. This 
achievement needs long and time‐consuming efforts. 
Editor should “find a better way” (path‐finding) and 
creating the climate for “getting it done” (culture‐
building) in this effort with a strategic leadership. 
Furthermore, editor has to gather evidence based 
data, resources, and make an innovation to create an 
effective efforts. This domain demands the editors 
continuously and consistently to learn and expand 
their strategic leadership skills.

 HEART, refers to a “affective” domain in 
leadership, also relates to desire, commitment, 
hope, courage, and passion in organization. Editors 
need to create an inspiring leadership, which 
engages with people, including the personnel 

“Definition of responsibility : a commitment of the head, heart and hands to fix the problem and never 
again affix blame” (John G Miller)

 In September, I had an opportunity and 
was supported by Cipto Mangunkusumo Hospital 
to join an International Society for Quality in 
Health Care (ISQua)’s 35th international meeting 
in Kuala Lumpur, Malaysia. ISQua is a not‐for‐profit 
community and organization dedicated to promote 
the quality and safety improvement in health care 
worldwide for over 30 years. Surprisingly, there 
were more than 100 delegates from Indonesia 
which shows a strong will and eager for improving 
the quality and patient safety of health services in 
Indonesia. Even though this meeting focuses on 
quality improvement and patient safety in health 
care, I learn other important issue can be applied 
in any condition and organization, including 
scientific journal, which is about a leadership.

 A leadership is pivotal issue in the 
organization management for the implementation 
of change, creating a future vision, explaining 
norms of the organization to the employees, 
making the plan, motivating subordinates, the 
implementation of team work, observing the plans 
for accomplishment, evaluating the change and 
vision to create the potential leaders from among the 
subordinates for a regeneration.1 Beside preparing 
the published articles, editor as a journal leader has 
a responsibility for implementation this leadership 
in the journal development for being presence and 
standing within the international community. In 
turn, the reliability of published articles will improve 
the patients care, the public health, the allocation of 
resources, and the standards of medical ethics and 
professional behavior.2

 The main topic of recent ISQua congress 
is “Heads, Hearts and Hands (3Hs): Weaving the 
fabrics of quality and safety”. It highlights the 
importance of engaging all 3‐H’s to bring about 
change in quality improvement and patient 
safety. There was a workshop about a leadership 
which titled “Head, Heart and Hands – Managing 
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or learn new skill for improving journal quality or 
facing a new challenge in the future.

 Any successful journal has been initiated 
by a strong editorial leadership. It is editor’s 
responsibility to execute and collaborate all 
these 3‐H’s components for achieving a strong 
editorial leadership and solving the problem in 
journal management. Recent main issue in any 
scientific journal in Indonesia is a struggling to 
get a recognition by international community 
through an international indexing, i.e. SCOPUS, 
Pubmed or Clarivate Analysis. There are only 
several, medical, journal gain these international 
recognitions. It needs a editorial leadership 
which includes a strategic, inspiring and 
supervisory leadership to battle this struggle.  
Editor should evaluate and explore all local 
ability and condition which is a unique in each 
journal as a useful resources. Finally it hopes that 
this strong editorial leadership brings a better 
scientific climate in Indonesia and increases an 
international recognition for Indonesian medical 
journal.
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and reader, then provide them an energizing 
vision.4 As mentioned above, journal has grown 
to be involved in business environment which 
needs more personnel including editors and 
administration staffs. Furthermore, an increasing 
of number of submitted articles also need to be 
organized by more personnel. MJI has increased 
the number of full timer editor to overcome the 
double increment of submitted articles each year. 
All these personnel need to be organized and 
engaged with the vision and mission of MJI.

 Another important issue in this Heart 
domain is the passion. Editing an academic journal is 
a vital and rewarding task, but also time‐consuming 
and often frustrating.5 Editors have to evaluate both 
the content and editing of articles. Journal needs an 
editor who has a passion to deal with this task. In 
MJI, even though most of the editorial editor are a 
“part timer”, they have a passion to do peer review 
process. They are able to manage their time in both 
academic purpose and peer review process. In this 
editorial, I express my gratitude to all editors who 
still have a passion to works in MJI. However, MJI 
needs to find young editors which have similar 
passion like a senior editor for future regeneration.

 HAND, refers to a “psychomotor” domain 
in leadership, also related to skills, methods and 
practice. This domain expresses a “real” works 
for achieving an efficient works. This domain 
implements a supervisory leadership, is concerned 
with adapting one leadership style to the given 
situation in order to achieve efficient performance.4 
Editor have to make sure all members work 
together in team and efficiently to achieve a 
regular and on‐time publication schedule. Editor 
has an independent to innovate new methods or 
practices in the article processing to achieve this 
goal. Furthermore editor should supervise all the 
member of journal to work toward the improvement 
of article or journal quality. In this domain, editor 
should endorse all personnel to improve their skill 

Copyright @ 2018 Author. This is an open access article distributed under the terms of the Creative Commons Attribution‐NonCommercial 4.0 International License 
(http://creativecommons.org/licenses/by‐nc/4.0/), which permits unrestricted non‐commercial use, distribution, and reproduction in any medium, provided the 
original author and source are properly cited.

Corresponding author: Agus Rizal A.H. Hamid
agus.rizal@ui.ac.id

pISSN: 0853‐1773 • eISSN: 2252‐8083 • https://doi.org/10.13181/mji.v27i3.3175 • Med J Indones. 2018;27:135–6

http://doi.org/10.13181/mji.v27i3.3175


Farida, et al.
Acalypha indica and Centella asiatica as neurotherapeutic agents 137

The combination of Acalypha indica–Centella asiatica extracts decreases the neuronal 
damage in hypoxia-induced hippocampal injury animal model

pISSN: 0853-1773 • eISSN: 2252-8083 • https://doi.org/10.13181/mji.v27i3.1697 • Med J Indones. 2018;27:137–44
• Received 29 Nov 2016 • Accepted 29 May 2018

Copyright @ 2018 Authors. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License 
(http://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the 
original author and source are properly cited.

Siti Farida,1 Desak G.B. Krisnamurti,1 Lisnawati,2 Ninik Mudjihartini,3 Imelda M. Sianipar,4 Erni H. 
Purwaningsih1

1 Department of Medical Pharmacy, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia
2 Department of Anatomical Pathology, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia 
3 Departmen of Biochemistry and Molecular Biology, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia 
4 Department of Physiology, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia

ABSTRACT

Background: Approximately 80–85% of strokes are ischemic and lead to alterations in neuronal cell morphology and cell death. 
There is a lack of studies on the effect of the combination of Acalypha indica L. (AI) and Centella asiatica L. (CA) in terms of its 
neurotherapy property. This study was conducted to investigate the neurotherapeutic effect of the combination of AI–CA extracts 
in improving rat’s hippocampal neuron injury post-hypoxia.

Methods: A total of 36 Sprague-Dawley rats were categorized into six groups and placed in a hypoxia chamber for 7 consecutive 
days. Then, they were moved to normoxia cages and treated for 7 consecutive days as follows: control group without treatment 
as a negative control; treatment groups were administered citicoline 50 mg/kgBW as a positive control; three different dose 
combinations of AI150–CA150, AI200–CA150, and AI250–CA150 mg/kgBW, respectively. Histological analyses were performed 
to assess the improvement in nerve cell damage in the hippocampus.

Results: Treatment with citicoline significantly decreased the damage of nerve cells (30.8%); the combination of the AI–CA 
extracts of AI150–CA150, AI200–CA150, and AI250–CA150 also significantly decreased the damage of nerve cells (36%, 36.4%, 
and 30.4%, respectively) compared to the control rats (15.4%).

Conclusion: The combination of AI–CA extracts decreased the neuronal damage in the hypoxia-induced hippocampal injury 
animal model. The improvement effect of the combination of AI–CA extracts was not significantly different to citicoline.
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 The Basic Health Research (Riset 
Kesehatan Dasar) data published in 2013 
indicated that stroke is the major cause of death in 
Indonesia.1 Cerebral hypoxia caused by ischemia 
leads to the alteration of nerve cell morphology 
and cell death, in which the nerve cells become 
pyknotic. The most vulnerable areas of the brain 
to hypoxia is the hippocampus, contains stem 
cells of the nervous system that lay on the dentate 
gyrus.2 Neuronal ischemic cells resulting from 
stroke undergo morphological changes. In the 
early stages, the nerve cells exhibit shrinking, 
vacuolization, and condensation, eventually 
become pyknotic and necrotic.2 In an emergency 
situation, there are three management objectives 
of stroke: preventing acute brain injury by 
restoring perfusion to the ischemic non-infarct 
area, reversing nerve injury as early as possible, 
and preventing further neurologic injury by 
protecting cells in the ischemic penumbra area 
from further damage by increasing the glutamate 
levels.3

 Citicoline is a neuroprotective agent that 
has been reported to improve nerve membrane 
damage caused by cerebral ischemia through 
several mechanisms, such as increasing the 
synthesis of phosphatidylcholine, decreasing 
the levels of free fatty acids, and restoring 
the levels of post-ischemic sphingomyelin.4,5 
Although citicoline is an effective drug for 
stroke, it has several limitations in terms of its 
usage and affordability. These limitations have 
led researchers to identify an alternative drug 
from herbs, which has more effective, safe, and 
affordable compounds. Previous studies have 
demonstrated that the root extract of Acalypha 
indica L. (AI) exhibited neuroprotective and 
neurotherapeutic effects on the neuromuscular 
junction and was able to inhibit the activity of 
neurotoxin on isolated frog tissues ex vivo6 and in 
vivo.7 The extract was also found to be effective in 
improving the rat hippocampal nerve cells at doses 
of 400 and 500 mg/kg BB.8 On the other hand, 
Centella asiatica L. (CA) extract has been reported 
to be a peripheral vasodilator in neurological 
disorders and also improves circulation.9 CA is also 
known that able to influence the central nervous 
system, enhance the excitatory brain neurons, 
and improve the learning ability.9 Moreover, the 
leaf extract of CA at the dose of 500 mg/kg BW 
showed a neuroprotective effect against stress-
induced neuronal atrophy of hippocampus in 

mice.10 Therefore, the administration of the 
combination of water extracts of AI and CA could 
improve hippocampus neuron injury caused by 
cerebral hypoxia. Thus, the objective of this study 
is to investigate the neurotherapeutic effect of 
AI and CA extracts combination in improving 
rat’s hippocampal neuron injury post-hypoxia in 
comparison with citicoline.

METHODS

Animal model of hypoxia
 All procedures in this study were 
approved by the Ethics Committee of the Faculty 
of Medicine Universitas Indonesia (Number: 
464/H2.F1/ETIK/2013). This investigation was 
a single-blind experimental study conducted in 
male Sprague-Dawley (SD) rats. Male rats were 
chosen because this study did not evaluate the 
reproductive function of rats. A total of 36 healthy 
male SD rats, aged 12 weeks and weighed 250–
275 g, obtained from Balai Penelitian Veteriner, 
Bogor. All SD rats were caged, each cage containing 
three rats, and provided access to food and water 
ad libitum. The animals were exposed to a 12-h 
light–dark cycle and maintained at a temperature 
of 22°C±2°C. The 36 rats were randomly divided 
into six groups (n=6 in each group).

 After 1 week of acclimatization period, the 
rats were placed in a hypoxia chamber containing 
10% O2 and 90% N2, supplied at a rate of 3 L/
min, for 7 consecutive days. The hypoxia status 
was assigned by the parameter values of pH=7.09, 
pCO2=82.5, pO2=15.8, and HCO3=24.7 (hypoxia was 
reached if PO2<60%). After the hypoxia procedure, 
all rats were replaced in a normoxia chamber under 
normal atmospheric conditions. To ensure that the 
induction has achieved the hypoxic status in this 
study, one rat from each post-induction hypoxia 
group was euthanized for analyzing blood gas and 
histopathology examination of the brain. All rats 
were then treated under normoxia for 7 consecutive 
days as follows: the control group was administered 
only aquadest (without treatment); the treatment 
groups were administered citicoline 50 mg/kg BW; 
and the combinations of AI150–CA150, AI200–
CA150, and AI250–CA150 mg/kg BW, respectively.

Extraction procedure
 A. indica L. was collected from Depok 
and had been identified at LIPI, Bogor. The roots 
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were weighed, dried, and powdered. The powder 
was macerated with 70% ethanol for 24 h. 
Subsequently, the residue was remacerated three 
times with the same solvent, and the extract was 
mixed into the previous extract. The collected 
extract was then concentrated by a rotary vacuum 
evaporator until it had dried. The leaf extract of 
C. asiatica L. was obtained from Balai Penelitian 
Tanaman Rempah dan Obat (Balittro) in a dry 
powder form.

Drug dosage
 The doses of AI used in this study were 
150, 200, and 250 mg/kg BW, and the dose of CA 
was 150 mg/kg BW. Based on a previous study by 
Suswati et al11 who used 400 and 500 mg/kg BW, 
a lower AI dose was used in this study. Similarly, 
the dose of CA was also lower in this study than 
the dose of 500 mg/kg BW used by Halim and 
Ibrahim.8 The combination of the lower doses 
of AI+CA was expected to have a beneficial 
neurotherapeutic effect. All treatments were 
administered orally using a nasogastric tube for 7 
consecutive days.

Oral administration of drugs
 The final condensed extract of AI–CA was 
dissolved in aquadest to obtain an appropriate 
suspension with 1% carboxymethyl cellulose 
(CMC) Na just before administration every 
day. The required dose of the extract was taken 
in a syringe attached with a nasogastric tube 
containing 2 ml of aquadest per rat. The control 
group was administered only aquadest of the 
same volume.

Hippocampus sample preparation
 One day after the last treatment, the rats 
were euthanized by an anesthetic treatment 
using ether. The brain was extirpated and 
then immersed in 10% formalin buffer before 
histological preparation with HE staining. The 
hippocampus was cut at the dentate gyrus 
that divided into an outer and an inner layer. 
The nerve cell damage on the outer layer of the 
dentate gyrus of the hippocampus was analyzed 
by measuring the percentage of pyknotic cells, 
chromatin condensed, and nuclear fragmented 
under a light microscope, at 400× magnification, 
connected to the Optilab program. The nerve 
cell damage on the inner layer of the dentate 
gyrus was not examined as this part was less 
sensitive to hypoxia.10 The number of pyknotic 

cells, chromatin condensed, and nuclear 
fragmented was counted from 500 nerve cells 
on the outer layer of the dentate gyrus of the 
hippocampus.

Statistical analysis
 All data were analyzed by the Statistical 
Package for the Social Sciences for Windows 
(SPSS Inc., Chicago, IL, USA) and expressed 
as mean±SD. The distributions of continuous 
variables were assessed for normality using the 
Shapiro–Wilk test. One-way analysis of variance 
was used to analyze the number of nerve cells 
damaged (pyknotic cell, condensated chromatin, 
and nuclear fragmented). The analyses were 
continued using the post-hoc test. Statistical 
significance was accepted at p<0.05, with an α 
value of 0.05 and 95% confidence interval.

RESULTS

 The difference of the histopathological 
alterations of the nerve cells damage (pyknotic, 
condensated chromatin, nuclear fragmented) 
on the outer layer of hippocampal dentate gyrus 
after treatment for 7 consecutive days among 
groups were showed in the Figure 1A, 1B, 1C, 1D, 
and 1E. Treatment with citicoline significantly 
decreased the damage of nerve cells (30.8%); 
the combination of the AI–CA extracts of AI150–
CA150, AI200–CA150, and AI250–CA150 also 
significantly decreased the damage of nerve cells 
(36%, 36.4%, and 30.4%, respectively) compared 
to that in the control rats (10.4%).

 The normal nerve cell showed a regular 
round shape and clear cytoplasm appearance 
(Figure 1A). After 7 consecutive days of hypoxia 
induction, the nerve cells in the outer layer of 
dentate gyrus of hippocampus became damage 
(pyknotic, chromatin condensed, and nuclear 
fragmented appearance) (Figure 1B). The control 
group without treatment still showed high 
number of nerve cells damage after replaced under 
normoxia cage for 7 consecutive days (Figure 1C). 
The citicoline group showed that the number 
of nerve cells damage decreased significantly 
(Figure 1D). The treatment group of AI200–
CA150 showed higher decrease in the number of 
nerve cells damage than citicoline group (Figure 
1E). The figures for the AI150–CA150 and AI250–
CA150 groups were not presented.
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 Figure 2 shows the number of nerve cells 
damage (pyknotic, condensated chromatin, 
and nuclear fragmented) in the control group 
(without treatment) was not significant 
decrease (15.4%) compared to baseline (post-
induction hypoxia). The treatment group with 
citicoline 50 mg/kg BW showed the percentage 
of total nerve cell damage significantly 
decrease (-30.8%) compared to baseline 
(before treatment) (p=0.027). Similar result 
has also showed the percentage of nerve cell 
damage in all treatment groups of combination 
of AI150–CA150, AI200–CA150, AI250–CA150 
extracts were significantly decrease (-36%, 
-36.4%, and -30.4%, respectively) compared 
to baseline (p=0.003, p=0.002, and p=0.029, 
respectively). Post-hoc analyze showed 
significantly difference between control and 
treatment groups, but no statistical differences 
were found between citicoline and three 
different doses of combination AI–CA extracts. 
The lowest percentage of nerve cells damage 
was achieved in AI150–CA150 and AI200–
CA150 groups given A. indica L. 150, 200 mg/kg 
BW and C. asiatica L. 150 mg/kg BW.

DISCUSSION

 During hypoxia, intracellular hypoxia-
inducible factor (HIF) 1α rapidly accumulates 
in the nucleus of the cell.12,13 Increased HIF1α 
expression contributes to mitochondrial 
activities14 and increases the formation of reactive 
oxygen species (ROS).15,16 When such high ROS 
concentrations in the brain are not overcome by 
increasing the levels of endogenous antioxidants, 
it leads to oxidative stress. This condition 
results in nerve cell damage as characterized 
by the pyknotic cell, condensated chromatin, 
and nuclear fragmented appearance. This study 
showed demonstrated nerve cell damage caused 
due to brain hypoxia based on the high number 
of pyknotic cells, condensated chromatin, and 
nuclear fragmented on the outer layer of the 
dentate gyrus of the hippocampus after placing 
the rats in a hypoxia chamber for 7 consecutive 
days (Figure 1B).

 When the decrease in pO2 is not too severe 
and oxygenation is still restored, the injury could 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A B C

D E

Figure 1. Representative photomicrographs of hippocampal dentate gyrus post-hypoxia before and after treatment. (A) Normal 
nerve cells showed a round-shaped, clear cytoplasm, and low density of nerve cells in the same area; (B) Nerve cells damage 
showed hyperdense cytoplasm and pyknotic nuclei nerve cells post-induction of hypoxia for 7 consecutive days; (C) The control 
group still showed high number of nerve cell damage and low density of the nerve cells on the 7th day post-hypoxia; (D) Decreased 
number of nerve cell damage in the group of citicoline post-hypoxia (similar to group E); (E) The lowest number of nerve cell 
damage in the group Acalypha indica L.–Centella asiatica L. at doses 200 and150 mg/kg BW post-hypoxia
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be reversed.16 However, the control (C) group 
without treatment still showed high damage in 
the nerve cells (pyknotic nerve cells, condensated 
chromatin, and nuclear fragmented) and low 
density of nerve cells after removing the rats 
from under the normoxia condition to normal 
atmosphere for 7 consecutive days (Figure 
1C). This finding suggests that physiological 
improvement alone under the normoxia 
condition for 7 days post-hypoxia is not effective. 
This condition may be caused by the duration of 
hypoxia, i.e., 7 consecutive days, which affects a 
greater area of the hypoxic brain.16 Inversely, a 
highly obvious improvement was detected in 
almost all the therapeutic groups treated with the 
combination of the extract of AI at doses of 150, 
200, and 250 mg/kg BW and CA at the dose of 
150 mg/kg BW (Figure 1E) and also in the group 
treated with citicoline at the dose of 50 mg/
kg BW (Figure 1D). Significant differences were 
observed between the control and all treatment 
groups, but there was no significant difference 
among the treatment groups. The results of 
this study indicated that the combination 
of AI+CA extracts could improve nerve cell 
damage or protect against the progression of the 
hippocampal nerve cells post-hypoxia damage. 
The decrease in nerve cell density in the treatment 

groups was similar to that in the citicoline group, 
indicating that the maturation of nerve cells could 
be stimulated by treatment with both citicoline 
and the combination the AI–CA extracts. These 
findings could also demonstrate that the damage 
occurring in the nerve cells after 7 days’ post-
hypoxia (10% O2, 90% N2) was still reversible 
through an appropriate treatment for 7 days.

 Regarding the mechanism of action, 
citicoline could improve nerve cell damage 
due to the cerebral ischemia by increasing 
phosphatidylcholine synthesis, decreasing free 
fatty acid levels, and restoring post-ischemic 
sphingomyelin levels.4 While, the combination 
of AI–CA extracts has a lot of polyphenol and 
flavonoid compounds which have rich on 
hydroxyl groups (OH-) that react to free radicals 
as a scavenger.17 This effect could improve the 
neuronal cell damage caused by hypoxia.17–20 
Moreover, the combination of AI–CA extracts 
have an anti-inflammatory activity21 and cell 
proliferation stimulation.22 Medicinal plants have 
been known that contain several compounds 
besides polyphenol and flavonoids that support 
each other to provide a beneficial effect.17 The 
root extract of AI has been used in several 
studies6–8,11 and its compounds have been proven 
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Figure 2. The number of nerve cell damage among groups. *Statistically significant difference compared to baseline (p<0.05); 
**After 7 days hypoxia induction (before treatment). AI=Acalypha indica L.; CA=Centella asiatica L.
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to possess higher antioxidant activities than those 
of the leaves.18 The phytochemical screening of AI 
showed the presence of alkaloids, phenols, tannins, 
glycosides, saponins, and steroids that possess an 
antioxidant effect.17 The antioxidant effect of AI 
reduces the higher ROS concentrations induced 
by hypoxia through the radical-scavenging 
mechanism. Besides this mechanism, AI has also 
been demonstrated to prevent the chain reaction 
of oxidation radicals, delay or inhibit the oxidation 
process, and increase the shelf life by slowing 
the lipid peroxidation process,16,17 leading to an 
improvement in nerve cell damage due to cerebral 
hypoxia. Furthermore, the anti-inflammatory 
effect of AI in Wistar albino rats has been reported 
by Dutta et al21 Moreover, the anti-inflammatory 
and the proliferation stimulation activities of AI 
were supported by Yolanda et al,22 who reported 
that acalyphin present in AI extract decreased 
the activity of the phospholipase A2 (PLA2) 
enzyme, leading to reduction in the inflammatory 
response and promotion of the proliferation of 
nerve cells. AI also possesses neuroprotective and 
neurotherapeutic effects on the neuromuscular 
junction and inhibits the activity of neurotoxin 
on isolated frog tissues ex vivo and in vivo.6 
In addition to the finding of AI, Yolanda et al22 
demonstrated that a single AI root extract, which 
contains acalyphin, increased the viability of 
post-hypoxic rat hippocampal tissue culture cells 
through the inhibition of PLA2.22 Besides these 
studies on AI, Rahman et al19 demonstrated that 
CA, which contains active compounds such as 
polyphenol, flavonoid, β-carotene, and vitamin C, 
also exhibits antioxidant activities. The results of 
the present study are also supported by Mohamed 
and Abdou20 who reported that CA enhanced 
the activity of endogenous antioxidants such as 
superoxide dismutase (SOD), catalase, reduced 
glutathione (GSH), glutathione peroxidase (GPX), 
and reduced lipid peroxidase in rats with diabetes 
mellitus (DM) induced by streptozotocin. CA 
has also been reported to possess peripheral 
vasodilator activity in neurological disorders, 
improves the blood circulation,9 and has anti-
inflammatory properties.23 In addition, Yulianti 
et al24 demonstrated that nanoparticles of CA 
increased the proliferation of fibroblasts and 
keratinocyte cells of the skin. Moreover, this 
finding was supported by the result of an in vivo 
study conducted by Sunanda et al25 who showed 
that a single CA leaf extract at a dose of 300 mg/kg 
BW can improve the spatial memory performance 

and help improve cognitive impairment caused 
due to oxidative stress.

 To date, no studies have supported 
the effect of the combination of AI–CA extract 
that has been assumed to have a beneficial 
neurotherapeutic effect. Based on several studies 
mentioned above for AI and CA, this reason was 
also supported by Suswati et al11 proved that AI 
extract at the doses of 400 mg/kgBW and 500 
mg/kgBW has a neurotherapeutic effect and 
that a single CA leaf extract can improve the 
spatial memory performance impaired due to 
oxidative stress at the dose of 300 mg/kg BW. 
However, this study has demonstrated that the 
neurotherapeutic effect was already seen at the 
dose of A. indica L. 150, 200, and 250 mg/kg 
BW which combined with C. asiatica L. 150 mg/
kg BW at each combination dose. These results 
were presumably due to the addition of CA, 
which may work together with AI to their same 
activities as an antioxidant17–20 or by exhibiting 
anti-inflammatory activity.21 Unfortunately, we 
could not determine whether the combination 
effect of AI–CA extracts is synergistic because 
we were not able to use the quantitative isobole 
methods developed by Loewe et al26 to evaluate 
it due to several active compounds contained 
in each medicinal plant and complex. Still, the 
isobole method is used to evaluate the synergistic 
effect of two or more single compound that have 
similar effect.26,27 Based on these results, the 
clinical effect of the combination of AI and CA 
extracts can be applied to patients with stroke or 
brain injury as an adjuvant therapy, particularly 
as a neurotherapeutic agent.

 The limitation of this study is that the 
quantitative isobole method developed by Loewe 
et al26 could not be applied because of the several 
active compounds contained in each medicinal 
plant and complex. Therefore, further studies are 
required to determine whether the combination 
of AI–CA and citicoline has the same receptor 
target using immunohistochemical examinations. 

 In conclusion, the combination of AI at 
the doses of 150, 200, 250, and CA extract at the 
dose 150 mg/kg BW improved the neuronal cell 
damage of hippocampal injury of rats induced by 
hypoxia. The improvement was not significantly 
different to that of citicoline. The mechanism of 
action of the combination of both extracts could 
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be due to the antioxidant, anti-inflammatory, and 
cell proliferation stimulation activities.
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ABSTRACT

Background: Keloid is an abnormal wound healing process that extends beyond the site of injury. Keloid and tumor’s shared 
similarity of recurrence suggesting a shared underlying mechanism that involves stemness. Octamer-binding transcription 
factor-4 (Oct-4) and aldehyde dehydrogenase-1 (ALDH1) are stem cell stemness markers. This study aimed to analyze Oct-4 and 
ALDH1 expressions in keloid tissues.

Methods: Samples were obtained from keloid tissue excisions from three keloid patients and post-circumcision preputial skin 
from three healthy donors (normal control) in accordance with the local ethical committee regulation. Total RNA was isolated 
using TriPure Isolation kit (Ameritech), and expressions of Oct4 and ALDH1 mRNA in keloid and preputial skin were determined 
by quantitative reverse transcription–polymerase chain reaction (qRT-PCR) using Livak method.

Results: The qRT-PCR analysis revealed the expressions of Oct4 and ALDH1 in keloid and preputial skin tissues. Keloid tissues 
exhibited lower expression levels of Oct-4 and ALDH1 than the preputial skin. The difference was statistically insignificant.

Conclusion: Keloid tissues express Oct-4 and ALDH1 as stemness markers, and the stemness characteristics of keloid might be 
similar to a normal skin.
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 Keloid is an abnormal wound healing, 
which shows an overgrowth of collagenous 
scar tissue at the site of a skin injury due to 
high proliferation of fibroblasts. Keloids are 
frequently called benign tumors that consist 
of proliferating fibroblasts. These fibroblasts 
secrete a collagenous extracellular matrix.1,2 
Keloid raises problems on physical appearance 
and aesthetics. The various methods to overcome 
keloid problems include surgery, injection of 
intralesion steroid, and addition of specific 
molecules that act as agonists to cell-surface 
receptor proteins.2 Unfortunately, the majority 
of keloid cases treated by surgery present high 
recurrence rates. Zhang et al3 reported the 
existence of a population of stem cells that are 
known as keloid-derived precursor cells (KPCs) 
in keloids. These cells can self-renew, form 
clones, and differentiate into more than two 
lineages (multipotent).

 Stemness characteristics could be 
identified by measuring the expressions of protein 
markers, such as octamer-binding transcription 
factor-4 (Oct-4), that are identical to those in 
embryonic and mesenchymal stem cells (MSCs). 
Oct-4 is the first master transcription factor 
encoded by the Pou5f1 gene, and it is required for 
the stemness properties of primate embryonic 
stem cells. This transcription factor was revealed 
to be essential for somatic cell reprogramming 
and to perform a various functions depending on 
its level of expression.4 The expression of Oct-4, 
as the master pluripotency and embryonic stem 
cell regulating gene, contributes to a cancer 
progression and drug chemoresistance in several 
cancers, e.g., ovarian cancer.5 Oct-4 is expressed 
in human keloid-derived mesenchymal-like stem 
cells and other population of primitive cells in 
keloid scars.6, 7

 Aldehyde dehydrogenase-1 (ALDH1) 
plays a role in the differentiation and 
proliferation of stem cells and can also be used as 
a stemness marker.8,9 Highly expressing ALDH1 
cells have been suggested as a subpopulation of 
cells that are characterized by the increase in 
proliferation rate, colony-forming capacity, and 
stemness.10,11 This study aimed to analyze the 
stemness characteristics of keloid compared 
with preputial skin as a control by measuring 
the relative expressions of Oct-4 and ALDH1 
mRNA.

METHODS

 This was an experimental study 
conducted between May–November 2016 at the 
Molecular Biology Laboratory Department of 
Biochemistry and Molecular Biology Faculty of 
Medicine Universitas Indonesia (FMUI). Keloid 
sample tissues were obtained from three subjects 
aged 24, 25, and 29 years old. History of keloid 
recurrence and stage were not recorded. Preputial 
skin samples were obtained from circumcision of 
subjects aged 3, 4, and 7 years old. All patients 
or their parents who participated in this study 
have given their informed consent. Ethical 
approval was obtained from Ethical Committee 
of the Faculty of Medicine/Cipto Mangunkusumo 
Hospital (No. 472/UN2.F1/ETIK/2016).

RNA isolation from keloid tissue and preputial 
skin
 RNA isolation was performed directly 
from tissues whose epidermis layer have been 
removed by using scissor and tweezers. The 
tissues were weighed, and approximately 80–90 
mg of each tissue was used for experiments. Each 
tissue was incorporated into a 1.5 ml micro-
tube, and 0.75 ml of Tripure solution was added 
(Tripure Isolation kit, Ameritech). Tissues were 
homogenized with a tissue homogenizer. Further 
stages included binding, washing, and purification 
of RNA. Then, the purity and concentration of total 
RNA were measured with Varioskan. The product 
of total RNA isolation was subsequently diluted to 
50 ng/µl as the stock of total RNA for quantitative 
reverse transcription–polymerase chain reaction 
(qRT-PCR). Total RNA isolates were stored in -80 
°C before use.

mRNA expression analysis of Oct4 and ALDH1 
by qRT-PCR (Livak method)
 mRNA expression was measured using 
qRT-PCR with KAPA SYBR FAST one-step qRT-
PCR (Biosystems) and Eco PCR Max instrument. 
The phases included cDNA synthesis and 
inactivation of reverse transcriptase, followed 
by 40 cycles of PCR. Melting curve analysis 
was performed at the end of the reaction. 
Primer Oct-4 (NC_000006.12 gene) and ALDH1 
(NC_000009.12 gene) information were obtained 
from the National Center for Biotechnology 
Information gene bank. 18S gene was used as an 
internal standard calibrator (Table 1).
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 The relative gene expression quantitation 
of Oct-4 and ALDH1 was measured by using 
the qRT-PCR-derived cDNA copy number 
amplification product. Relative expression was 
measured using Livak method with 2-∆∆CT equation.

RESULTS

Relative expression of Oct-4 mRNA
 Figure 1 shows that Oct-4 mRNA 
expression in keloid tissues was lower by a half 
compared with that in normal preputial skins.

Relative expression of ALDH1 mRNA
 Figure 2 shows that ALDH1 mRNA 
expression in keloid tissues was lower by three-
fourths compared with that in normal preputial 
skins.

DISCUSSION

 Oct-4, one of the widely used stemness 
markers, is a master pluripotency and embryonic 
stem cell regulating gene. A previous study proved 
that high expression of Oct-4 is consistently 
associated with cancer stem cell (CSC)-like 
populations responsible for recurrent and resistant 
diseases.12 Oct-4 was positively identified from 
human keloid-derived MSCs6 and microvessels of 
keloid-associated lymphoid tissue (KALT).7

 Similar to Oct-4, Nakahata et al stated 
ALDH1 as a marker for CSC and was identified 
in different types of pediatric solid tumors.13 
Up-regulation of ALDH1 was identified in keloid 
scar; this result possibly indicated the presence of 
CSC-like population within the scar.14 ALDH1 was 
also positively identified in keloid keratinocytes15 
and keloid-derived stem cells (KDSC).16 The 
existence of stem cell markers in keloid may play 

Table 1. Primer pairs used for qRT-PCR

qRT-PCR=quantitative reverse transcription–polymerase chain reaction; Oct-4=octamer-binding transcription factor-4; 
ALDH1=aldehyde dehydrogenase-1

Figure 1. Relative expressions of Oct-4 mRNA in preputial 
skin and keloid tissue showed insignificant difference 
(p=0.485; t-test). 

an important role in keloid pathogenesis.

 This study showed the expressions of Oct-
4 and ALDH1 in keloid and in normal skin. The 
expressions of Oct-4 and ALDH1 mRNA decreased 
in keloid tissues compared with those in normal 
skin. These results suggest the lower stemness 
of keloid tissue than normal skin. The low 
expressions of Oct-4 and ALDH1 mRNA in keloid 
tissue could be due to the excellent differentiation 
of keloid stromal cells into myofibroblast in 
comparison with normal skin cells. In the wound 

Figure 2. Relative expression of ALDH1 mRNA in preputial 
skin and keloid tissue showed insignificant difference 
(p=0.127; t-test).

Forward Reverse
18S 5’-AACGGCTACCACATCCAAG-3’ 5’-CCTCCAATGGATCCTCGTTA-3’
Oct-4 5’-GAGGAGTCCCAGGACATCAAA-3’ 5’-AGCTTCCTCCACCCACTTCT-3’
ALDH1 5’-GGAGGAAACCCTGCCTCTTTT-3’ 5’-TTGGAAGATAGGGCCTGCAC-3’
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healing response, keloid formation is preceded 
by activation of immune cells and fibroblasts, 
which act as the major players in keloid growth.17 
The differentiation process was identified by up-
reregulation of collagen-1, alpha-smooth muscle 
actin (α-SMA), and thrombospondin-1 in keloid 
fibroblast culture.18 Wulandari et al19 also showed 
the up-regulation of collagen-1 and collagen-3 at 
the mRNA and protein levels in keloid tissues.

 Based on previous studies,2 keloid 
possesses a similar characteristic with benign 
tumors. Hence, keloid is assumed to possess 
higher stemness characteristic compared with 
normal tissues. By contrast, the results of this 
study showed that keloid tissue exhibited similar 
stemness characteristic to normal tissues. This 
result might be due to the different ages of the 
control and keloid subjects. The keloid subjects’ 
mean age was much higher than that of the control 
subjects (26 vs 5 years old). Therefore, this 
discrepancy might explain the lower stemness 
markers in keloid subjects. In addition, the 
levels of expressions of Oct-4 and ALDH1 in one 
control subject were extremely high compared 
with those of other control and keloid subjects. 
The low expressions of stemness markers in this 
study might be proposed to predict low keloid 
recurrence, as Oct-4 and ALDH1 are associated 
with cancer recurrence.12 However, a further 
cohort study is required to prove the association 
between stemness markers and keloid recurrence.

 This study presented several limitations. 
First, normal tissues as controls were not derived 
from the same subjects. Each donor may present 
different patterns of stemness characteristics 
due to the differences in age and location of scar. 
Also, the number of samples was limited as most 
keloid patients prefer to undergo other therapies 
such as topical steroid treatment rather than 
keloid surgery. The other limitation was sample 
preparation, in which separating the dermis and 
epidermis using a scissor and tweezer could 
remove the reticular dermis. On the other hand, 
other studies stated that KDSC are located in the 
reticular dermis, which is located directly beneath 
the epidermis layer.3,7

 This study concludes that keloid tissues 
express Oct-4 and ALDH1 as stemness markers, 
and the stemness characteristics of keloid might 
be similar to a normal skin.
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ABSTRACT

Background: Indonesian seawater has been found to contain a high level of lead acetate and tends to become toxic. The previous 
study suggested lead acetate exposure could be harmful to many organs including the brain, liver, heart, as well as the reproductive 
system. This study aimed to analyze the effect of lead acetate on both the uterine level of malondialdehyde (MDA) level and 
endometrial thickness in female Wistar rats (Rattus norvegicus).

Methods: Twenty-four rats were divided into 4 groups: 1 control group, and 3 treatment groups that were given lead acetate at 
30, 100, and 300 ppm p.o./day for 30 days, consecutively. Rats were sacrificed; the uterus was isolated and processed for both 
MDA level measurements (using TBARS and a spectrophotometer) and histopathology using hematoxylin-eosin (HE) staining.

Results: There was no significant difference in mean MDA level between the control and lead acetate administration groups. 
There was a reduction in endometrial thickness from 352.6±81.88 µm in the control group to 323.5±90.67 µm; 313.6±40.30 µm; 
303.4±62.75 µm in 30, 100, and 300 ppm, respectively. Consequently, spacious uterus was observed reflects the endometrial 
damage, including the decrease in the size of the epithelium, columnar, stroma, and lumen in the whole part of the uterus and 
these differences in uterine thickening was considered statistically significant (p=0.005).

Conclusion: Lead acetate could reduce the thickness of the endometrium but had no effect on the level of MDA in the uterus.
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 Lead acetate exposure is a dangerous 
issue worldwide. In Indonesia, more than 0.03 
ppm lead acetate contamination in bodies of water 
has been determined.1,2 This condition could lead 
to contamination by lead acetate in the drinking 
water, fish, and food entering the human body and 
may result in damage to both organs and cells.3 
Recent studies suggested that the exposure of 
lead acetate poses a serious threat to all systems 
in the human body. One of the systems that heavily 
affected is the reproductive system, which is one 
of most sensitive and complicated system in our 
body. Lead acetate could affect various organs 
and both cellular and subcellular processes that 
comprise sophisticated reproductive systems in 
the body, including the gonadotropin-releasing 
hormone (GnRH) axis, hormone regulation, the 
uterus, and endometrial thickness.4

 Lead acetate derives its toxicity by 
enhancing a reactive oxygen species (ROS) and 
causing an imbalance in the level of oxidants and 
antioxidants thus lead to oxidative stress. This 
condition can progressively damage the lipid 
membrane and deoxyribonucleic acid (DNA) in 
line with increases in the MDA level.5 The presence 
of this MDA protein is a marker of oxidative stress, 
released by the process of lipid peroxidation. In 
addition, exposure to lead acetate induces an 
unstable state in the cells and MDA is released as 
a marker of “danger cells.”6

 From a reproductive perspective, the 
damage caused by lead acetate is not only at 
the reproductive organs but also the function 
of the hypothalamus-pituitary gland.7 However, 
the exact mechanism by which lead acetate 
causes specific organ damage has not yet been 
elucidated. Therefore, this study aimed to analyze 
the effect of lead acetate to uterine MDA level and 
endometrium thickness in female Wistar rats.

METHODS

Experiment
 Female Wistar rats were used for the 
study. Rats were 10–12 weeks old, weighed 
100–200 g, both obtained and maintained from 
the Pharmacology Laboratory of Universitas 
Brawijaya in Malang, and were acclimatized. 
During the experiment, they were housed under 
standard conditions with standard feed and 

drinking water provided ad libitum. Twenty-
four rats were divided into four groups (n=6), 
consisting of 1 control group and 3 treatment 
groups. The three treatment groups received lead 
acetate trihydrate (Merck) dissolved in aquadest 
with a dose of 30 ppm, 100 ppm, and 300 ppm. 
Thirty ppm was used as the minimum standard 
for lead acetate consumption in humans, and 
subsequent doses were calculated by the 
arithmetic approach.4 Lead acetate was given per 
day via lavage for 30 days, whereas the control 
group was only given aquabidest via lavage. On 
the 31st day, a vaginal swab was performed to 
evaluate the estrus cycle. Rats were sacrificed 
during the proestrus phase under anesthetic 
using an intramuscular (IM) injection in the 
thigh with 1% ketamine at a dose of 0.2 mL. The 
experimental protocol was approved by the Ethics 
Committee of Universitas Brawijaya No.261/EC/
KEPK_S2/06/2016.

Uterine MDA level measurement
 Uterine tissue samples were cut and 
crushed in a cold porcelain mortar, placed in ice 
(4o C). Next, phosphate buffered saline was added, 
boiled at 100o C for 30 minutes, and cooled down. 
Then, samples were centrifuged at 3000 rpm for 
10 minutes, the supernatant was collected, and 
the malondialdehyde (MDA) level was measured 
by the thiobarbituric acid (TBA) method with the 
spectrophotometer set a wavelength of 532 nm.

Endometrial histopathology
 Uterine tissue was dissected into 2–3 
mm transverse sections and then fixed in 10% 
buffered formalin. Uterine tissue was cut into 
a 3–5 µm thick section and stained for HE. 
Observation of endometrial thickness was 
captured using a dot slide camera of Olympus 
XC10, and measured using Olyvia software at a 
magnification of 400x. The result was calculated 
from observations of measurements of the 
average length between the inner and outer 
layers of the uterus in the 4 quadrants.

Statistical analysis
 Statistical analysis was performed using 
the SPSS program (Version 20.0, SPSS Inc, IBM) 
with a one-way analysis of variance (ANOVA), 
followed by a post-hoc test least squares differences 
(LSD), and finally a correlation test with a Pearson 
product moment. The value was expressed as the 
mean±standard deviation (SD), the confidence 
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interval was decided as 95%, and p-value of <0.05 
was considered statistically significant.

RESULTS

Lead acetate regulated MDA level in rat uterine 
tissue
 This study showed that administration of 
lead acetate slightly increased the MDA level in 
the lead acetate group (Figure 1).

Lead acetate mitigated endometrial thickness 
in rats
 Lead acetate reduced the thickness of 
the endometrium (Figure 2). This decrease was 
significantly different in line with increasing 
dose (p=0.005). In addition, alteration in the 
uterus is shown in Figures 2 and 3. Compared 
with the control group, the uterus of rats treated 
with 30 ppm displayed a uniform reduction in 
the thickness of the endometrium (Figure 2B) 
whereas there was an extensive reduction in 
uterine thickness of rats that were administered 
100 ppm lead acetate (Figure 2C). Uterine 
changes in rats treated with 300 ppm lead acetate 
were more severe and had a massive reduction in 
uterine thickness. Due to reduced thickness of the 
endometrium, a more spacious uterus was found 
in all parts of the uterus as shown in Figure 3.

DISCUSSION

 General exposure of lead acetate could 
occur via inhalation, digestion, as well as dermal 
contact. Oral exposure is one of the crucial methods 
lead acetate infiltrates the bodies of humans and 
animals. About 5%–10% of lead acetate can be 
absorbed through the digestive mucosa whereas 
children can absorb 30%–40%.8 After these 
absorptions, the lead acetate will be discovered in 
the blood, especially in erythrocytes (99%) and in 
serum (1%).9 Lead acetate exposure could induce 
damage to erythrocytes by shortening their life 
cycle, especially in membrane transport cells, thus 
the ion transport across the cell membrane will be 
disturbed. Consequently, impairment of oxygen 
delivery to the body affects the comprehensive 
damage in all of part of the body.10

 Lead acetate has the possibility of 
inducing oxidative stress leading to the generation 

of a high level of free radicals and the reduction 
of the antioxidant reaction. In this study, we 
assessed the effect of lead acetate administration 
on oxidative change as well as its influence on 
reproductive organ alteration in rats. Ayala et al 
showed that lead acetate administration leads to 

Figure 1. Evaluation of MDA levels in rats following 30 days 
post-exposure at 0, 30, 100, and 300 ppm in drinking water. 
Data are presented as mean±standard error with p=0.255

Figure 2. Evaluation of endometrial thickness in rats 
following 30 days post-exposure at 30, 100, and 300 ppm 
in drinking water. Data are presented as mean±standard 
deviation with p=0.005: (A) Box graph representing 
endometrial thickness in each group with *p=0.005; (B) 
Control group; (C) Exposure of lead acetate 30 ppm; (D) 
Exposure of lead acetate 100 ppm; (E) Exposure of lead 
acetate 300 ppm
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an increased oxidative stress, MDA is discovered 
during the process of polyunsaturated fatty acid 
peroxidation in the cell as the final product that 
is produced when exposed to an environment 
with a high level of free radicals including lead 
acetate.6 This study demonstrated that the 
exposure of lead acetate orally could unstably 
increase the MDA level in the uterus of rats that 
were among experimental groups. In addition, 
during the statistical analysis, we found that there 
was no significant difference between the control 
group and treatment groups (and, therefore, 
excluded this as the pathway of oxidative stress 
in this study). The sources of these discrepancies, 
including variation in sample preparation, dose-
dependent manner, as well as the period of lead 
acetate exposure could be the main reason of 
this result In addition, with the higher dose of 
lead acetate exposure, the body will construct a 
specific mechanism to disguise MDA production 
by secreting metallothionein (MT). MT both 
acts as an antioxidant and binds heavy metals. 
Consequently, at a higher dose of lead acetate 
exposure, the MDA level will be suppressed at a 
relatively constant level.9

 Endometrial thickness showed a 
significant decrease (p=0,005) as the dose of lead 

acetate was progressively increased from 30, 100, 
and 300 ppm orally in rats as shown in Figure 
2. Lead acetate tends to impair all aspects of 
reproductive organs including the endometrium, 
myometrium, and perimetrium due to the 
inactivation of many uterine glands or altering 
uterine glandular secretion. An imbalance in the 
environment developed because of the defect of 
enzymes, growth factors, cytokines, lymphokines, 
hormones, and transport proteins.4,11 Moreover, 
the thinness of the endometrium is also shown 
in the Figure 3 and reflects the thickness of the 
endometrium in the whole uterus; thus, a more 
spacious uterus was found and the reduce the 
probability of nidation during the window of 
implantation.12 In humans, a thin endometrium 
will decrease the probability of achieving 
successful in vitro fertilization (IVF) rates. For 
this reason, increasing the thickness of the 
endometrium is necessary to obtain an optimal 
pregnancy outcome.13–15

 Direct prevention is difficult to achieve 
because of a widespread of lead acetate in the 
water that is used for drinking, cooking, as well as 
natural habitat for fish in Indonesia. Nevertheless, 
the prevention program to mitigate exposure 
of lead acetate should be recommended for 
implementation because of the damaging effects 
of lowering the quality of reproductive organs.3 

However, our study has a limitation. While 
observing the MDA level in the uterus of rats 
exposed to lead acetate, the results indicated that 
the MDA level increased along with an rise of the 
lead acetate dose; however, it was not statistically 
significant. We believe that this goal is important, 
but could be accomplished by using chronic lead 
acetate exposure with a more definitive result.

 In conclusion, lead acetate exposure 
in rats reduce in uterine thickness but had no 
specific effect on MDA level in the uterus when 
compared with the control group.
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ABSTRACT

Background: The beneficial effects of long-chain polyunsaturated fatty acid (LCPUFA) on maternal health have been widely 
investigated in pregnant women. First-trimester supplementation of LCPUFA has been reported to play a role in the inflammatory 
response, thus reducing a preterm birth and preeclampsia. However, there is a lack of studies investigating the blood concentration 
of LCPUFA in pregnant women in Indonesia. This study was conducted to evaluate the status of LCPUFA in first-trimester pregnant 
women in Jakarta, Indonesia.

Methods: A descriptive study was conducted using the secondary data of 197 pregnant women in their first trimester who 
received antenatal care in Budi Kemuliaan Hospital during February 2012 to April 2015. Nutrient intake data were collected 
through interviews conducted using a semi-quantitative frequency food questionnaire (SQ-FFQ). Total concentrations of linoleic 
acid (LA), arachidonic acid (AA), alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) were 
measured using gas-chromatography/mass spectrometry (GC-MS). Statistical analysis of the data was conducted using SPSS 20.0.

Results: Most subjects had deficient blood concentrations of LA (74.1%), AA (85.3%), ALA (76.6%), and DHA (73.1%). The median 
total concentrations of LA, AA, ALA, EPA, and DHA were as follows: 76.08%, 14.97%, 2.64%, 6.36%, and 1.18%, respectively. The 
median EPA+DHA level was 7.98%. A total of 38 women (19.3%) were classified as high-risk subjects based on the omega-3 
index. No correlation was observed between total DHA+EPA concentration and birth weight (r=0.027, p=0.709). However, a 
significant difference was detected between the concentrations of LA, AA, and ALA and the maternal body mass index (p<0.05).

Conclusion: Most subjects had low intake and blood concentrations of LA, AA, ALA, EPA, and DHA in the first trimester of 
pregnancy.
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 Long-chain polyunsaturated fatty acid 
(LCPUFA) is widely known for its vital role in 
pregnancy outcome. Maternal LCPUFA deficiency 
has been reported to increase the risks of 
preeclampsia, preterm birth, and fetal growth 
restriction.1–3 Docosahexaenoic acid (DHA), 
eicosapentaenoic acid (EPA), and arachidonic 
acid (AA) have been demonstrated to exert a 
proangiogenic effect in extravillous trophoblast 
cell lines. Carvajal demonstrated that DHA reduces 
oxidative stress, which is the key role in deep 
placentation disorders.4 It has also been suggested 
that DHA is partly responsible for the inhibition of E2 
and F2 prostaglandins involved in the ripening of the 
cervix and relaxes uterine smooth muscles through 
increased production of PGI2 and PGI3 levels.1

 AA, EPA, and DHA are the major LCPUFAs that 
are formed from the fatty acid precursors alpha-
linolenic acid (ALA) and linoleic acid (LA). Both ALA 
and LA are essential fatty acids that must be obtained 
from foods such as vegetable oils and soybean.5,6 

The fetus is capable of converting ALA into DHA and 
LA into AA; however, sufficient LCPUFA is needed to 
provide and meet the high requirements. Therefore, 
fetal LCPUFA supply is highly dependent on the 
maternal dietary intake of DHA and AA.5

 Current review recommends 200 mg DHA 
per day for pregnancy and lactation. DHA intake must 
be balanced with the intake of AA, since DHA intake 
might increase the susceptibility to AA deficiency. 
DHA intake must be accompanied by a sufficient 
supply of AA with a ratio of 2:1 of AA:DHA.5,7 The 
timing of the supplementation should probably start 
as early as the first trimester in pregnancy, as it has 
been reported that after 16 weeks of pregnancy, the 
supplementation failed to demonstrate an effect.4 

Although there are studies on LCPUFA regarding 
its beneficial effects on maternal and fetal health, 
there is a lack of research on the status of LCPUFA in 
pregnant women population. Till date, there are no 
data regarding the blood concentration of LCPUFA in 
pregnant women in Indonesia. Therefore, this study 
was conducted to evaluate the status of LCPUFA in 
first-trimester pregnant women in Indonesia.

METHODS

 Data were obtained from two previous 
interventional studies conducted in Budi 
Kemuliaan Hospital, Jakarta, during February 

2012 to April 2015, which were approved by the 
Ethical Committee for Research in Human from 
the Faculty of Medicine, Universitas Indonesia (No. 
480/PT02.FK/ETIK/2012 and No. 71/H2.F1/
ETIK/2013). This investigation was a descriptive 
analytic study of 197 pregnant women in their 
first trimester who received antenatal care. 
The inclusion criteria were women of no more 
than 13 weeks of gestational age. The exclusion 
criteria were subjects with incomplete data. All 
the subjects agreed to participate in this study.

 The basic characteristics of the subjects, e.g., 
maternal age, education, occupation, and body 
mass index (BMI), were examined. The term “highly 
educated” was defined as a junior high graduate and 
above. BMI was categorized into low BMI (<18.5 
kg/m2), normal BMI (18.5–22.9 kg/m2), and high 
BMI (≥23 kg/m2) according to the World Health 
Organization classification of BMI and modified for 
Asians. BMI examination was performed during the 
first visit in the first trimester. The data presented 
were nutrient intake from subjects’ recall using a 
semi-quantitative frequency food questionnaire 
(SQ-FFQ) for a month and the blood test results 
of a blood count and nutrient levels. The FFQ data 
were then converted into food nutrient intake 
using the Nutrisurvey program with food database 
from Indonesia.

 Samples for the first-trimester blood 
analysis were obtained between 6 and 13 weeks 
of gestation. The total concentrations of LA, AA, 
ALA, EPA, and DHA were measured using gas-
chromatography/mass spectrometry (GC-MS). 
Data were analyzed using SPSS 20 and presented 
as mean±SD if normally distributed and as 
median (minimum–maximum) if not normally 
distributed. The Spearman or the Pearson test 
was performed to determine the correlation 
between variables.

RESULTS

Characteristics of the subjects
 A total of 197 pregnant women in their 
first trimester were included in this study. 
The characteristics of the subjects are shown 
in Table 1. The median age was 29 (19–43) 
years, which was within the range of optimal 
reproductive age. Most subjects were highly 
educated (94.4%), working (56.3%), and had 
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BMI above the normal range (47.2%). During 
the observation, there were five subjects (2.5%) 
undergoing preterm labor and seven subjects 
(3.6%) with hypertension in pregnancy, and 
nine babies (4.6%) had low birth weight.

First-trimester PUFA status and intake
 Details regarding the intake and status of 
PUFA of subjects in the first trimester are shown 
in Table 2. Most of the subjects had low blood 
concentrations of LA (74.1%), AA (85.3%), ALA 
(76.6), and DHA (73.1%). The median (range) 
values of LA [1360.55 (20.13–8986.67)], AA 
[300 (21.97–874.91)], ALA [24.87 (1.15–544.9)], 
and DHA [17.98 (1.19–163.49)] were below the 
normal range.

 The total concentration of fatty acids is 
expressed as the % weight of total fatty acids. 
The total concentrations of omega-6 fatty 

acids were 76.08 (range: 2.8–97.81) for LA 
and 14.97 (range: 1–88.43) for AA. The highest 
concentration was found for the omega-3 fatty 
acid EPA [6.36 (range: 0.08–64.46)]. Based on 
the omega-3 index, i.e., the sum of EPA and DHA, 
a total of 38 subjects (19.3%) were found to be 
at high risk. The median omega-6 to omega-3 
ratio was 9.33 (range: 0.51–348.84).

 Regarding the daily intake of PUFA, there 
was a correlation between PUFA intake and total 
AA (r=0.199, p=0.005) and total LA (r=0.158, 
p=0.027) concentrations. However, no correlation 
existed between total DHA+EPA concentration 
and birth weight (r=0.027, p=0.709).

 A nonparametric test was conducted to 
determine the significant differences between 
maternal BMI and LCPUFA concentrations. 
We detected significant differences in ALA 
concentrations between subjects with BMI <18.5 
and those with BMI >23 (p=0.005) and between 
subjects with normal BMI and those with high 
BMI of >23 (p=0.022). The ALA concentrations 
were higher in subjects with BMI >23 than those 
in subjects with lower BMI.

DISCUSSION

 The blood concentrations of DHA were 
found to be lower in this study than in several 
studies.8–9 Dwarkanath et al10 also reported 
similar DHA levels in the first trimester in 
pregnant women in India, with a median value 
of 1.97 (range: 1.57–2.65) μM. Based on the 
first systematic review on the global status of 
PUFA, our findings fell into the higher category of 
EPA+DHA. Stark et al categorized EPA+DHA levels 
into very low (<4%), low (>4%–6%), moderate 
(>6%–8%), and high (>8%). Although the PUFA 
intake of Southeast Asian nations fell into the 
very low category, most of the subjects in this 
study had an omega-3 index of >4.11

 The median PUFA intake [4.15 (range: 
0.10–15.00) g/day] was lower than the 
recommended daily allowance (RDA) of the 
Decree of Ministry of Health of Republic Indonesia 
No. 75 year 2013, which is 15.4 g/day.12 This 
study also demonstrated that most of the subjects 
had low blood concentrations of all omega-6 and 
omega-3 fatty acids, except EPA. This result is 

Table 1. Characteristics of the subjects (n=197)

*Median (minimum–maximum)

Variable Frequency (%)
Maternal age (years) 29 (19–43)*
Education
      Highly educated 186 (94.4)
      Low educated 11 (5.6)
Occupation
      Working 111 (56.3)
      Housewife 86 (43.7)
BMI
      Low 
            Underweight (<18.5) 19 (9.6)
      Normal
            Normal (18.5–22.9) 81 (41.1)
      High
            Overweight (23–24.9) 28 (14.2)
            Pre-obese (25–29.9) 52 (26.4)
            Obese (≥30) 13 (6.6)
Gestational age at delivery
      Term (≥37 weeks) 192 (97.5)
      Preterm (<37 weeks) 5 (2.5)
Hypertension in pregnancy
      Yes 7 (3.6)
      No 190 (96.4)
Birth weight (g) 3200 (800–4250)*
      <2,500 9 (4.6)
      ≥2,500 188 (95.4)
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consistent with Angkasa et al who observed that 
pregnant women in Jakarta had a low total intake 
of omega-3 fatty acids, which was associated with 
lower newborn weights.13 As Jakarta is an urban 

city comprising multicultural citizens with a 
wide gap of educational and financial status, the 
source of fat intake varies. However, Hatma et 
al14 investigating the intake of fatty acids among 

Variable Median (min–max) n (%)
Blood concentration (μMol/L)
      Omega-6
            LA 1360.55 (20.13–8986.67)
                  Low (<2270) 146 (74.1)
                  Normal (2270–3850) 42 (21.3)
                  High (>3850) 9 (4.6)
            AA 300 (21.97–874.91)
                  Low (<520) 168 (85.3)
                  Normal (520–1490) 29 (14.7)
      Omega-3
            ALA 24.87 (1.15–544.9)
                  Low (<50) 151 (76.6)
                  Normal (50–130) 37 (18.8)
                  High (>130) 9 (4.6)
            EPA 20.35 (0.06–218.11)
                  Low (<14) 78 (39.6)
                  Normal (14–100) 89 (45.2)
                  High (>100) 30 (15.2)
            DHA 17.98 (1.19–163.49)
                  Low (<30) 144 (73.1)
                  Normal (30–250) 53 (26.9)
Total concentration (%)
      Omega-6
            LA 76.08 (2.8–97.81)
            AA 14.97 (1–88.43)
      Omega-3
            ALA 2.64 (0.05–25.77)
            EPA 6.36 (0.08–64.46)
            DHA 1.18 (0.12–23.21)
      Omega-3 index (EPA+DHA)
            High risk (<4) 38 (19.3)
            Intermediate risk (4–8) 61 (28.0)
            Low risk (>8), n (%) 98 (49.7)
      Omega-6 to omega-3 ratio, median (min–max) 9.33 (0.51–348.8)
            Low (<3.4) 3 (1.5)
            Normal (3.4–10.7) 97 (49.2)
            High (>10.7) 97 (49.2)
Daily Maternal Intake 
            PUFA (g) 4.00 (0.10–15.00)

Table 2. First-trimester PUFA status and intake

LA=linoleic acid; AA=arachidonic acid; ALA=alpha-linolenic acid; EPA=eicosapentaenoic acid; DHA=docosahexaenoic acid; 
PUFA=polyunsaturated fatty acid
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diverse ethnic groups in Indonesia found that 
the ethnic groups Minangkabau, Sundanese, 
Javanese, and Buginese had a lower PUFA intake 
than the Indonesian RDA (4.7, 8.8, 6.1, and 3.7 
g/day, respectively), with the fatty acid ratio, 
presumed as the ratio of polyunsaturated fatty 
acids to saturated fatty acids (SFAs), being 
approximately or <0.2, which is considered as an 
atherogenic diet. Indeed, a systematic review on 
the intake of fatty acids in 40 countries found that 
the mean Indonesian PUFA intake is 3.5 g/day, 
ranking the second lowest in the list. In contrast, 
a low PUFA intake was accompanied by a high 
intake of SFAs. This might be caused due to the 
high consumption of coconut and palm oils that 
contain a high proportion of SFAs.15

 The median omega-6 to omega-3 ratio 
was 9.33, which falls into the normal range, i.e., 
3.4–10.7.Over the years, the dietary shift toward 
a “western diet” containing excessive levels of 
omega-6 PUFAs but very low levels of omega-3 
PUFAs has resulted in a drastic change in the ratio 
to about 20–30:1. The metabolism of omega-6 
PUFA is considered to be proinflammatory, 
whereas the metabolism of omega-3 PUFA 
produces anti-inflammatory lipid mediators. 
The metabolic products from AA, the simplest 
form of omega-6 PUFA, are prostaglandins, 
thromboxanes, leukotrienes, hydroxy fatty 
acids, and lipoxins, which contribute to the 
formation of thrombus and atheroma, rendering 
the physiological state to proinflammatory, 
prothrombotic, and proaggregatory. Omega-3 
PUFA inhibits the production of nuclear factor-
kappa beta (NFκB), which is a transcription 
factor for several proinflammatory cytokines 
such as TNF-α and IL. It also reduces the gene 
expression of IL-6 and IL-1β. Foods considered to 
be high in omega-6 PUFA include refined oil that 
is frequently used in processed food and cakes, 
peanuts, almonds, cashews, pumpkin seeds, 
and coconut oil. Omega-3 PUFA can be obtained 
primarily from fatty fish such as mackerel, salmon, 
sardines, and anchovies, as well as flaxseeds, chia 
seeds, and soybeans.16,17

 We acknowledge certain limitations 
in this study. The study population from Budi 
Kemuliaan Hospital primarily included patients 
from Central Jakarta, and therefore, it did not 
represent the population of Jakarta. In addition, 
we did not evaluate the financial status of the 

subjects, which has a great influence on the 
nutrient intake pattern. The FFQ method used in 
this study depended on the subjects’ memory, thus 
rendering it less objective despite the utilization 
of a food model to reduce bias.

 In conclusion, most pregnant women in 
Jakarta had low intake and blood concentrations 
of LCPUFA, except for the blood concentration 
of EPA. Hence, understanding the importance of 
PUFA to support fetal growth and development as 
well as to prevent poor pregnancy outcome and 
encouraging increased intake of PUFA through 
meals or supplementation are imperative, in 
addition to reducing the omega-6 to omega-3 
ratio and increasing the P/S ratio.
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ABSTRACT

Background: Serrated adenocarcinoma (SA), a subtype of colorectal carcinoma, and the KRAS mutation, a strong marker for 
the patient’s response to anti-epidermal growth factor receptor therapy, have a clinical importance because of its progressive 
nature and tendency for chemoresistance. The purposes of this study were to (1) determine the prevalence of SA, (2) evaluate 
the histomorphological characteristics of SA and classical adenocarcinoma based on its prognostic factors, (3) determine the 
prevalence of the KRAS mutation in SA cases, and (4) identify the main characteristics of SA cases and classical adenocarcinoma 
with a KRAS mutation.

Methods: This study was conducted by reviewing hematoxylin-eosin-stained slides of colorectal carcinoma (CRC) cases from 
January 2013 to July 2015 at the Department of Anatomical Pathology Cipto Mangunkusumo General Hospital. The final diagnosis 
of SA was based on the Tuppurainen et al criteria and the KRAS mutation was evaluated using real-time polymerase chain reaction.

Results: Among the 117 adenocarcinoma cases, there were 41 unequivocal SA, 11 equivocal SA, and 65 classical adenocarcinoma. 
The prevalence rates of unequivocal and equivocal SA among all CRC cases were 7.7% and 2.1%, respectively. There were 11 
(28.2%) cases of wild-type KRAS and 28 (71.7%) cases of mutated KRAS among all unequivocal SA cases. Tumor budding (TB) 
was the predominant prognostic factor.

Conclusion: The prevalence of SA among all CRC cases was 7.7%. The KRAS mutation was found in almost three-quarters of all 
SA cases.
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 The 2014 World Cancer Report revealed 
that colorectal carcinoma (CRC) is the third most 
common cancer in the world and contributes to 
10% of the global burden of cancer. Furthermore, 
CRC is the fourth most prevalent cause of cancer-
related deaths regardless of gender.1–3 A similar 
epidemiological pattern is seen in Indonesia, 
where CRC prevalence has been steadily 
increasing over the past decade and most recently 
made up approximately 10% of the total number 
of cancers, as reported by The Indonesian Cancer 
Registration Agency.4

 The most common histological type of 
CRC is adenocarcinoma, constituting 80% of all 
CRC cases. This type is known for its invasive na-
ture and high distant metastasis rate.5 Based on 
the 2010 World Health Organization (WHO) clas-
sification, adenocarcinoma of the colon is divided 
into seven histological subtypes: (1) adenocarci-
noma (classic type, not otherwise specified/NOS), 
(2) cribriform-comedo carcinoma, (3) mucinous 
adenocarcinoma, (4) medullary adenocarcinoma, 
(5) micropapillary adenocarcinoma, (6) signet 
ring-cell adenocarcinoma, and (7) serrated ade-
nocarcinoma (SA).2

 There has been a growing interest in 
studying SA over the last few years, particularly 
after discovery of the serrated pathway of CRC, 
which contributes to the rapidly progressive 
behavior and chemoresistance of CRC.6,7 
Through mutations in KRAS and some other 
genes, the serrated pathway causes progressive 
changes in serrated polyps, including sessile 
serrated adenoma (SSA) and traditional serrated 
adenoma (TSA), into carcinoma.6 Cases of CRC 
that show rapid tumor growth and poor survival 
rates are thought to arise from this alternative 
pathway.7

 However, diagnosing SA remains a 
challenge for many pathologists due to the 
lack of definite histomorphological diagnostic 
criteria.2,8 The 2010 WHO criteria state that 
SA histomorphology can resemble that of 
SSA, which is not entirely helpful since SSA 
is often difficult to recognize. Because of this 
uncertainty, many academic centers do not 
use SA as a routine diagnostic term. Some 
researchers have proposed other criteria to 
assist with the diagnosis of SA as reported by 
Tuppurainen et al.8

 KRAS is an oncogene that plays an 
important role in the carcinogenesis of CRC. 
The KRAS gene produces a protein that binds 
guanosine triphosphate (GTP) and guanosine 
diphosphate (GDP). This protein is located 
in the inner layer of the cell membrane and 
functions as an “on-off” switch to regulate signal 
transduction of GTP and control cell growth and 
differentiation.9 A mutation in the KRAS gene 
contributes to CRC resistance to anti-epidermal 
growth factor receptor (anti-EGFR) targeted 
chemotherapeutic agents, such as panitumumab 
and cetuximab, making KRAS mutational status 
a suitable predictive marker for the therapeutic 
response. Using the KRAS mutational status 
as a guide, oncologists are more confident 
determining which patients with SA would be the 
best candidates for anti-EGFR targeted therapy.9

 No data are available in Indonesia on 
the prevalence of SA and its KRAS mutational 
status. The purposes of this study were to: (1) 
determine the prevalence of SA, (2) evaluate the 
histomorphological characteristics of SA and 
classical adenocarcinoma based on its prognostic 
factors, (3) determine the prevalence of the 
KRAS mutation in SA cases, and (4) identify the 
main characteristics of SA cases and classical 
adenocarcinoma with the KRAS mutation.

METHODS

 This study was conducted in the 
Department of Anatomical Pathology and the 
Molecular Pathology Laboratory at Faculty 
of Medicine, Universitas Indonesia, Cipto 
Mangunkusumo Hospital (FMUI-CMH) from 
April to December 2016. Ethical clearance (no. 
406/UN2.F1/ETIK/2016) was obtained from 
the Institutional Review Board of the Faculty of 
Medicine Universitas Indonesia.

 We used a secondary data from 
tissue slides, formalin-fixed paraffin embeded 
(FFPE) blocks, and histopathology examination 
records of all colorectal adenocarcinoma cases 
from January 2013 to July 2015 archived at the 
Department of Anatomical Pathology FMUI/
CMH. Among 528 CRC cases documented 
from January 2013 to July 2015, 137 were 
adenocarcinoma. Twenty adenocarcinoma 
cases were excluded for the following reasons: 
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incomplete or unavailable slides, FFPE blocks, 
or forms (14 cases); suspected to be metastatic 
adenocarcinoma (two cases); and differential 
diagnosis of a neuroendocrine tumor (four 
cases), leaving 117 eligible cases for the study. 
Cases obtained from biopsies must have also 
been excluded, yet there was none of biopsied 
cases met this criteria.

 All eligible cases were validated by 
hematoxylin and eosin (HE) staining. All HE-
stained slides and FFPE tissue blocks were 
evaluated by two pathologists (NR and DRH). 
Using the criteria of Tuppurainen et al,8 the 
evaluators looked for the following eight features, 
i.e., epithelial serrations, eosinophilic or clear 
cytoplasm, abundant cytoplasm, vesicular nuclei, 
prominent nucleoli, the absence of tumor necrosis 
or tumor necrosis <10%, intra or extracellular 
mucin production, and cell balls or papillary 
rods. These cases with at least six of the first 
seven features were classified as “unequivocal 
(definite) SA”, whereas cases with five of all eight 
features were classified as “equivocal (probable) 
SA”.10 Cases that did not meet the criteria for 
unequivocal and equivocal SA were classified as 
“classic adenocarcinoma” or “adenocarcinoma 
NOS”.

 We furthered the evaluation by 
examining the presence of four prognostic factors, 

i.e., lymphovascular invasion, perineural invasion, 
lymphocyte infiltration, and tumor budding 
(TB). KRAS mutational status was evaluated 
only for the unequivocal SA cases. Among the 41 
identified unequivocal SA cases (Table 1), two 
were excluded due to unavailable FFPE blocks. 
The KRAS mutation was analyzed using the real-
time polymerase chain reaction (RT-PCR) with 
the PNAClamp KRAS Mutation Detection Kit 
(Panagene, Seoul, Korea, cat. no. PNAC-1006). 
Deoxyribonucleic acid (DNA) was analyzed using 
DNA extracted from the FFPE block samples 
(Nucleospin DNA FFPE XS; Macherey-Nagel, 
Düren, Germany, cat. no. 740980.50) and DNA 
products were quantified using the NanoVue 
spectrophotometer.

 The polymerase chain reaction (PCR) 
mixture included the KRAS PNA premix, the 
PNA mix, and the G12PNA, G13PNA, A59PNA, 
Q61PNA, K117PNA, and A146PNA probes. The 
DNA process started by mixing the target DNA 
with distilled water, premix, and the probes, 
resulting in a 56 µL DNA mixture, as instructed 
by the kit. The DNA mixture was placed on a 
96-well PCR plate. The plate was covered with 
a film applicator and centrifuged at 1,000 rpm. 
The PCR plate was inserted into an RT-PCR 
machine for 40 PCR cycles consisting of three 
phases, i.e., the denaturation phase at 94°C for 
30 sec, the annealing phase at 63°C for the next 
30 sec, and the extension phase at 72°C for the 
final 30 sec. The RT-PCR machine showed the 
cycle threshold (CT)-value results at the end 
of each phase and automatically transformed 
the results to a Microsoft Excel® spreadsheet 
format.

 The histopathology records provided the 
information about age, gender, tumor location, 
and tumor characteristics (size, tumor growth, 
differentiation, pT stage, lymphovascular and 
perineural invasion, lymph node involvement 
and metastasis, TB, and lymphocyte infiltration) 
of each case. Based on this information, we 
identified the characteristics of the SA cases 
and the KRAS mutation being studied.

 Data processing and analysis were 
performed with the Statistical Package for 
Social Sciences (SPSS)® version 20 (SPSS Inc., 
Chicago, IL, USA). Descriptive statistics were 
used to calculate the prevalence rates of SA 

Among 
adenocarcinoma 

cases

Among total 
CRC cases

Unequivocal SA 41 (35.0%) 41 (7.7%)
Equivocal SA 11 (9.4%) 11 (2.1%)

Classic 
adenocarcinoma 65 (55.6%) 65 (12.3%)

Total number of 
eligible cases 117 (100.0%) n/a

Excluded 
adenocarcinoma 
cases

20 n/a

Total number of 
CRC cases n/a 528 (100.0%)

Table 1. Prevalence of serrated adenocarcinoma (SA) among 
adenocarcinoma and all colorectal carcinoma (CRC) cases

SA=serrated adenocarcinoma
CRC=colorectal carcinoma
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and the KRAS mutation. The four prognostic 
factors and demographic characteristics of 
the SA cases were also analyzed for their 
frequency distributions and associations with 
SA prevalence using the chi-square and Fisher’s 
exact test. A p-value <0.05 was considered 
significant.

RESULTS

 Among the 117 adenocarcinoma 
cases studied, more than half (55.6%) were 
the classic subtype, about one-third (35.0%) 
were unequivocal SA, and the rest (9.4%) were 

Table 2. Prognostic factors among adenocarcinoma and KRAS mutation among unequivocal serrated adenocarcinoma (SA) cases

*Fisher’s-exact test; †chi-square test
SA=serrated adenocarcinoma

Characteristics
Final diagnosis (n=117) KRAS mutation among 

unequivocal SA (n=41)

Total Unequivocal 
SA

Equivocal 
SA

Classic 
adenocarcinoma p Wild 

type Mutant p

Age (years)
      <40 22 (18.8%) 10 3 9

0.543*
2 8

0.504*
      ≥40 94 (80.3%) 31 8 55 9 20
      N/A 1 (0.9%)
Sex
      Male 65 (55.6%) 21 6 38

0.764†
5 15

0.648*
      Female 52 (44.4%) 20 5 27 6 13
Tumor location
      Right colon 21 (17.9%) 6 0 15

0.010*
2 4

0.553†

      Left colon 95 (81.2%) 35 10 50 9 24
Tumor size (cm)
      <3 20 (17.1%) 12 0 8

0.185*
4 8

0.338*      3-5 40 (34.2%) 11 5 24 5 6
      >5 53 (45.3%) 16 6 31 2 12
      N/A 4 (3.4%)
Tumor growth
      Exophytic 72 (61.5%) 30 7 35

0.309*
7 25

0.060*
      Non-exophytic 30 (25.6%) 6 3 21 4 3
      N/A 15 (12.8%)
Tumor differentiation
      Well-differentiated 112 (95.7%) 40 10 62

0.613*
11 27

0.718†      Poorly
      differentiated 5 (4.3%) 1 1 3 0 1

pT
      T1 T2 17 (14.5%) 7 1 9

0.779†
1 5

0.447†

      T3 T4 100 (85.5%) 34 10 56 10 23
Lymph node
      N0 51 (43.6%) 17 5 29

0.843*
5 18

0.282*
      N1 N2 60 (51.3%) 21 5 34 6 10
      N/A 6 (5.1%)
Metastasis
      Not present 104 (88.9%) 38 9 57

0,193*
9 27

0.187†

      Present 14 (12.0%) 3 3 8 2 1

http://mji.ui.ac.id
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equivocal SA (Table 1). The prevalence rates of 
unequivocal SA and equivocal SA among all CRC 
cases were 7.7% and 2.1%, respectively.

 Table 2 shows the relatively similar 
characteristics between unequivocal SA in 
general and cases with the KRAS mutation, 
except there was no lymph node involvement 
in unequivocal SA cases with the mutant KRAS 
gene. Unequivocal SA was more frequent among 
adults ≥40 years and was more commonly found 
in the left colon. The majority of the tumors were 
>5 cm in diameter with a well differentiated 
exophytic tumor growth pattern. The most 
common pathological tumor extension grades 
were T3 and T4 with N1 and N2 lymph node 
involvement and no metastasis.

 Table 2 also shows the distribution of 
prognostic factors among all adenocarcinoma 
cases. Mild lymphocyte infiltration was 
significantly more likely to occur in 
adenocarcinoma regardless of the subtype. TB 
was the most predominant prognostic factor 
found in unequivocal SA (32 of 41 cases). 
As shown in Table 3, there were 28 (71.7%) 
cases of unequivocal SA with the KRAS gene 
mutation. The two most common locations for 
this mutation were codon 12 (53.8%) and codon 
13 (12.8%). Histomorphological appearance 
of serrated adenocarcinoma (SA) case and its 
prognostic factors can be seen in figure 1, figure 
2, and figure 3.

DISCUSSION

 SA results from malignant 
transformation of serrated polyps, such as SSA and 
TSA, through the serrated pathway.11,12 This type 
of carcinoma was first introduced by Jass et al13 

followed by the proposed morphological criteria 
of Tuppurainen et al8 and was finally recognized 
by the WHO as colon adenocarcinoma in 2010.2 

About 7.7% and 2.1% of cases were diagnosed 
as unequivocal and equivocal SA among all CRC 
cases, respectively. Although the SA diagnosis 
was based solely on histomorphological criteria, 
the prevalence of SA was relatively similar to 
the global prevalence, which was 7%–17.5% of 
overall CRC cases in 2007.7,8 This finding suggests 
that the histomorphological criteria may be 
sufficient to form a working diagnosis of SA when 
more definitive tools are not available, such as 
in remote and resource-limited areas. Some 
studies suggested the use of histomorphological 
criteria to diagnose SA.7,8,10 Adequate knowledge 
of the serrated morphology in a CRC specimen 
helps a pathologist inform the surgeon about the 
likelihood of rapid spread of the disease and its 
tendency to be chemoresistant.6,7

 Clinical characteristics have no 
significant association with KRAS mutational 
status. A similar study by Kim et al14 reported 
a KRAS mutation prevalence of 79% among 
tubulovilous adenoma cases, which is slightly 
higher than our result (71.7% of all SA cases). 
However, our result was considerably higher 
(71.7%) when compared to the prevalence 
among all TSA cases (56%). We suggest that 
the KRAS mutant cases in our study may 
have originated from TSAs tubulovilous 
(conventional) adenomas.

 KRAS mutational status is important 
to predict the patient’s response to anti-EGFR 
chemotherapy. The KRAS protein is a component 
of the mitogen-activated protein kinase (MAPK) 
pathway. When activated, this oncogene 
stimulates cell division and inhibits apoptosis. 
Ligands such as EGF and transforming growth 
factor (TGF) bind receptor tyrosine kinase (RTKs) 
and the receptor undergoes a conformational 
change resulting in phosphorylation of the 
tyrosine residue producing GTP. KRAS forms GTP 
bound (“on” state) which results in activation 
of the MAPK pathway. Epidermal growth factor 
receptor inhibitors (EGFR-I), such as cetuximab 
and panitumumab, have been approved for 
treatment of CRC by converting KRAS into GDP 
bound (“off” state), which inhibits a downstream 
signaling.10 A KRAS mutation results in the 
constitutively GTP bound conformation of the 

Table 3. Prevalence of the KRAS mutation among unequivo-
cal serrated adenocarcinoma (SA) cases (n=39)

KRAS mutational status Number (%)
Wild-type 11 (28.2%)
Mutant 28 (71.7%)
      Codon 12 21 (53.8%)
      Codon 13 5 (12.8%)
      Codon 12 and 13 1 (2.6%)
      Codon 117 1 (2.6%)
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KRAS protein leading to activation of the MAPK 
pathway in the presence of EGFR-I.10,15 This study 
showed the KRAS mutational profile among 
CRC cases. This finding is important to propose 
a better treatment option for patients using 
targeted therapy via anti-EGFR regiments.

 Pre-cancerous lesions of the colon such 
as SSA, TSA, and hyperplastic polyps may lead to 
SA. These lesions occur in young adults and in 
older populations. Malignant transformation of 

these lesions is thought to occur progressively 
and clinically manifest in older patients aged >50 
years, as also found in the present study.16 Thus, 
CRC and SA should be periodically screened for 
starting at the age of 50 years using the fecal 
occult blood test and colonoscopy.16 Our findings 
re-emphasize the urgency of developing a 
nationwide CRC screening program.

 SA is more common in women than 
men, while the incidence of CRC is relatively equal 
between the sexes.8,17 The reason women are 
more prone to malignant transformation remains 
controversial. It was presumably related to a folate 
depletion and a decrease in estrogen levels. These 
conditions can trigger a microsatellite instability 
(MSI) and a CpG methylation, which can later 
induce a malignant transformation in the colon7 
Therefore, serrated adenomas (SAs) appearing 
in women during childbearing age have a higher 
risk of transformation into malignancy later in 
life compared to adenomas occurring in men of 
the same age. This finding suggests a complete 
removal surgery and a close follow-up for SA 
cases in women.

 SAs appear in two main locations, such 
as the cecum (right/proximal colon) and the 
rectum (left/distal colon). Although SA can be 
found both in the right and left colon, its incidence 
is higher in the right colon because it is harder to 
reach by endoscopy. This anatomically secluded 
location allows polyps to be undetected or 

Figure 1. Histomorphological appearance of an unequivocal 
serrated adenocarcinoma (SA) case showing the presence of 
A) epithelial serrations (arrow head), B) abundant cytoplasm 
(arrow) with vesicular nuclei and distinct nucleoli (arrow 
head), C) intracellular and extracellular mucin (arrow head), 
and D) absence of necrosis [A–C, hematoxylin and eosin 
(HE), 100×. D, HE, 40×]

Figure 2. Histomorphological appearance of an equivocal 
serrated adenocarcinoma (SA) case showing the presence 
of A) glandular structure without epithelial serrations, 
B) abundant-eosinophilic cytoplasm, C) vesicular nuclei 
without distinct nucleoli, and D) absence of necrosis [A&D, 
hematoxylin and eosin (HE), 40×. B&C, HE, 100×].
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Figure 3. Cases showing the presence of A) lymphovascular 
invasion (arrow), B) perineural invasion (arrow), C) dense 
lymphocyte infiltration (arrow), and D) tumor budding 
(arrow head) [A&C, hematoxylin and eosin (HE), 400×. D, 
HE, 40×].
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untreated and, hence, transform into a carcinoma. 
In contrast, polyps in the left colon are usually 
easier to detect and removed by surgery.

 SA in the right colon generally arises 
from SSA, whereas SA in the left colon mainly 
originates from TSA.8 SSA, sporadic CRC with 
microsatellite instability-high (MSI-H), and SA 
with the MSI-H status are usually found in the right 
colon. In contrast, TSA, CRC with microsatellite 
instability-low (MSI-L), and SA with MSI-L usually 
occur in the left colon.7 These subtype-specific 
predilection sites were also seen in this study and 
showed a significant association between location 
of the tumor and the SA diagnosis (Table 2). The 
higher prevalence of unequivocal and equivocal 
SA in the left colon suggests that most SA cases in 
this study may have resulted from precancerous 
TSA lesions. The original precancerous lesion of SA 
can be identified by conducting a morphological 
assessment to clearly differentiate TSA from SSA. 
However, such assessment was not part of our 
investigation.

 In this study, TB was significantly 
associated with SA. TB involves isolated tumor 
cells or small clumps of tumor with less than five 
cell-members per group located at the invasive 
part of the tumor. TB has been reported as a 
strong prognostic factor in classic as well as SA, 
and a higher degree correlates with a worse 
clinical outcome.18,19

 The limitation of this study is 
that the diagnosis of SA was made only 
through histomorphological appearance. 
Immunohistochemical staining (Annexin 
10) should be used to confirm these findings 
whenever facilities and antibody reagents are 
available. Immunohistochemical staining can be 
used as an additional examination in doubtful 
cases, particularly for equivocal SAs.20

 In conclusion, the prevalence of SA in 
this study was 7.7% among all CRC cases, and 
TB was the most predominant prognostic factor. 
The KRAS mutation was a strong marker for the 
patient’s response to anti-EGFR therapy and was 
found in 71.7% of SA cases.
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ABSTRACT

Background: The inability of anterior cruciate ligament reconstruction (ACLR) surgery to reduce tibial internal rotation causes 
many problems. A large tibial internal rotation will result in a patellofemoral pain syndrome. This study aimed to introduce a new 
technique of modified exorotation graft tension at tibial fixation to minimize endorotation, reduce tibial internal rotation, and 
prevent patellofemoral pain syndrome.

Methods: This study was a randomized double-blind controlled clinical trial. ACL rupture patients underwent ACLR surgery 
between December 2014 and Februrary 2015. They were randomized to standard endorotation group or modified exorotation 
group. Hamstring autograft was used and fixed with an EndoButton® and bioabsorbable interference screw. Tibial tubercle 
to trochlear grove (TTTG) was used to evaluate rotation, whereas cartilage oligomeric matrix protein (COMP) was employed 
to analyze cartilage breakdown. The functional outcome was measured using the Kujala score to assess patellofemoral joint 
function. Evaluations were conducted before the surgery and at 6 months postoperation.

Results: A total of 29 subjects were recruited. Sixteen subjects were allocated into the standard endorotation group, and 13 were 
assigned to the modified exorotation group. The exorotation group demonstrated better results than the endorotation group in 
all three parameters: TTTG (p=0.028), COMP (p<0.001), and Kujala score (p=0.015).

Conclusion: A new technique of modified exorotation direction of graft tension for ACL reconstructive surgery at tibial fixation 
showed a significant reduction in tibial internal rotation and cartilage breakdown. The proposed method could significantly 
improve the functional outcome of those with total ACL rupture.
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 Anterior cruciate ligament (ACL) is a 
knee intraarticular ligament that serves as a 
primary static stabilizer of the joint. ACL rupture 
is commonly found in sports injuries, with 
annual incidence of 35 per 100,000 people.1 
This condition has serious consequences for 
the injured athlete as well as the generation 
population, as there is an increased risk of 
premature osteoarthritis, despite being treated.2,3 
Moreover, it has been reported that ACL is the 
most common knee ligament injury requiring 
surgical reconstruction.3,4

 There are numerous reasons for ACL 
failure.5 One of the most prominent factors in 
the failure of treatment is patellofemoral joint 
dysfunction, which presents with pain around 
the knee cap that aggravates with activities and 
often results in crepitation, swelling, and joint 
stiffness. In our country, where Islam is the 
main religion, patellofemoral joint dysfunction 
is further emphasized because the associated 
pain often limits the knees’ full range of motion 
required for praying.

 Several efforts have been made to improve 
patellofemoral joint function: modification of tunnel 
placement to improve the knee biomechanics, 
reenactment of double bundle reconstruction 
to restore the ligament anatomically, and 
acceleration of the postoperative rehabilitation 
program to provide a tailored timeline for return 
to activity. However, methods that have been 
proven to improve a patient’s functional outcome 
postoperatively are lacking.6

 Alteration in knee joint biomechanics 
after ACL injury is one of the defining factors 
for unsatisfying postoperative outcome. In 
ACL-deficient knees, the tibia is endorotated 
in relation to the femur. In the standard ACLR 
procedure, the tendon graft is further tensioned 
in the direction of endorotation, so that the 
altered relationship of the tibia and femur is 
uncorrected. Excessive tibial endorotation 
can lead to malaligment of the patellofemoral 
joint and result in patellofemoral joint pain, 
which prevents a satisfactory functional 
outcome after ACLR.7 In the present study, 
ACLR was modified by moving the direction 
of graft tensioning at the tibial fixation from 
standard endorotation to exorotation. The 
modification of graft tensioning direction was 

expected to correct the functional outcomes 
of patellofemoral malalignment and result in 
improved patellofemoral functions. This study 
is the first to modify graft tensioning direction 
for improved functional outcome after ACLR.

METHODS

 This study was a randomized double-
blind clinical trial on two parallel groups of 
patients with total ACL rupture who underwent 
ACLR surgery between December 2014 and 
February 2015. The inclusion criteria were male 
or female aged less than 40 years old, with total 
ACL rupture as indicated by the history of injury, 
Lachman test +3 and magnetic resonance imaging 
(MRI) showing total rupture; and injury time 
between 1 and 12 months. The exclusion criteria 
were flexion contracture more than 20°, presence 
of anterior knee pain before surgery, presence of 
crepitation on patella movement, Q angle >14° in 
males and >17° in females, thigh circumference >2 
cm, patellar maltracking, muscular dysfunction, 
rupture of other ligaments, and presence of 
patellar shift or tilt.

 Of the 67 subjects who underwent ACLR 
surgery during the time frame, 55 subjects 
fulfilled the inclusion and exclusion criteria. 
However, only 49 subjects gave their consent. 
These 49 subjects were randomly allocated into 
two groups: the first group (n=25) used a standard 
endorotation tension direction, and the second 
group (n=24) involved the modified exorotation 
tension direction. Throughout the clinical trial, 20 
subjects were dropped due to one of the following 
reasons: subjects did not return for the required 
follow up, failure in joint aspiration, subjects opted 
for alternative treatment, and presence of repeat 
injury. A total of 29 subjects were included in the 
study: 16 subjects in the standard endorotation 
group and 13 subjects in the modified exorotation 
group (Figure 1).

Surgical technique
 All patients underwent ACLR via 
arthroscopy using ipsilateral hamstring tendon 
autograft. In the control group, the tendon graft 
was tensioned into endorotation at 45° in relation 
to the tibial anterior crest line. The tendon graft 
was then fixated to the tibial side using BioScrew® 
on the lateral side (Figure 1). In the modified 
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Figure 1. Schematic chart of the subjects enrolled in this study

group, tendon graft tension was changed into 
exorotation and fixated using BioScrew® on the 
medial side (Figure 2). All subjects were sent for 
the rehabilitation program following the standard 
protocol for 6 months.

Tibial tubercle to trochlear groove (TTTG)
 TTTG distance is the lateral distance 
between the anterior tibial tubercle and trochlear 
groove, and it is expressed in millimeters. The 
TTTG distance is measured in an axial T2-
weighted full spin echo MRI: from the midpoint 

of the trochlear groove, projected into a line 
connecting two femoral condyles, to the most 
anterior point of the tibial tubercle. The TTTG 
distance represents tibial rotation in relation to 
the femur, which is altered in patients with ACL 
injury. The TTTG distance of more than 20 mm is 
a predictive factor for patellofemoral joint pain.8 
In this study, we measured the distance and 
direction of TTTG. If the tibial tubercle was more 
medial than the trochlear groove (that is, the tibia 
was more endorotated to the femur), then the 
TTTG was negative. By contrast, if the tibia was 

 
 

Subjects undergoing ACLR in 
Pondok Indah Hospital Dec 

2014 – Feb 2015 (n=67) 

Fitted inclusion and exclusion 
criteria of the study (n=55) 

Refused to 
participate (n=6) 

Accepted to 
participate (n=49) 

Control/Endorotation group 
(n=25) 

Experimental/Exorotation 
group (n=25) 

Finished the 
study (n=25) Drop out (n=9) 

- Lost of follow 
up (3) 

- Failed joint 
aspiration (2) 

- Received 
treatment 
outside the 
study (3) 

- Reinjured (1) 

Finished the 
study (n=25) Drop out (n=11) 

- Lost of follow 
up (5) 

- Failed joint 
aspiration (1) 

- Received 
treatment 
outside the 
study (3) 

- Reinjured (2) 

Refused to
participate (n=6)

Completed the
study (n=16)

Completed the
study (n=13)

Accepted to
participate (n=49)
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Figure 2. Difference in ACLR procedure between the study groups. This method is an intraoperative procedure of a patient with 
ruptured ACL of the right knee: (A) In the control group, the hamstring tendon autograft was tensioned in the direction of 45° 
endorotation with respect to the anterior tibial crest line. (B) In the experimental group, the graft tensioning direction was 
modified into 45° exorotation from the anterior tibial crest line

more exorotated in relation to the femur, then the 
TTTG was positive (Figure 3).

Cartilage oligometric matrix protein (COMP)
 COMP is a specific non-collagen 
glycoprotein in the cartilage matrix. COMP in 
this study was obtained from synovial fluid 
and measured using an ELISA kit (Biovendor 
RD194080200). The absorbents at each well 
were determined using a microplate reader 

set at 450 nm and measured in nanograms per 
milliliter. COMP level is a non-collagen biomarker 
correlated for cartilage degradation9 and thereby 
a predictive of knee osteoarthritis.

Functional outcome
 The Kujala score is a scoring system 
obtained from a questionnaire consisting of 13 
questions documenting a patient’s response to 
activities related to patellofemoral joint: walking, 

Figure 3. TTTG distance measurement. In the axial view of knee MRI, TTTG distance was measured from the midpoint of the 
trochlear groove, which was projected into a line connecting two femoral condyles (A), to the most anterior point of the tibial 
tubercle (B). The distance between two parallel lines is the TTTG distance, which represents tibial rotation in relation to the 
femur (C)

  A B
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running, jumping, walking upstairs, squatting, 
and sitting with flexed knee. The maximum Kujala 
score is 100, and a high score indicates high 
patellofemoral functions.

 The TTTG distance, COMP level, and 
Kujala score were obtained preoperatively and at 
6 months postoperatively. Data were compared 
and analyzed using independent t-test or Mann–
Whitney in Statistical Package for the Social 
Sciences (SPSS ver. 20) with a significant value 
of p<0.05.

 The research subjects and their families 
were properly informed, and written consent was 
obtained. Ethical clearance was obtained from the 
Ethical Committee of the Faculty of Medicine of 
Universitas Indonesia 758/UN2.F1/ETIK/2014.

RESULTS

 The age range of patients was 19–35 
years old (29.40±5.39 in the endorotation group 
and 25.80±5.90 in the exorotation group), and 
both groups consisted of mostly males. The 
most common cause of injury was due to futsal 
(48.28%), and the duration of injury was between 
6.0 and 7.5 months (Table 1).

Effect of modified graft tension direction on 
TTTG
 The mean between the two groups was 
not significantly different before (p=0.390) 
and after the surgery (p=0.113). TTTG after 
surgery showed that the exorotation group had 
a smaller TTTG value than the endorotation 
group, and the difference was statistically 
significant (p=0.028) (Table 2).

Effect of modified graft tension direction on 
COMP
 Significant median differences were 
observed between the two groups before 
(p=0.013) and after surgery (p=0.007). The 
delta change of COMP in the exorotation group 
was less than that in the endorotation group 
(p<0.001) (Table 3).

Effect of modification graft tension direction 
on the Kujala score
 Before surgery, no significant mean 
differences were observed between the two 

groups (p=0.051). By contrast, the results were 
similar after surgery (p=0.454). The change in the 
Kujala score between the two groups after surgery 
was statistically significant (p=0.015), and the 
exorotation group presented a higher Kujala score 
than the endorotation group (Table 4).

Unexpected findings and adverse event
 Three patients were found to have graft 
rupture during follow up due to injury, which 
occurred between the fifth and sixth months. These 
three patients were excluded from this study. 
After 6 months, patellofemoral pain syndrome 
(PFPS) were found in three patients belonging 
to the endorotation group and one patient in the 
exorotation group. PFPS was identified by the 
presence of pain or stiffness on prolonged sitting 
with the knee flexed (“theater sign”) and pain 
during stair climbing or descending. Subjects may 
also draw a circle with their fingers around the 
patella when asked to localize the pain (“circle 
sign”). On the basis of the TTTG values, not all 
patients underwent endorotation before the 
surgery. These three patients were then included 
into the exorotation group, and one of them 
showed PFPS after six months.

DISCUSSION

 ACL rupture is most commonly caused 
by indirect injury that results in the twisting of 
the knee toward endorotation. This condition 
will cause an alteration in the alignment of 
the patellofemoral joint and often results in a 
patellofemoral joint dysfunction. Patellofemoral 
pain syndrome occurs when pain is present in 
the patellar region and worsens on activities 
that involve an increase load in patellofemoral 
joint such as running, jumping, climbing and 
descending stairs, and squatting. Crepitation 
is also noted during movements, and the knee 
presents limited range of motion. These problems 
will undoubtedly prevent patients with ACL 
injuries to return to their sporting activities.

 ACLR surgery has been proven to restore 
anterior knee joint stability; however, problems 
in endorotation stability still persist. Majority of 
individuals who underwent ACLR are still unable 
to return to sports due to the inability of ACLR to 
significantly improve endorotation stability. Our 
study aimed to solve this problem by modifying 
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the graft tension direction to exorotation to 
reduce endorotation as compared with the 
standard procedure.

 Patients with ACL rupture only 
experienced pain during the onset of the injury, 
but only a small number presented to the 
clinic due to inability to engage in high-impact 

Table 1. Subject characteristics

Table 2. Effect of modified graft tension direction on TTTG

Table 3. Effect of modified graft tension direction on COMP

Table 4. Effect of modification graft tension direction on the Kujala score

Tibial tubercle to trochlear grove (TTTG) Endorotation (n=16) Exorotation (n=13) p
Pre-ACLR (mm) −14.8±8.94* −11.8±9.57* 0.390
Post-ACLR (mm) −15.5±10.54* −7.1±15.19* 0.113
Delta change (δ) −2.0 ((−20.20)−10.80)† 4.7±8.36 0.028

Cartilage oligomeric matrix protein (COMP) Endorotation (n=16) Exorotation (n=13) p
Pre-ACLR (nm/mL) 17177.9 (10298.7–88683.5) 19318.4 (11910–89385.9) 0.475
Post-ACLR (nm/mL) 18453.7 (8513.8–58981.4) 19386 (10217.8–38212.4) 0.846
Delta change (δ) 1931.75 (−74019–39436.6) −3224.7 (−67163.2–24028.7) 0.475

Kujala score Endorotation (n=16) Exorotation (n=13) p
Pre-ACLR 69.5 (41–94) 68 (42–88) 0.044
Post-ACLR 91 (71–100) 93 (77–100) 0.475
Delta change (δ) 17 (−1–56) 25 (−1–43) 0.476

activities. The problem lies in the instability of 
the knee joint, which is most commonly followed 
by movement disturbances. A small percentage 
of patients who seek treatment usually prefer 
conservative treatments, and those who undergo 
ACLR surgery are often unable to return to 
normal sporting activities. Our study showed a 
higher incidence of ACL rupture in males than in 

ACLR=anterior cruciate ligament reconstruction; *negative value represents endorotation, †abnormally distributed data 

ACLR=anterior cruciate ligament reconstruction; *negative value represents endorotation, †abnormally distributed data 

ACLR=anterior cruciate ligament reconstruction; *negative value represents endorotation, †abnormally distributed data 

Endorotation (n=16) Exorotation (n=13)
Age (years) 29.4±5.39 25.8± 5.90
Gender
      Male 14 12
      Female 2 1
Cause of injury
      Futsal 9 5
      Basketball 3 5
      Martial arts 3 1
      Soccer 1 1
      Kickboxing 0 1
Onset of injury (months) 6.9±2.28 7.2±2.30
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females, which might be due to the wide range of 
sport activities enjoyed by the male population. 
Males regularly engage in high-impact sports 
activities, such as futsal, basketball, soccer, and 
martial arts, whereas females tend to engage in 
low-impact sports. High-impact sports activities 
increase of ACL injury.4

 Futsal was the most common cause 
of torn ACL in this study (48.28%). Futsal is 
a highly popular sports activity in Indonesia 
because of its low cost. A futsal field is relatively 
smaller than a soccer field, which translates in 
more opportunities for players to engage in 
actions that involve a great deal of knee twisting 
movements leading to torn ACL. Aside from 
futsal, basketball is the second common cause of 
torn ACL (27.58%). In basketball, ACL tears are 
commonly caused by jumping actions, followed 
by landing on twisted knees.4

 In this study, TTTG on MRI was used to 
measure the rotation of the knee. Camp et al10 and 
Pandit et al11 concluded that MRI is highly effective for 
TTTG measurements. Saper et al12 analyzed torn ACL 
and showed endorotation in ACL-deficient knees; 
Shakespeare and Fick13 reported malalignment of the 
patellofemoral joint in ACL-deficient knees. The mean 
TTTG value before surgery in this study was 13.80 
mm. This result was similar with a previous study 
by Saper et al12 (12.70 mm). Thus, in ACL-deficient 
knees, tibial endorotation occurred with respect 
to the femur. Postoperatively, a difference in TTTG 
was observed between the two study groups. The 
exorotation group showed significantly lower TTTG 
(p<0.05) and more tibial exorotation than the control 
group. This result demonstrated that modification in 
the tensioning direction might restore tibiofemoral 
rotation in ACL-deficient knees.

 COMP plays a role in the structural 
integrity of cartilage via its interaction with other 
extracellular matrix proteins such as collagens 
and fibronectin. COMP mediates the interaction 
of chondrocytes with the cartilage extracellular 
matrix through interactions with cell surface 
integrin receptors.14 It is also postulated to play 
a role in the pathogenesis of osteoarthritis. As a 
potent suppressor of apoptosis in both primary 
chondrocytes and transformed cells, COMP 
may serve as a biological marker for cartilage 
damage. It can be detected both in serum and 
synovial fluid.15

 Mendias et al16 measured serum COMP 
levels of 18 patients with ACL injury pre- 
and postoperatively. The patients showed an 
increased level of serum COMP preoperatively, 
representing cartilage breakdown as the result 
of previous injury. The level of serum COMP 
then decreased to its almost normal level 
weeks after surgery. In this study, differences 
in COMP level changes between the two groups 
were noted. In the endorotation group, in 
which a current standard procedure of ACL 
reconstruction surgery was performed, the 
synovial COMP level increased postoperatively. 
By contrast, subjects in the exorotation group, 
who underwent modification of tensioning 
direction in their ACL reconstruction surgery, 
demonstrated a decrease in synovial COMP 
level postoperatively. These results represented 
low cartilage damage and minimal risks for 
associated secondary osteoarthritis in the 
future for the exorotation group.

 At least six main causes for patellofemoral 
joint pain were noted: cartilage, synovial tissue, 
retinaculum, skin, muscle, and nerve. In cases 
of ACL injury, the most significant cause is 
patellofemoral malalignment, which can lead 
to imbalance of the extensor mechanism and 
excessive pressure on the patellofemoral joint, 
resulting in cartilage damage.17 ACL does not 
only act as anterior restrain of the knee, but it 
also plays a role in preventing endorotation of 
the knee. Several studies showed that ACLR fails 
to correct endorotation instability.18,19,20 Knee 
rotational stability in this study was measured 
with the TTTG distance, which was not restored 
by a standard technique of ACL reconstruction 
surgery but improved with our modification in 
graft tensioning direction at tibial fixation.

 The Kujala score is widely used to 
evaluate patellofemoral joint pain.21,22 It consists 
of 13 knee-specific questions, which assess 
patient responses to patellofemoral joint-
related disorders, including walking, running, 
jumping, stair climbing, squatting, swelling, 
and knee stiffness. Harilainen et al23 evaluated 
39 patients with ACL injury at two years 
postoperatively and found that the Kujala score 
was 88 (54–100) points. Our study showed a 
similar result with a mean Kujala score of 89.7 
points. We also measured the Kujala score before 
and after surgery and examined the changes 
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between the two time frames. In this study, both 
groups showed an improvement in terms of 
the Kujala score. Despite improvements in the 
Kujala score in both groups, close inspection 
showed that the Kujala score in the exorotation 
group was significantly better than that in 
the endorotation group (p<0.05). Therefore, 
the modification of tension direction in ACLR 
surgery will result in enhanced patellofemoral 
joint functions after surgery.

 In theory, torn ACL will result in the 
endorotation of the knee.24 However, in this study, 
a number of patients experienced exorotation 
after an ACL tear, which was most likely due to 
the position of the knee before the injury. On the 
basis of this finding, modification of graft tension 
direction to exorotation is not recommended if 
the knee is previously exorotated before surgery.

 The present study had some limitations. 
The follow-up time could be prolonged up to two 
years to anticipate any delayed onset of anterior 
knee pain. With long-term follow up, the subjects 
may show signs and symptoms of osteoarthritis 
secondary to patellofemoral malalignment.

 In conclusion, a new technique of 
modified exorotation direction of graft tension 
for ACL reconstructive surgery at tibial fixation 
showed a significant reduction in tibial internal 
rotation and cartilage breakdown. This technique 
significantly improved the functional outcome of 
patients with total ACL rupture.
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ABSTRACT

Background: Curcuma xanthorrhiza Roxb. exerts its anti-inflammatory effects by reducing the concentration of IL-6, IL-8, and 
phosphorylase kinase, which has role in keratinocyte proliferation. Our study aimed to evaluate the efficacy of C. xanthorrhiza in 
psoriasis.

Methods: From 18 to 59 year-old patients with mild psoriasis, 2 similar lesions were selected. The severity assessment was 
based on the psoriasis area severity index (PASI), Trozak score, and K6 expression. Using a double-blinded randomized method, 
lesion was treated with 1% C. xanthorrhiza ointment vs placebo for 4 weeks. The results were analyzed by the chi-square test 
using STATATM V.12 software (Stata Corp.).

Results: The study was conducted in 2010 to 2012 with 17 subjects participated. The median of PASI score were reduced 
significantly in both lesions, either treated with 1% C. xanthorrhiza ointment vs placebo; however when compared between the 
group, it was not significant (p=0.520). The Trozak score were reduced in lesions treated with 1% C. xanthorrhiza ointment; but 
it was not significant (p = 0.306). In lesions treated with placebo, the Trozak score was increased significantly. The difference 
of Trozak score between lesions treated with C. xanthorrhiza and placebo was significant (p=0.024). There was no significant 
difference of K6 expression in lesions treated with 1% C. xanthorrhiza ointments or placebo as well as on the difference of mean 
values of K6 expression between the group (p=0.827).

Conclusion: Based on the results, 1% C. xanthorrhiza ointment is effective treatment option for mild psoriasis, but longer follow-
up period is suggested to confirm this results. C. xanthorrhiza ointment is safe for topical administration as there were no side 
effects reported in this study. 
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 Psoriasis is a chronic and recurrent 
inflammation of the skin. The disease can also 
affect mucous membranes, nails, and joints. The 
typical clinical manifestation is erythematous 
patches with transparent mica-like scales and 
the sites of predilection include knees, elbows, 
scalp, retroauricular, and lumbar regions.1 
The etiopathogenesis of psoriasis is complex, 
which includes genetic factors, immunological 
disorders with autoimmune processes and 
apoptosis failure.1,2–4 In general, psoriasis is 
divided into three categories, i.e., mild, moderate, 
and severe. The most common form of psoriasis 
is plaque type psoriasis, also known as psoriasis 
vulgaris. The management of psoriasis depends 
on its severity. Moderate and severe psoriasis 
are treated with systemic medications such 
as methotrexate, acitretin, and cyclosporin.1 
Furthermore, phototherapy using ultraviolet 
(UV) A and UVB radiation is also commonly 
administered. Recently, biological agents have 
been commonly used. Topical treatment is 
indicated for mild psoriasis. Common topical 
treatments include corticosteroids, vitamin D3, 
vitamin A derivatives, and tar preparations.5 
Nevertheless, those medications have side effects 
that should be warned, particularly in long-term 
use.2,5 Therefore, effective and safe treatment 
with affordable price is still being searched.6

 Curcuma xanthorrhiza Roxb. or Javanese 
Turmeric–one of an Indonesian herbal medicine, 
is a member of the ginger family (Zingiberaceae).7,8 
Curcuma xanthorrhiza in which is the utilized part 
is rhizome, may have effects in preventing and 
treating various diseases because of its effects as 
anti-inflammatory, lowering cholesterol levels, 
diuretics, increasing breast milk production and 
as a remedy for joint pain.9,10 A study on human 
keratinocytes (HaCaT line) treated with extracts 
of Curcuma longa rhizomes, demonstrates its 
effect on a reduced activity of pro-inflammatory 
cytokines of IL-6 and IL-8, which is equal to 
topical betamethasone 17-valerate.10 Curcuma 
xanthorrhiza has shown some significant effects 
on psoriasis related on several receptors to which 
curcumin binds, which are 5-lipoxygenase (5-
LOX), xanthine oxidase, thioredoxin reductase, 
cyclooxygenase-2 (COX-2), p-glycoprotein, 
glutathione S-transferase (GST), protein kinase 
A (PKA), protein kinase C (PKC), cPK, PK, 
Ca2+-dependent protein kinase (CDPK), and 
glutathione.11 Heng et al12 administered topical 

curcumin for psoriasis patients compared to 
calcipotriol. The study showed that curcumin 
can lower the activity of phosphorylase kinase 
enzyme more than calcipotriol. The decrease in 
phosphorylase kinase activity in curcumin and 
calcipotriol-treated psoriasis was associated with 
a decrease in keratinocyte transferrin receptor 
expression and with decrease in the severity 
of parakeratosis and the density of epidermal 
CD8+ T cells. Our study was aimed to identify the 
effectivity of C. xanthorrhiza on psoriasis.

METHODS

 The study evaluated patients with mild 
psoriasis in the Dermatovenereology Outpatient 
Unit at Cipto Mangunkusumo Hospital Jakarta 
between 2010 and 2012. In each of patients, 2 
lesions with similar severity were determined. 
One lesion was treated with 1% C. xanthorrhiza 
ointment; while the other lesion was treated with 
placebo containing white vaseline album (vehicle 
of the C. xanthorrhiza ointment) with similar 
matching and packaging, which prepared by PT 
Soho Industri Pharmasi. Both treatments were 
given for 4 weeks experimentally in a double-
blind randomized controlled trial. The 1% C. 
xanthorrhiza and placebo ointments were coded 
by other investigator which either investigators 
or the patients did not know.

 Patients were included in our study when 
they were aged 18 to 59 years old with mild 
psoriasis, were not pregnant or breastfeeding, 
not having topical treatment for psoriasis in the 
last 2 weeks and were not having systemic or 
phototherapy treatment for psoriasis in the last 4 
weeks. The number of subjects taken consecutively 
was 20 subjects. Prior to the study, written consent 
had been asked and the study had received ethics 
approval from the Ethic Committee of Health 
Studies at Faculty of Medicine, Universitas 
Indonesia–Cipto Mangunkusumo Hospital (292/
pT02.FK/43/N/2010).

 In the beginning of the study, evaluation of 
psoriasis severity was conducted clinically based 
on the degree of erythematous (E) and induration 
of plaque thickness (I). Both signs characterized 
the presence of inflammation; while the thickness 
of scales (S) indicated excessive keratinocytes 
production. The lesions were evaluated using 
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psoriasis area severity index (PASI), i.e. by 
summing the degree of erythema severity (1–4), 
infiltration (1–4) and scales (1–4), which were 
multiplied with the precentage of affected body 
surface area. In this study we only calculated the 
size of the lesions treated with 1% C. xanthorrhiza 
ointment and placebo as the affected body surface 
area (Figure 1).

 Moreover, biopsy and histopathological 
examination stained with hematoxylin eosin (HE) 
were also conducted to calculate Trozak score 
and immunohistochemical staining was carried 
out to calculate the percentage of K6 expression. 
The calculation of Trozak score was performed at 
the Dermatopathology Division, Department of 
Dermatology Venereology Cipto Mangunkusumo 
Hospital. Features in histopathological finding 
is assigned using value of 1, 2, and 3 as follows: 
regular elongation of the rete ridges (1), club 
shaped rete ridges (2), elongation and edema of 
dermal papillae (1), perivascular mononuclear 
infiltrate in the upper dermis of papillae (1), 
absence of granular layer (focal:1, total:2), 
parakeratosis (focal:1, total:2), suprapapillary 
plate thinning (2), mitosis above basal cell layer 
(2), Munro microabscess (3), spongiformis 
pustule (3) (Figure 2A).13 The presentation of 
K6 expression was evaluated at the Department 
of Anatomical Pathology, Faculty of Medicine, 
Cipto Mangunkusumo Hospital by calculating 
the presentation of K6 marker expression by 
immunohistochemical staining. (Figure 2B) 
Tissue incubation with K6 antibody (LHK6B; 
Novocastra Laboratories, Newcastle upon Tyne, 
U.K) for 1 hour with same case without primer 
antibody as the negative control and skin from 
breast as the positive control. Two representative 
sites were selected by an expert in Anatomical 
Pathology Department and the presentation of 
K6 marker expression in each location was then 
calculated and subsequently was summed and 
the mean value was calculated.

 Patients were asked to apply the given 
topical medication on their skin according to the 
instruction, i.e. twice daily after having a bath. 
Patients were asked to keep the ointment on 
their skin for at least about 30 minutes and after 
that patients were allowed to do activities such 
as wearing their trousers, etc. After 4 weeks, the 
very same evaluation as had been conducted in 
the beginning of the study was performed again 

and the results were analyzed by chi-square test 
using STATA V.12 software.

RESULTS

Socio-demographic characteristics
 At the end of determined limit of study 
period, only 17 patients participated in the 
study. This was due to the decreasing number of 
patients with mild psoriasis who came to seek 
treatment. Two subjects were dropped out, one 
subject could not come for visit due to work 
hour. One subject became moderate psoriasis, so 
he needed other treatment that might cause bias 
in this study.

 Of the 17 subjects, there were 2 age 
groups with the greatest number of subjects, i.e. 
the age group of 31 to 40 years and 51 to 59 years 
with 5 subjects (29.4%) for each group and most 
subjects were male (13 subjects or 76.5%). Eight 
subjects (47.1%) had an education level equal to 
university level. Fourteen subjects (82.3%) had 
been married and 10 subjects (58.8%) worked as 
private employees.

 Six subjects (35.3%) suffered from 
psoriasis for less than 12 months and 5 subjects 
(29.4%) had suffered psoriasis for more than 60 
months. All subjects had received treatment for 
psoriasis and two of them had received systemic 
treatment or phototherapy prior the study. The 
initial median of PASI in the group of lesions 
treated with 1% C. xanthorrhiza ointment was 
0.158 (min 0.009, max 1.015); while in the group 
of lesions treated with placebo, it was 0.157 (min 
0.13, max 0.645) (p=0.561). The mean of Trozak 
score in the group of lesions treated with 1% C. 
xanthorrhiza ointment was 9.43 (SD 4.29) and in 
the group of lesion treated with placebo was 6.38 
(SD 3.62) (p=0.058). The mean of K6 expression 
presentation in the group of lesions treated with 
1% topical C. xanthorrhiza was 0.54 (SD 0.13) 
and in the group of lesions treated with placebo, 
it was 0.59 (SD 0.16) (p=0.365).

PASI, Trozak score, and K6 expression 
presentation after 1% C. xanthorrhiza 
ointment or placebo treatment
 The PASI, Trozak scores, K6 expression 
presentation prior and after treatment are listed 
in table 1 and figure 3.
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PASI
 In both lesions treated with 1% C. 
xanthorrhiza ointment and placebo for 4 weeks, 
there was a significant reduction on median of 
PASI (p=0.040 and p=0.021). However, when it 
was compared to those before treatment, the 
reduction of PASI median or delta (∆) between 
both groups was not significantly different 
(p=0.520).

Trozak score
 There was a reduction of Trozak score 
after 1% C. xanthorrhiza ointment treatment 
although the reduction was not statistically 

significant (p=0.306). In contrast, in the group 
with placebo treatment, there was a significant 
increase of Trozak score (p=0.039). A significant 
difference was also found in delta (∆) of Trozak 
score between the both groups (p=0.024).

K6 expression presentation
 In group of lesions treated with C. 
xanthorrhiza 1% ointment, the mean of K6 
expression presentation was 0.54 (SD=0.13) 
before treatment and 0.55 (SD=0.17) after 
treatment. There was no significant difference 
of K6 expression presentation before and after 
treated with 1% C. xanthorrhiza ointment 

Figure 1. A) and B) PASI score calculation before and after treated with 1% C. xanthorrhiza ointment. PASI score calculation: the 
sum of erythema severity (1–4), infiltration (1–4) and scales (1–4), multiply with the percentage of affected body surface area.

Figure 2. A) Hematoxylin eosin staining for Trozak score calculation of psoriasis lesion; B) Immunohistochemical staining for K6 
expression presentation calculation of psoriasis lesion. Trozak score calculation: 1. regular elongation of the rete ridges (1) 2. club 
shaped rete ridges (2) 3. elongation and edema of dermal papillae (1) 4. perivascular mononuclear infiltrate in the upper dermis 
of papillae (1) 5. absence of granular layer (focal:1, total:2) 6. parakeratosis (focal:1, total:2) 7. suprapapillary plate thinning (2) 
8. mitosis above basal cell layer (2) 9. Munro microabscess (3) 10. spongiformis pustule (3)
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(p=0.839). In group of lesions treated with placebo, 
the mean of K6 expression presentation was 0.59 
(SD=0.16) before treatment and 0.62 (SD=0.21) 
after treatment. There was no significant 
difference of K6 expression presentation before 
and after treated with placebo (p=0.684). Similar 
result was also found in mean difference delta 
(∆) of K6 expression before and after treatment 
of 1% C. xanthorrhiza ointment and placebo 
(p=0.827). During or after the study has been 
completed, no subjects has reported any side 
effects, neither mild nor severe side effects. The 
1% C. xanthorrhiza ointment was well tolerated 
by all subjects.

DISCUSSION

 The present study was conducted to 
identify the effectiveness of 1% C. xanthorrhiza 
ointment on mild psoriasis compared to 
placebo treatment for 4 weeks. The parameters 
that had been evaluated were clinical severity 

including local PASI, histopathological measure 
using Trozak score and K6 expression using 
immunohistochemical staining. About 17 subjects 
were involved in the study and 2 subjects were 
dropped out because 1 subject was not able to 
come for visit and 1 subject became moderate 
psoriasis. In the present study, no side effect was 
found, either mild or severe side effects.

 For PASI score, the severity of psoriasis 
was evaluated based on the degree of erythema 
and induration of plaque thickness, which 
characterized the presence of inflammation. 
Moreover, the scales thickness indicates the 
presence of excessive keratinocytes production. 
There was a significant reduction of PASI 
median in the group of lesions treated with 1% 
C. xanthorrhiza ointment. Furthermore, in the 
group with placebo treatment, there was also a 
significant reduced median of PASI. The reduction 
of PASI median delta (∆) between both group was 
not significantly different. Reduced PASI in the 
group of lesions treated with 1% C. xanthorrhiza 

Table 1. The difference (∆) of PASI score, Trozak score, and K6 expression of psoriasis patients in Cipto Mangunkusumo Hospital 
before and after 1% C. xanthorrhiza ointment and placebo treatment

PASI=psoriasis area severity index

Figure 3. A) PASI score of psoriasis patients in Cipto Mangunkusumo Hospital before 1% C. xanthorrhiza ointment treatment 
(CP1), after 1% C. xanthorrhiza ointment treatment (CP2), before placebo treatment (PP1), and after placebo treatment (PP2); B) 
Trozak score of psoriasis patients in Cipto Mangunkusumo Hospital before 1% C. xanthorrhiza ointment treatment (CT1), after 
1% C. xanthorrhiza ointment treatment (CT2), before placebo treatment (PT1), and after placebo treatment (PT2)

Variable C. xanthorrhiza Placebo p value
PASI score, median (min-max) 0.059 (-0.03–0.815) 0.047 (-0.087–0.613) 0.520
Trozak score, mean (SD) 1.5 (5.27) - 3.45 (4.84) 0.024
K6 expression, mean (SD) 0.007 (0.14) 0.02 (0.20) 0.827

 1
A

.8

.6

.4

.2

0
CP1 CP2

Groups
PP1 PP2

PA
SI

 sc
or

e

 

Groups

B 20

15

10

5

0
CT1 CT2 PT1 PT2

Tr
oz

ak
 sc

or
e

http://mji.ui.ac.id



Rahmayunita, et al.
Efficacy of topical C. xanthorrhiza on psoriasis 183

Medical Journal of Indonesia

ointment maybe associated with the anti-
inflammatory effect of C. xanthorrhiza.

 Curcuma xanthorrhiza contains the 
phytochemical component called curcumin. In 
India, curcumin is usually used as a topical ointment 
for the treatment of inflammation.14 Heng et al12 
compared topical Curcuma and calcipotriol for 
psoriasis. He reported that curcumin can lower 
the activity of phosphorylase kinase enzyme more 
than calcipotriol. The decrease in phosphorylase 
kinase activity in curcumin and calcipotriol-
treated psoriasis was associated with a decrease 
in keratinocyte transferrin receptor expression 
and with decrease in the severity of parakeratosis 
and the density of epidermal CD8+ T cells. They 
concluded that drug-induced suppression of 
phosphorylase kinase activity is associated with 
resolution of psoriatic activity and that the anti-
psoriatic activity of curcumin may be achieved 
through modulation of phosphorylase kinase 
activity. Sarafian et al11 reported significant 
reduced PASI and Dermatology Life Quality Index 
(DLQI) score in 34 patients with mild to moderate 
plaque psoriasis in a randomized, right-left 
comparative, placebo-controlled, double-blind 
clinical trial. The patients were treated with 
topical turmeric (Curcuma longa) microemulgel, 
twice a day for 9 weeks. Microemulgel was based 
on microemulsion, which in previous study had 
the fastest release through nylon membrane 
and cellulose membrane compared with gel or 
ointment. Different result in our study probably 
due to different vehicle and treatment duration.  
On the other hand, Kang et al15 concluded that 
curcumin showed excellent therapeutic effect 
against psoriasis in mouse model. Similar result 
was also found in the lesions treated with placebo. 
The placebo used in the study was vaseline album, 
which has moisturizing effect. Liu et al16 used a 
moisturizer containing linoleic acid and ceramide 
as additional ingredients to 0.1% momethasone 
furoate in 106 psoriasis patients. They reported 
significant improved PASI at the 8th week in 
the group using moisturizer with less frequent 
relapse and rebound incidence. They concluded 
that a moisturizer containing linoleic acid and 
ceramides can reduce inflammation in psoriasis, 
which also serves as prevention. Similar to those 
results, in this study the moisturizing effect of the 
placebo or vaseline album, which is the vehicle 
in 1% C. xanthorrhiza ointment maybe also 
associated with the reduction of PASI.

 The specimens from biopsy were stained 
with HE and Trozak score was assessed which 
consists of the presence and absence of elongated 
rete ridges, the shape of club, elongation and 
edema of papillary dermis, perivascular infiltrates, 
the presence or absence of granular layer, 
parakeratosis, thinning of suprapapillary layer, 
Munro abscess and spongiformis. A decreasing of  
Trozak score was found after 4-week treatment 
using 1% C. xanthorrhiza ointment. However, the 
reduction was not statistically significant. While 
in the group treated with placebo, there was a 
significant increase of Trozak score. The difference 
or delta (∆) between both groups was also 
significantly different. Reduced Trozak score in 
this study maybe caused by the anti-inflammatory 
effect of C. xanthorrhiza. In his report, Trozak DJ13 
has developed an assessment system to obtain 
objective results of the study on drug effectiveness.

 In clinical manifestation (PASI score), 1% C. 
xanthorrhiza ointment and placebo which contain 
vaseline album reduced inflammation in patients 
with mild psoriasis. However, in histopathological 
features (Trozak score), the effectivity of vaseline 
album to reduce inflammation is less than 1% 
C. xanthorrhiza ointment. The histopathological 
examination of the skin that appears normal in 
psoriasis patients revealed that there is already a 
mild capillary and curvature dilatation and a slight 
increasing in the number of mononuclear cells of 
the dermis and mast cells. Moreover, the study 
also found that there was a slight increasing in 
epidermal thickness.1 These results showed that 
although psoriasis lesion has not been appeared 
clinically, some changes in histopathology have 
already occurred. This condition can explain 
the significant increase of Trozak score and the 
significant reduction of PASI score  in the placebo 
group from this study. If longer term of follow up 
was carried out, PASI score might be increased.

 K6 is a marker of differentiation disorder 
and it is expressed by activated keratinocytes, 
particularly in inflammation.1 The expression 
of K6 in keratinocytes can be identified using 
immunohistochemical staining. There was 
no significant difference of K6 expression 
presentation before and after treatment, either in 
the group of lesions treated with 1% C. xanthorrhiza 
ointment or placebo. The difference of the delta 
(∆) of K6 expression before and after treatment 
of 1% C. xanthorrhiza ointment and placebo 
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was also not significant. Körver et al17 compared 
the effectiveness of calcitriol and calcipotriol 
ointment in psoriasis for 6 weeks. They wanted 
to identify the effect of those topical treatments 
on the epidermal cell population, proliferation 
and differentiation. They reported reduced 
expression of K6 with immunohistochemical 
staining in the group treated with calcipotriol 
ointment. In this study, there was no significant 
difference of K6 expression either on the group 
with 1% C. xanthorrhiza ointment or placebo. It 
might be due to shorter treatment duration than 
those in the literature (4 weeks).

 In this study, there was no side effect 
reported, either mild or severe. On the other 
hand, Sarafian et al11 in their study using turmeric 
(Curcuma longa) microemulgel for 34 psoriasis 
patients compare to placebo, reported 6% 
patients experienced dryness and 3% patients 
experienced irritation. They concluded it could 
be associated with the inactive ingredients of the 
formulation than the turmeric itself. In this study, 
we used vaseline album as the vehicle, this might 
cause the different result.

 In conclusion, the 1% C. xanthorrhiza 
ointment appears to be an effective alternative 
treatment option for mild psoriasis based on 
significant reduction of PASI statistically and 
Trozak score. It may be interpreted that C. 
xanthorrhiza can at least, prevent the worsening 
of disease severity. Further study with longer 
treatment duration and follow up period is 
recommended to confirm these results.
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ABSTRACT

Background: Cancer patients frequently suffer from a reduced physical activity. Non-pharmacological interventions, such as 
yoga, provide opportunities to deal with these symptoms. The aim of this study is to evaluate the effect of yoga on the well-being 
of cancer patients.

Methods: Between 2015 and 2017, we analyzed the effects of yoga on the well-being of cancer patients. Fifty-one patients 
received yoga training specifically designed to address cancer-related problems. Before the start (SoS) and after the end (EoS) of 
training, the WHO-5 well-being index was used to evaluate patients’ perception.

Results: WHO-5 scores significantly improved from 47.1±21.4 at SoS to 69.7±15.1 at EoS. Patients in the middle age group (EoS–
SoS: 28.0±20.6) showed a significantly higher benefit (p<0.005) compared with age groups <40 years (EoS–SoS: 10.7±15.4) and 
>60 years (EoS–SoS: 16.0±12.1). Patients with low initial scores benefited most from yoga.

Conclusion: Our study showed that yoga training under experienced supervision could serve as a beneficial complementary 
treatment in cancer patients. Best effects were observed in patients with highly reduced well-being and 40–60-year-old patients.
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 Cancer-related fatigue and dysthymia 
interfere with various physiological functions 
causing and increasing a physical, emotional, 
and cognitive exhaustion. Non-pharmacological 
interventions to deal with these symptoms include 
psychosocial interventions, physical exercise, 
yoga, physiotherapy, dietary management, among 
others.1 Within this diverse group, physical 
activities have been identified as a potential 
intervention in cancer patients, which has been 
mainly investigated in women with breast 
cancer. This approach seems to be an effective 
way to improve quality of life, increase physical 
activity, and reduce fatigue in these patients.2 One 
opportunity to perform such exercises appears 
to be yoga, but most investigations come from its 
cultural origins, such as India3 and Japan,4 and 
this cross-cultural perception might influence 
its adoption.5 Yoga is performed as mind-body 
exercises, a combination of physical poses with 
breathing and meditation.6 This type of training 
has been associated with a reduction in evening 
cortisol, waking cortisol, ambulatory systolic 
blood pressure, resting heart rate, high-frequency 
heart rate variability, fasting blood glucose, 
cholesterol, and low-density lipoprotein.7–9

 Recently, it have shown that practicing 
yoga during chemotherapy may result in 
modest short-term benefits in sleep quality and 
additional long-term benefits may emerge over 
time in breast cancer patients.10 Similarly, yoga 
appears to reduce anxiety in these women.11 
However, yoga-related benefits have been almost 
exclusively investigated in women with breast 
cancer.12,13 Effects on patients with other types 
of cancer have been less examined. For example, 
during radiotherapy, yoga was also associated 
with a significant reduction in fatigue, and both 
urinary and sexual dysfunction in prostate cancer 
patients.14 In glioma patients, quality of life was 
moderately improved.15

 Although positive effects have been 
suggested, many cancer patients perceive 
barriers to certain types of exercise.2 This 
issue relates not only to physical discomfort 
and feeling sick, but also to low mood, self-
consciousness, fatigue, and fear of overdoing 
it.16–18 Several essential factors contribute to 
and result in this patient behavior including 
the lack of sufficient information, the absence 
of specific and trusted supervision for training 

cancer patients, and misleading expectations of 
patients and/or trainers.

 Overall, the inclusion of mind-body-
approaches in cancer care is promising. Also, 
evidence of efficacy for treating many common 
symptoms is increasing mainly for breast cancer 
patients.19-21 Therefore, Carlson et al22 requested 
in their recent review that future studies should 
investigate more diverse cancer populations 
using standardized treatment protocols. Our 
investigation targeted this issue and analyzed the 
effects of yoga on the well-being of patients with 
a wide range of cancer types and during various 
stages of treatment.

METHODS

Patients
 Between January 2014 and December 
2016, all cancer patients at the Comprehensive 
Cancer Center were informed about the 
opportunity to participate in the yoga trial by 
written information material. Interested patients 
had to contact the trial group to become enrolled. 
Patients who provided informed consent (Joint 
Ethics Committee of Physicians Chamber 
Westfalen-Lippe and Wilhelms-University 
Muenster, Germany: 2014-636-f-S) were included 
in two subsequent training groups. Each group 
performed 10 yoga sessions at the beginner 
level without the requirement of preexisting 
knowledge or experience in yoga. Patients had to 
be older than 18 years without the limitations of 
specific cancer diagnoses. Initial assessment only 
concentrated on the general physical ability to 
participate in yoga exercises.

Treatment
 Each course lasted 90 minutes and 
was limited to 10 participants. The training 
concept was specifically composed to consider 
both the physical and emotional limitations of 
cancer patients. Lessons started with relaxation, 
breathing exercises, and attention to one’s 
own body. Subsequently, light power training 
combined with body reception was done in which 
the intensity was adapted to the cancer history 
of each patient. For example, in breast cancer 
patients stretching of the thorax was the focus 
whereas patients with prostate or gynecological 
cancer were oriented toward perineal exercises. 
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Frequently, resting and cool-down phases were 
included. Lessons were finished with a foot 
massage (especially in cases of polyneuropathy) 
and meditation. More intensive yoga exercises, 
such as handstands, headstands, inverse or 
extreme body positions, and intensive breathing 
techniques, were omitted entirely.

Evaluation of effects
 Various questionnaires have been 
considered for potential evaluation of training 
effects on quality of life and well-being of 
cancer patients. The daily fatigue impact scale 
(D-FIS) is focused toward fatigue, which was 
considered as too narrow in one direction for 
the study’s purposes. The treatment satisfaction 
with medicines (STATMED-Q) asks for side 
effects, but not primary treatment results. The 
symptom impact questionnaire (SIQR) measures 
physical activities, but not emotional factors. The 
sickness impact profile and short form health 
survey (SF36) are quite long and not suitable 
for repetitive usage in a training environment 
for patients. Therefore, the short and easy to use 
5-item World Health Organization Well-Being 
Index (WHO-5) has been used for quantification 
of well-being. This instrument is among the 
most widely used questionnaires to assess 
subjective psychological well-being. This well-
being index includes both negative and positive 
aspects of well-being in a single unidimensional 
scale during the last two weeks before rating 
the aspects. Its advantage is the ability to show 
the overall change along the continuum of well-
being, thus facilitating comparisons between 
both patient groups and treatments. The WHO-
5 has high clinimetric validity, can be used as 
an outcome measure balancing the wanted and 
unwanted effects of treatments, is a sensitive and 
specific screening tool for depression, and has 
very high applicability across fields of study.23 It 
is not specific to any disease and has been applied 
as a disease-independent index of well-being in a 
broad range of healthcare studies.

 For this study, we used the German 
translation of the original questionnaire. The 
evaluation has been done before the first yoga 
lesson (start of sessions: SoS) started and at 
the end of the 10-session (EoS) training period. 
Patients were asked to indicate over the past 
2 weeks: (1) I have felt cheerful and in good 
spirits, (2) I have felt calm and relaxed, (3) I 

have felt active and vigorous, (4) I woke up 
feeling fresh and rested, and (5) my daily life 
has been filled with things that interest me. 
Responses to questions had the following rating 
options “All of the time” (5 points), “Most of 
the time” (4 points), “More than half the time” 
(3 points), “Less than half the time” (2 points), 
“Some of the time” (1 point), or “At no time” (0 
points). Answers were scored according to the 
instrument’s instructions, and final scores were 
obtained that ranged from 0 representing the 
worst imaginable well-being to 100 representing 
the best imaginable well-being.24

Statistics
 Variables are expressed as the median/
range or mean±standard deviation (x±SD). 
Student’s t-test and Fisher’s exact test were used 
for evaluation of parameters when appropriate. 
Two-sided approaches and dependent testing 
were applied for longitudinal comparisons, 
whereas groups were compared using 
independent sampling. A Kendall’s Tau test was 
also performed to compare parameters between 
different patient groups. P-values <0.05 were 
considered significant. All statistical analyses 
were performed using SPSS 23.0 software 
package (SPSS, Chicago, Illinois, USA).

RESULTS

Patient cohort
 Overall, 51 patients (44 females, 7 males) 
were enrolled in the training sessions. Thirty-three 
percent of patients performed the sessions during 
continuous cancer-specific treatment whereas the 
remaining patients performed the sessions after 
treatment (48%) or in rehabilitation immediately 
after hospital discharge (16%). Fourty-eight 
patients provided complete questionnaires 
at SoS, and 31 patients completed the entire 
10-session training program and then filled in both 
questionnaires in an evaluable manner. During 
the training period, 6 patients did not complete 
yoga training because of new cancer progression. 
The remaining patients with incomplete 
courses continued their rehabilitation in a home 
environment, but none of them declared yoga 
participation as the reason for dropping out of the 
follow up. Patients had different cancer diagnoses, 
and more than 50% had breast cancer (Table 1). 
Table 2 showed the demographic data of this study.
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WHO-5 scores
 At SoS, WHO-5 well-being scores of all 
patients were highly distributed (47.1±21.4) 
with scores ranging from 16 to 88 points. 
Differences between single questions were not 
reported (Figure 1A). At EoS, the well-being 
index improved to 69.7±15.1 (range, 36–100). 
Most patients rated improved scores; only 4 
patients had unchanged WHO-5 scores over time, 
and one patient reported a slight worsening of 
the well-being index. Changes between both 
evaluation times (difference=EoS-SoS) reached 
from -4 to +80 index points. If single aspects of 
the WHO-5 score were compared before and after 
yoga sessions, each item increased significantly 

(p<0.0005) (Figure 1B). Overall, WHO-5 score 
changes were highly significant (p<.001) for the 
entire patient cohort (Figure 2). This result means 
that the number of patients who reported having 
rare well-being (0–1 point) reduced from about 
one third (33%) of patients to approximately 5%. 
In parallel, the percentage of patients reporting 
4 and 5 points (frequent well-being) almost 
doubled during the time course of yoga sessions.

Cofactors influencing treatment effects
 Treatment status, age, and diagnoses were 
compared to determine whether the observed 
effects could be attributed to one or more of 
various cofactors. A Kendall’s Tau test was used 
because of the uneven distribution of patients 
within the groups. No significant differences on 
both SoS and EoS on WHO-5 scoring and over time 
between patients with continuous treatment and 
after therapy/during rehabilitation were found 
(data not shown).

 In contrast, if age distribution was 
considered various findings were observed. 
Although the majority of the patients were 
between 40–60 years old, we were able to 
investigate the influence of age on the effects of 
yoga training. Interestingly, patients younger 
than 40 years (difference: 10.7±15.4) and older 
than 60 years (difference: 16.0±12.1) showed 
significantly less benefit (p<.005) from these 
mind-body approaches when compared with 
patients in the middle age group (difference: 
28.0±20.6) (Figure 3). Similar observations were 
obtained for single items (not shown).

 In addition, we analyzed if the WHO-
5 score at SoS relates to the potential for 
improvement at EoS or if the observed benefits 
were independent of initial well-being scores. As 
expected, patients with low initial WHO-5 scores 
had the highest potential for gaining higher well-
being. We found a correlation between pre- and 
post-treatment scores. Patients with low initial 
scores benefited most from yoga training whereas 
patients with initial WHO-5 scores of >75–80 
points did not show positive treatment effects 
as demonstrated by the cross-point between the 
regression line and equal benefit line (Figure 4).

 Since our group performed a single arm 
trial without an untreated control group, we 
aimed to reduce the selection bias of patients. 

Diagnosis Number of enrolled patients, n (%)
Bladder 2 (3.9)
Breast 30 (58.8)
CNS cancer 3 (5.9)
Head & neck 1 (2.0)
Hematological 4 (7.8)
Prostate 2 (3.9)
Sarcoma 6 (11.8)
Skin cancer 1 (2.0)
Thyroid 1 (2.0)
Unknown 1 (2.0)
Total 51 (100)

Table 1. Diagnoses of enrolled patients

Table 2. Demographic data

Variable Patients
Gender, n (%)
      Female 44 (86.2)
      Male 7 (13.8)
Age, (years)
      Mean±SD 51.8±9.2
      Range 32–69
Treatment status, n (%)
      During active treatment 17 (33.0)
      After treatment 24 (47.0)
      Early rehabilitation 8 (15.7)
Yoga training, n (%)
      Complete entire 10 sessions 33 (64.6)
      Incomplete due to progression 4 (12.5)

      Incomplete due to home-based
      continuation 11 (21.9)
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Figure 1. Distribution of self-reported well-being at (A) the start (SoS) and (B) the end of sessions (EoS). Percentage of patients 
who reported according to options for frequencies

 

A

WHO-5 index components

100%

75%

50%

25%

0%
cheerful & good spirits

All of the time Most of the time More than half the time Less than half the time Some of the time At no time

calm relaxed active & vigorous woke up feeling
fresh & rested

daily life with things of
interest

W
H

O-
5 

in
de

x 
va

lu
es

 

B

WHO-5 index components

100%

75%

50%

25%

0%

cheerful & good spirits

All of the time Most of the time More than half the time Less than half the time Some of the time At no time

calm relaxed active & vigorous woke up feeling
fresh & rested

daily life with things of
interest

W
H

O-
5 

in
de

x 
va

lu
es

Medical Journal of Indonesia



190
Med J Indones

Vol. 27, No. 3, September 2018

http://mji.ui.ac.id

 

p<0.001

100

80

60

40

20

0
SoS

W
H

O-
5 

in
de

x 
va

lu
es

EoSSession
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(SoS) and end of sessions (EoS)

Figure 3. Age-related effects of yoga training on WHO-5 
scores between the start (SoS) and end of sessions (EoS). 
Patients aged between 40–60 years old reported higher 
benefits
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In addition to the WHO-5 questionnaires, 
all participants were asked to provide 
feedback about information, scheduling, and 
organizational topics. The performance of 
supervised yoga lessons was rated exclusively 

with very positive scores (100%). Information 
about training, its aims, and limitations for 
cancer patients were also considered as highly 
sufficient (93.3% highly positive evaluation). 
Course management and scheduling were rated 
with slightly less satisfaction (85.2% highly 
positive feedback). In light of these very high 
satisfaction rates, further analysis of these 
feedback factors in different patient groups was 
not done.

DISCUSSION

 Our study showed that cancer patients 
seem to have a benefit from yoga exercises 
independent from their specific diagnosis. These 
benefits can be observed in all areas of well-being 
as defined by the WHO-5 evaluation tool. According 
to our results, positive effects are also not directly 
related to the scheduling of these complementary 
interventions during or after treatment. In our 
investigation, scheduling (group-based, once a 
week) only caused a few patients to drop out, but 
this was not related to yoga exposure. However, 
patients with the most relevant lack of well-being 
that can be corroborated by low WHO-5 index 
scores have the highest chance of achieving the 
most intensive improvement in their well-being 
indexes. It is noteworthy that very low WHO-5 
scores were almost completely eliminated during 
the 10 sessions of specifically assisted yoga 
exercises and at EoS, about half of the patients 
reported (very) high scores.

 In summary, our investigation of factors 
that influence the efficacy of yoga in different 
patient groups revealed that middle age (40–60 
years) cancer patients appear to have higher 
benefits in addition to the above-mentioned 
patients with low WHO-5 indexes. This result 
is in line with our recently reported decisional 
preferences in cancer patients25 where age is a 
highly predictive factor that separates various 
patient groups according to their value framework 
in dealing with treatment opportunities.
Interviews with patients during the training 
sessions confirmed that fear of inappropriate 
physical activity during cancer-specific treatment 
or in the early convalescence/rehabilitation 
phase is a highly burdensome problem, although 
this has not been systematically investigated in 
this study.
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 Reduction of cancer treatment-related 
side effects, such as cognition deficits during 
chemotherapy,26 musculoskeletal problems 
under hormonal treatment,27 and menopausal 
symptoms,28 by yoga approaches, were reported. 
In our trial, we focused on the five key aspects of 
the well-being of cancer patients as they were 
defined by the WHO. The short questionnaire had 
the advantage that it could be used repetitively 
during training sessions with sufficient acceptance 
by participants. A more comprehensive analysis 
would require questionnaires that are more 
sophisticated and/or other examinations, but 
according to our institutional experience with 
these types of programs, they are negatively 
associated with acceptance and response rates.

 Studies on yoga benefits in cancer patients 
suffer from heterogeneity with various types of 
yoga interventions, duration, exposure, practices, 
and indications.29 For example, different types of 
yoga training, such as Bali Yoga,30,31 Vivekananda 
Yoga,32 and Hatha Yoga,33 among others might 
have a different influence on the observed effects, 
but evidence comparing various yoga types is 
still absent. In addition, the duration, schedules, 
and frequency of yoga support with or without 
specialized supervision differed in many published 
investigations to date.34 As in other studies, 
the positive effects in our investigation were 
found 3–6 months after starting yoga training. 
Long-term effects35 need to be more intensively 
investigated in future studies, and should also 
include both repetitive training periods and long-
term supervision versus self-guided continuation 
of these exercises. Furthermore, various ways 
to offer yoga training were discussed, such as 
supervised group training as in our study, home-
based efforts,36 or electronic support.37

 The investigation of supportive 
treatment modalities at the end of or after 
cancer-specific treatment always interferes with 
regular convalescence, which is independent 
of interventions. Therefore, active comparator 
studies are recommended. However, the 
introduction of controlled designs in supportive 
treatment evaluation is not accepted in a 
sufficient manner by cancer patients even with 
very intensive recruitment efforts as our group 
has recently experienced.38 Decision preferences 
in these patients at a targeted time point have a 

strong influence25 that intensively interfere with 
trial participation. In our investigation, we used a 
single-institution approach without an untreated 
control group in a pre-post-design. The authors 
are aware of the limitations of this approach. 
Training groups were limited to small group 
training for adequate supervision by a specialized 
trainer who had experience with cancer patients. 
The authors acknowledge that these restrictions 
interfere with the generalization of the obtained 
results. Overall, general recommendations to 
include yoga into the treatment spectrum for 
breast cancer patients have been very recently 
provided by the American Cancer Society.21 
Among others, yoga was recommended for 
anxiety/stress reduction, depression/mood 
disorders, and quality of life improvement. 
Details about the best yoga approach are not 
established yet. Our investigation provided 
additional evidence demonstrating that the yoga 
mind-body approach can be considered a very 
beneficial complementary treatment in cancer 
patients in general. This support should be 
offered to relevant patient groups independent 
of their cancer diagnosis and treatment status. 
Best effects can be expected in patients with low 
initial well-being and 40–60-year-old patients. 
In conclusion, yoga mind-body approaches can 
be considered as beneficial complementary 
treatment in relevant groups of cancer patients, 
especially if these patients suffer from low well-
being during cancer treatment and are in the 
initial convalescence period.
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ABSTRACT

Background: Increased capillary permeability in sepsis is associated with several complications and worse outcomes. Glycocalyx 
degradation, marked by increased serum syndecan-1 levels, alters vascular permeability, which can manifest as albuminuria in 
the glomerulus. Therefore, elevated urinary albumin to creatinine ratio (ACR) potentially provides an index of systemic glycocalyx 
degradation. The aim of this study was to analyze the correlation between urinary ACR and serum syndecan-1 levels.

Methods: A longitudinal prospective study with repeated cross-sectional design was conducted on children with sepsis in 
pediatric intensive care unit, we evaluated serum syndecan-1 levels and urinary ACR on days 1, 2, 3, and 7. A descriptive study on 
healthy children was also conducted to determine the reference value of syndecan-1 in children.

Results: 49 subjects with sepsis were recruited. Based on the data of the healthy children group (n=30), syndecan-1 level of 
>90th percentile (41.42 ng/mL) was defined as systemic glycocalyx degradation. The correlation coefficients (r) between urinary 
ACR and syndecan-1 levels were 0.32 (p<0.001) from all examination days (162 specimens), 0.298 (p=0.038) on day 1, and 0.469 
(p=0.002) on day 3. The area under the curve of urinary ACR and systemic glycocalyx degradation was 65.7% (95% CI 54.5%–
77%; p=0.012). Urinary ACR ≥157.5 mg/g was determined as the cut-off point for glycocalyx degradation, with a sensitivity of 
77.4% and a specificity of 48%.

Conclusion: Urinary ACR showed a weak correlation with systemic glycocalyx degradation, indicating that the pathophysiology 
of elevated urinary ACR in sepsis is not merely related to glycocalyx degradation.

Medical Journal of Indonesia

Clinical Research

Corresponding author: Rina A.C. Saragih
rina.amalia.srgh@gmail.com

Keywords: glycocalyx degradation, sepsis, syndecan-1, urinary albumin: creatinine ratio

https://doi.org/10.13181/mji.v27i3.2156


Saragih, et al.
Urinary ACR and syndecan-1 in sepsis 195

Medical Journal of Indonesia

 Despite the advanced developments 
made in the treatment of sepsis, its morbidity 
and mortality remain high. An epidemiological 
study in the US reported that the incidence of 
pediatric severe sepsis is 0.56 cases per 1000 
population per year, with a mortality rate of 
10.3%.1 Increased capillary permeability in sepsis 
leads to extravasation of plasma proteins and 
fluids. Vascular leakage is associated with several 
complications such as organ edema, hypovolemia, 
and shock, which are related to worse outcomes 
and may lead to death.2,3 Despite its clinical 
importance, there is still a lack of a feasible bedside 
technique for routine quantification of plasma 
leakage in clinical practice.3 Fluid extravasation 
can be detected by a transcapillary radioactive 
albumin injection4 and a transpulmonary 
thermodilution;5 however, these methods are 
invasive and relatively expensive.

 Glycocalyx disruption is associated with 
an increased paracellular permeability and 
an extravasation of albumin or fluid into the 
interstitial space.6 Glycocalyx integrity can be 
analyzed using the visualization technique or 
the examination of the glycocalyx degradation 
marker.3,7 Syndecan-1 is considered to be a valid 
marker of endothelial glycocalyx integrity.3 
Superficial luminal endothelium formed by 
glycocalyx is the earliest component that is 
affected during sepsis. As a component of 
glycocalyx, syndecan-1 is stimulated by a 
mediator of inflammation, which results in its 
shedding into the blood circulation.8 Syndecan-1 
levels are not routinely evaluated in the clinical 
setting, as it is expensive.

 Recently, the term “microalbuminuria” 
is not recommended.9 Earlier, microalbuminuria 
was defined when the urinary albumin excretion 
per day was 30–300 mg or the urinary albumin to 
creatinine ratio (ACR) was 30–299 mg/g. Urinary 
ACR >300 mg/g is clinically defined as proteinuria, 
whereas urinary ACR <30 mg/g is normally found 
in the healthy population. Although these ranges 
are also used in the pediatric population, these 
values are based on research in adults.10 Elevated 
urinary ACR is often detected among critically ill 
patients and described as a predictor of organ 
failure, disease severity, and mortality.11,12 The 
mechanism involved in the association between 
elevated urinary ACR and organ dysfunction 
has not yet been fully understood.4 Glycocalyx 

disruption leads to an alteration in permeability, 
and it is clinically manifested as albuminuria in 
the glomerulus. Wide disruption of glycocalyx 
is predicted to cause albuminuria and systemic 
permeability alteration. Therefore, elevated 
urinary ACR potentially indicates an index of 
vascular function associated with glycocalyx.13 
This study was conducted to analyze the 
correlation between urinary ACR and serum 
syndecan-1 levels as a marker of endothelial 
glycocalyx integrity.

glycocalyx integrity.METHODS

 This study was approved by the 
Institutional Review Board of the Universitas 
Indonesia with the number 64/UN2.F1/
ETIK/2015. A prospective longitudinal study 
with a cross-sectional design was conducted 
among septic children in the pediatric intensive 
care unit (PICU) of Cipto Mangunkusumo Hospital, 
Jakarta; Haji Adam Malik Hospital, Medan; and 
Kariadi Hospital, Semarang. The inclusion criteria 
were children aged 1–35 months, admitted to the 
PICU, diagnosed with sepsis, and whose parents 
agreed to participate in the study by signing the 
informed consent. The diagnostic criteria of sepsis 
were based on the international pediatric sepsis 
consensus conference.14 Sepsis was defined as a 
systemic inflammatory response syndrome (SIRS) 
in the presence of or because of suspected or 
proven infection. SIRS was defined as the presence 
of at least two of the following four criteria, 
one of which must be abnormal temperature or 
leukocyte count: (1) core temperature of >38.5°C 
or <36°C, (2) tachycardia, defined as a mean heart 
rate of ≥2 SD above the normal value for age in 
the absence of external stimulus, chronic drugs, 
or painful stimuli, or unexplained persistent 
elevation over a 0.5- to 4-h time period OR for 
children aged <1 year; bradycardia, defined as 
a mean heart rate of <10th percentile for age in 
the absence of external vagal stimulus, β-blocker 
drugs, or congenital heart disease, or unexplained 
persistent depression over a 0.5-h time period, 
(3) mean respiratory rate >2 SD above normal for 
age or mechanical ventilation for an acute process 
not related to an underlying neuromuscular 
disease or the receipt of general anesthesia, and 
(4) leukocyte count elevated or depressed for 
age (not secondary to chemotherapy-induced 
leukopenia) or >10% of immature neutrophils. 
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Infection was defined as a suspected or proven 
(using positive culture) infection caused by any 
pathogen or a clinical syndrome associated with 
a high probability of infection. The evidence of 
infection included positive findings on the clinical 
examination, imaging, or laboratory tests (e.g., 
white blood cells in a normally sterile body fluid, 
perforated viscous, chest radiograph consistent 
with pneumonia, petechial or purpuric rash, 
or severe purpura). Patients with a history of 
diabetes mellitus, hypertension, or renal disorder 
and patients with severe allergic reaction were 
excluded. Syndecan-1 levels and urinary ACR 
were evaluated on days 1, 2, 3, and 7 since the 
diagnosis of sepsis in the PICU. Disease severity 
was evaluated using the pediatric logistic organ 
dysfunction (PELOD) score. Syndecan-1 levels 
and urinary ACR were evaluated at Prodia Clinical 
Laboratory Jakarta.

 A descriptive study was also conducted 
on healthy children to determine the reference 
value for syndecan-1, as we did not find any 
reference value for syndecan-1 in normal children 
prior to this st udy in the literature. We evaluated 
syndecan-1 level more than 90th percentile 
as a value that reflects systemic glycocalyx 
degradation. The inclusion criteria were children 
aged 1–35 months and defined as healthy 
based on anamnesis and physical examination 
performed by a pediatrician. This study also 
included children who were under preparation for 
an elective surgery, without a systemic disorder 
or any other diagnosis besides the indication of 
the elective surgery. Children with abnormal 
laboratory results (hemoglobin, hematocrit, 
leukocyte, thrombocyte, serum glutamic pyruvic 
transaminase, creatinine, and blood glucose 
levels and urinalysis) were excluded.

Statistical Analysis
 Mann–Whitney U test was used for 
analyzing the continuous variables. The 
correlation between urinary ACR and syndecan-1 
levels was analyzed using the Spearman’s rank 
correlation. A receiver operating characteristic 
(ROC) curve was plotted to statistically analyze 
urinary ACR as a marker of systemic glycocalyx 
degradation. Syndecan-1 value more than 90th 
percentile in healthy children was determined 
as systemic glycocalyx degradation. Differences 
considered to be significant when the p value 
was <0.05, and all analyses were performed 

using Statistical Package for Social Science (SPSS) 
version 20.0.

RESULTS

Study on healthy children
 A total of 30 healthy children, 12 boys 
and 18 girls, were included in this study, with 
the median age being 23 (2–35) months. The 
median urinary ACR value was 10.5 (3–88) 
mg/g, and the mean syndecan-1 level was 27.7 
(SD 2.24) ng/mL. Syndecan-1 level >41.42 ng/
mL (90th percentile) was determined as systemic 
glycocalyx degradation.

Study on septic children
 A total of 49 septic patients were recruited, 
consisting of 32 (65.3%) boys and 17 (34.7) girls. 
Table 1 shows the characteristics of the septic 
subjects. Syndecan-1 level was increased in the 
septic group compared to that in the healthy 
children group [83.40 (10.10–2257.91) ng/mL vs 
27.7 (SD 2.24) ng/mL; p<0.001]. Syndecan-1 level 
of >41.42 ng/mL was found in 40 (81.6%) subjects 
on day 1. The increase in the syndecan-1 value and 
the urinary ACR are presented in Table 2. ACR was 
increased in the septic group compared to that in 
the healthy group [489.0 (10.0–5446.0) mg/g vs 
10.5 (3–88) mg/g; p<0.001]. A total of 33 (67.3%) 
subjects had urinary ACR >300 mg/g on day 1. 
Figure 1 shows the box plot of urinary ACR and 
syndecan-1 levels of healthy and septic children.

Correlation between urinary ACR and 
syndecan-1 Levels
 There were a weak correlation (r=0.32; 
p<0.001) between urinary ACR and syndecan-1 
levels for all the 162 paired specimens from 
all examination days. The correlation analysis 
carried out on each examination day revealed 
a weak correlation on day 1 and a moderate 
correlation on day 3 (Figure 2).

Cut-off point of urinary ACR as a surrogate 
marker of systemic glycocalyx degradation
 Based on the results obtained for the 
healthy children group, systemic glycocalyx 
degradation was defined when the syndecan-1 
level was >41.42 ng/mL. Using the ROC curve, the 
area under the curve (AUC) of urinary ACR, used as 
a marker of systemic glycocalyx degradation, was 
65.7% (95% CI 54.5%–77%; p=0.012)(Figure 3).
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 Urinary ACR ≥157.5 mg/g was determined 
as the cut-off point for systemic glycocalyx 
degradation, with a sensitivity of 77.4%, a specificity 
of 48%, a positive likelihood ratio of 1.49, a negative 
likelihood ratio of 0.47, a positive predictive value of 
89%, and a negative predictive value of 28%.

DISCUSSION

 There are limited studies on elevated urinary 
ACR and its reference value in healthy children.15,16 
In this study, we found the median urinary ACR 
as 10.5 (3–88) mg/g, Urinary ACR was measured 
among healthy children aged 1–35 months. A study 
in normal Korean children reported that urinary 

ACR decreased with age, with the mean values being 
22.72 (SD=13.8) mg/mmol for the age group of 1–12 
months and 16.34 (SD=9.58) mg/mmol for the age 
group of 13–28 months.15 In our study, we found the 
urinary ACR as >30 mg/g in healthy subjects. This 
value was similar to that reported by Hurtado et al 
which demonstrated that elevated urinary ACR can 
be found in healthy subjects.17 Pediatric population 
is an ideal group for studying urinary ACR because 
of the relatively minimal multiple morbidities that 
are commonly found in adults,16 such as diabetes 
and hypertension.

 In the present study, the mean syndecan-1 
level in healthy children was 27.7±2.24 ng/
mL. Syndecan-1 value more than 90th percentile 
(41.42 ng/mL) was determined as systemic 
glycocalyx degradation. We did not find any 
reference value for syndecan-1 levels in normal 
children before this study in the literature. Çekiç 
et al have reported a mean syndecan-1 value of 
34.1 (SD=8.0) ng/mL18 in the healthy adult group.

Table 1. Characteristic of septic patients

Variable Median (min–max) or n(%)

Age (months) 8.0 (1.0–32.0)
PELOD score 2 (0–33)
      ≥20 15 (30.6)
      <20 34 (69.4)
Source of infection

Central Nervous System 
(CNS) 14 (28.6)

      Pulmonary 22 (44.9)
      Abdominal 12 (24.5)
      Burn 1 (2)
Syndecan-1 (ng/mL) 83.40 (10.10–2257.91)

PELOD score=pediatric logistic of organ dysfunction

Table 2. Proportion of increased syndecan-1 and urinary 
albumin to creatinine ratio

ACR=albumin to creatinine ratio

Day n
Syndecan-1

>41.42 ng/mL, 
n (%)

Urinary ACR, n (%)

<30 30–300 >300

1 49 40 (81.6) 5 
(10.2)

11 
(22.4)

33 
(67.3)

2 46 39 (84.8) 4 
(8.7)

13 
(28.3)

29 
(63.0)

3 41 34 (82.9) 2 
(4.9)

17 
(41.5)

22 
(53.7)

7 26 24 (92.3) 2 
(7.7)

14 
(53.8)

10 
(38.5)

Figure 1. Box plot of urinary ACR (A) and syndecan-1 (B) of 
healthy and septic children 
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 Several biomarkers for endothelium have 
been reported, each with different functions.19 
In this study, syndecan-1 was used as a marker, 
which is directly related to the movement of 
fluid from the intravascular to the extravascular 
environment. Syndecan-1 is a major component 
of glycocalyx whose levels are increased in the 
plasma when glycocalyx shedding occurs. Several 
studies have reported that infections caused by 
pathogens may induce syndecan-1 shedding.20 
However, studies on syndecan-1 in septic children 
are very limited.

 This study found a wide range of 
syndecan-1 levels in the septic group, which 
could be due to the variety of disease severity. 
Glycocalyx damage can range from discrete 
disturbances in the composition of the 
entire luminal layer to excessive destruction 

and degradation, with the loss of the entire 
glycocalyx.21 Rehm et al22 also found a wide range 
of increases in syndecan-1 levels in patients 
with ischemia undergoing major vascular 
surgery. Variations in the glycocalyx thickness, 
basal turnover, degradation rate, and severity 
are considered to influence the variations in 
syndecan-1 levels. Furthermore, the glycocalyx 
component appears to be excreted rapidly by the 
renal route; therefore, we cannot ensure that the 
blood sample was collected at the peak time of 
shedding.22

 Urinary ACR was found to be increased in 
the septic group compared to that in the healthy 
group. A total of 33 (67.3%) subjects had urinary 
ACR >300 mg/g, and 11 subjects had urinary 
ACR 30–300 mg/g on day 1. Other studies, using 
the previous definition of microalbuminuria, 

Figure 2. Correlation between urinary ACR and syndecan-1 on days 1 (A) 2 (B), 3 (C), and 7 (D)
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reported the microalbuminuria proportion as 
64% in the pediatric ICU.14

 Although other study had indicated 
that increased urinary ACR is a marker of 
systemic endothelium barrier and permeability 
disruption caused by sepsis,7 this study found 
a weak correlation between urinary ACR and 
syndecan-1 levels. Analysis on each examination 
day also showed a weak correlation on day 
1 and a moderate correlation on day 3. The 
weak correlation appeared to indicate that the 
pathophysiology of elevated urinary ACR in sepsis, 
particularly in the pediatric population, is not 
merely related to glycocalyx degradation causing 
altered permeability. Reabsorption of protein by 
the renal tubules is another factor influencing 
protein concentration in urine.23 A previous 
study using Pediatric Risk of renal dysfunction, 
Injury to the kidney, Failure of kidney function, 
Loss of kidney function, and End-stage Renal 
Disease (pRIFLE) criteria in the pediatric ICU 
demonstrated significant improvement of renal 
function on day 3 of admission,24 and another 
study by Ackan-Arikan et al also reported that 
renal function showed substantial improvement 
within 48 h in 46% of patients with acute kidney 
injury.25 Improvement in renal tubular function on 
the third day of admission may be demonstrated 
using a better correlation between urinary ACR 

and syndecan-1 levels on day 3 compared to 
that on day 1; however, we did not examine any 
marker of tubular function.

 In this study, the AUC of urinary ACR as 
a marker of systemic glycocalyx degradation 
was 65.7%. Statistically, this AUC showed a 
weak diagnostic power. However, as there is 
still a lack of a clinically feasible measurement 
of plasma leakage in daily practice, particularly 
related to glycocalyx degradation, this urinary 
ACR can be useful because it is not invasive, of 
relatively low cost, and commonly available. It 
can be used as a surrogate marker to detect the 
severity of glycocalyx degradation. Therefore, 
we prioritized the sensitivity in determining 
the cut-off point of urinary ACR as a marker of 
systemic glycocalyx degradation in this study. 
Urinary ACR ≥157.5 mg/g was determined as 
the cut-off point, with a sensitivity of 77.4% 
and a specificity of 48%. This was an interesting 
finding as the cut-off point, according to the 
previous definition, was still in the range of the 
definition of microalbuminuria.

 Some limitations still exist in this study. 
As in daily clinical practice, the disease course 
and severity on the day of PICU admission were 
variable, resulting in the wide data range. The 
decrease in the sample size after day 1, especially 
on day 7, caused a limitation in the subgroup 
analysis per day. Moreover, we also did not 
measure any marker of renal tubular disruption. 
Further investigation, including other factors that 
may influence protein concentration in urine, 
such as protein reabsorption by the renal tubules, 
is still needed.

 In conclusion, urinary ACR showed a weak 
correlation with systemic glycocalyx degradation. 
The weak correlation appeared to indicate that 
the pathophysiology of elevated urinary ACR in 
sepsis, particularly in the pediatric population, 
is not merely related to glycocalyx degradation. 
Nevertheless, as there is still a lack of a clinically 
feasible measurement of systemic glycocalyx 
degradation, this urinary ACR can be considered 
as a surrogate marker because it is noninvasive, 
relatively low cost, and commonly available.
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Figure 3. Receiver operating characteristic curve of urinary 
albumin to creatinine ratio as a marker of systemic glycocalyx 
degradation
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ABSTRACT

Background: The Zika virus (ZIKA) infection in pregnant women causes microcephaly, a brain disorder resulting in severe birth 
defects. The objective of this study was to identify the factors that influence Zika prevention practices by pregnant women at the 
Region 5 Health Promotion Center in Thailand.

Methods: A cross-sectional study applied a survey method to collect data from pregnant women between 18 and 45 years of age. 
The sampling method used multistage random sampling. The data were analyzed using descriptive statistics and multiple linear 
regression analysis.

Results: The findings indicated that 5 of 12 factors could significantly predict Zika prevention practices of pregnant women at 
the Health Promotion Center Region 5 in Thailand: education, smoking behavior, check-up status during pregnancy, perception of 
susceptibility, and perception of benefit.

Conclusion: The results show a direct correlation between the perception of susceptibility and benefit and Zika prevention 
practices. Policies for promoting Zika knowledge and preventive behavior by providing information about Zika should focus on 
changing the thoughts, attitudes, and beliefs of pregnant women and their families.
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 World Health Organization (WHO) has 
proclaimed a Zika infection as public health 
emergency, with many countries affected.1 The 
Zika virus infection was first reported in humans 
in Nigeria in 19541

, and there have been many 
outbreaks of the disease in Oceania countries 
between 2007 and 2017.2,3 The transmission 
route of Zika in humans is through a mosquito 
bite. Acute infections from ZIKA are usually mild. 
Common symptoms include rash, arthralgia, 
muscle pain, headache, conjunctivitis, fever, rash, 
and joint pain.4 Most people do not need to worry 
about the Zika virus because it is not fatal and 
the symptoms are usually mild, with a duration 
of about one week.4 However, the Zika virus is 
extremely dangerous to pregnant women.1–3 
Normally, the risk of infection in pregnant women 
increases 18-fold during pregnancy due to 
reduced immunity in the cells.5 Although Zika’s 
symptoms are mild and can disappear within 
one week for a mother, 6 the effect on a child in 
utero is completely different and much more 
dangerous. Therefore, Centers for Disease Control 
and Prevention (CDC) recommend that pregnant 
women and those attempting to become pregnant 
take special precautions to prevent Zika.6 Zika 
infection in pregnant women has been proven to 
cause microcephaly, a brain disorder resulting in 
severe birth defects.6,7 Children with microcephaly 
are at a high risk of delays in cognitive 
development, hearing and visual impairment, 
and other abnormalities.6,7 According to a study 
in Brazil, incidences of microcephaly increased 
during an outbreak of Zika, with over 3,800 cases 
or 20 cases per 10,000 live births.8 Because of 
this threat, countries around the world need to be 
cautious about the Zika virus spreading to other 
areas, including Southeast Asia,6 where Aedes 
albopictus and Aedes aegypti mosquitoes are 
present.7

 In Thailand, an organized observation 
and a collection of information about patients 
infected with the Zika virus began in May 2012 
and was systematically expanded in 2017.6 There 
were 392 Zika cases reported in Thailand in 2017; 
this number includes 86 pregnant women and 
two cases of babies being born with abnormal 
head circumferences.9 Until now there is no 
vaccine or treatment against Zika. Nearly 80% 
of people infected by this virus show almost no 
specific symptoms, making it difficult to diagnose, 
especially in pregnant women.6,7

 Located in the center of Southeast Asian 
countries, the Kingdom of Thailand spans 514 
kilometers and is divided into four areas: Central 
(including Bangkok), North, Northeast, and 
South. These four regions are divided into 76 
provinces.10 This entire area is covered by 12 
Health Promotion Center Regions.9 The Region 
5 Health Promotion Center (HPCR5) includes 
eight provinces: Ratchaburi, Nakhon Pathom, 
Suphanburi, Karnchanaburi, Samut Sakhon, Samut 
Prakarn, Phetchaburi, and Prachuap Khiri Khan.9 
HPCR5 has large and medium-sized industrial 
areas, including the fishing industry, many factories, 
and many unregistered migrant workers, all of 
which are factors that increase the risk of spreading 
the disease.8 More importantly, the Ministry of 
Public Health of Thailand has confirmed Zika virus 
infections in HPCR5 since 2012.11 In the period from 
January 2016 to June 2017, HPCR5 reported that 
the morbidity per population of 100,000 was 0.31. 
Cumulatively, this morbidity was found in 99 cases 
in the age group above 15 years; seven of these 
were infected pregnant women. Fortunately, no 
newborn babies from these cases are suffering from 
microcephaly or Guillain-Barré syndrome (GBS).11

 Accurate knowledge and increased 
awareness of the disease are critical to the effective 
prevention and treatment of ZIKA. An increased 
role of knowledge has been widely proposed in 
the areas of health behavior and health behavior 
change, including in the health belief model 
(HBM).12–14 The HBM model states that one’s 
practice of health beliefs is influenced by one’s 
perception of a disease; increased perception 
and therefore knowledge about the disease will 
later improve the patient’s compliance during 
treatment. In turn, this condition affects the 
decrease in prevalence as well as the occurrence 
of further complications.12 Moreover, the degree 
of perception about the seriousness of a disease 
directly impacts how a person behaves with 
regard to get help for health issues, such as the 
recommended use of health care and medication 
adherence.12 A nationwide study has proven 
that an increased perception about the severity 
of dengue fever has been a major factor in the 
increase of better prevention practices.15 Likewise, 
it is hypothesized that the perceived severity of 
Zika is associated with enhanced mosquito control 
practices. Little is known about what effect the 
perception of Zika prevention and control practices 
has on pregnant women in Thailand.
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 Thus, this paper aims to identify the 
factors that influence Zika prevention practices 
by pregnant women in the Region 5 Health 
Promotion Center of Thailand. The Ministry 
of Public Health could take advantage of 
the resulting database in order to influence 
how people involved in all sectors make 
decisions about Zika prevention practices. 
Both operational and management levels could 
develop an effective plan to prevent and control 
the spread of Zika virus infections in accordance 
with the conditions mentioned in this study.

METHODS

 This was a cross-sectional study that 
used the survey method. The researchers 
conducted surveys in the eight provinces of the 
Region 5 Health Promotion Center: Ratchaburi, 
Nakhon Pathom, Suphanburi, Karnchanaburi, 
Samut Sakhon, Samut Prakarn, Phetchaburi, 
and Prachuap Khiri Khan.9 The Ministry of 
Public Health reformed its management system 
in 2014, with the management structure 
formatted across 12 health zones.9 The main 
purpose was to adjust the operational roles 
and mechanisms to provide people with quality 
health care services regardless of where they 
live. The reason for selecting the Region 5 
Health Promotion Center for this research was 
because this region has both large and medium-
sized industrial areas that increase the risk of 
spreading the disease.9 Most importantly, the 
Region 5 Health Promotion Center reported 
the largest number of pregnant women 
registered.16 This study was officially approved 
by the Institutional Review Board (IRB) in 
the Kanchanabhishek Institute of Medical and 
Public Health Technology, Ministry of Public 
Health, as KMPHT No. 2016/60020061.

 There were approximately 47,889 
pregnant women registered.16 According 
to population study norms, approximately 
380 samples are necessary to make accurate 
projections for a given population over 40,000.17 

In order to make allowances for incomplete data 
or invalid surveys, 395 samples were assigned 
in this research. The sample size was calculated 
by using an error margin of 5% and confidence 
interval levels of 95% to appropriately represent 
the pregnant women in the Region 5 Health 

Promotion Center. Inclusion criteria were as 
follows: (1) pregnant women aged ≥18 years old; 
(2) able to speak Thai; and (3) willing to participate 
in this study. Respondents who fulfilled these 
criteria were then given information about the 
purpose, benefit, and procedure of this research. 
Respondents were interviewed after agreeing 
using verbal consent. The interview was done 
by a trained enumerator in order to ensure the 
quality of the data collection. The next step was 
to complete an interview with each respondent 
as guided by a questionnaire. An interview was 
considered complete when a respondent had 
either answered all the questions or withdrew 
his/her participation from the study. Incomplete 
questionnaires were excluded from the study. 
Data was collected from May–June 2017 and 
entered into a database.

 This study employed multistage random 
sampling, which is a sample selection technique 
done in stages, and is usually based on the 
division of administrative territories. In stage 
one, we selected four provinces randomly out of 
the eight provinces: Ratchaburi, Nakhon Pathom, 
Suphanburi, and Karnchanaburi. In the second 
stage, we randomly selected pregnant women 
from the list provided by the District Health 
Promotion Center, which also provided addresses 
and contact information. The interviews took 
place in the respondents’ homes, except in cases 
where the respondent was not home, in which 
case the interview was conducted at a later time 
by phone.

 The data was collected using structured 
questionnaires divided into seven sections as 
follows: (1) five questions about respondent 
demographics (age, marital status, education, 
occupation, and household monthly income); 
(2) four questions about respondent health-
related behavior (pregnancy check-up status, 
smoking, drinking, and drug use); (3) 10 
questions about the respondent’s knowledge of 
the causes, symptoms, and effects of Zika; (5) 
nine questions about the individual’s exposure 
to media as related to Zika information within 
the past six months; (6) 20 questions about 
the individual’s perception of Zika, including 
perception of susceptibility, vulnerability, 
benefits, and barriers; and (7) 18 questions 
about Zika prevention practices used within the 
past six months.
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 The respondents were classified into six age 
categories: 18–20 years, 21–25 years, 26–30 years, 
31–35 years, 36–40 years, and >40 years old. The 
education levels were categorized as Primary, Junior 
High, High School/Vocational, Diploma, Bachelor, 
and Post-Graduate. The occupation categories 
included farmers, civil servants, contractors, 
employees, students, business operators, and 
other. The pregnancy check-up status was divided 
according to “never been checked” (coded as 1), 
“incomplete pregnancy check-up” (coded as 2), and 
“complete pregnancy check-up” (coded as 3).

 Respondents’ knowledge about Zika 
was assessed based on 10 questions in the third 
section of the questionnaire, all of which had to 
be answered as “yes,” “no,” or “do not know.” Each 
correct answer was assigned 1 point, while each 
wrong or “do not know” answer was assigned zero 
points. The questions asked to assess individuals’ 
ZIKA-related knowledge included the method 
of Zika virus transmission, the most important 
precaution to take against Zika, Zika’s symptoms, 
and high risk people. Hence, the maximum possible 
score was 10. Respondents’ levels of knowledge 
were classified into three categories: low (score 
0–3), moderate (score 4–6), and high (score 7–10).

 The questions about the perception of 
Zika asked about the perception of susceptibility, 
vulnerability, benefits, and barriers in the six 
sections of the questionnaire.18 The perceived 
susceptibility question asked about Zika’s risk 
factors and transmission; the perceived severity 
question asked about the severity of Zika’s 
medication and ZIKA’s risk; the perception of 
benefit questions asked about Zika-benefit 
prevention; and the perception of barriers 
questions asked about the time spent in visiting 
medical doctors and creating barriers through 
prevention behavior. Each of the perceptions 
was measured using five questions. General 
perceptions about Zika were elicited by asking 
respondents to rank their agreement with five 
statements using a Likert scale numbered from 1 
(strongly disagree) to 5 (strongly agree). Next, the 
answers were added together for a total final score. 
The final score number was then categorized as 
very low (1–5), low (6–10), moderate (11–15), 
and high (16–20).

 The dependent variable was the preventive 
practice against Zika, which refers to mosquito 

bite prevention. The dependent variable was 
derived from 20 questions. These 20 questions 
represented mosquito bite prevention practices, 
including eliminating mosquito breeding places, 
practicing good nutrition and personal hygiene, 
using a facemask during influenza outbreaks, and 
accessing health resources when sick. Each item 
was scored as 3 (regular), 2 (often), 1 (once in a 
while), and 0 (never). In total, the score would fall 
between 0 and 60. The total score was categorized 
as low (0-19), moderate (20–39), and high (more 
then 40).

 Before being used for the survey, the 
questionnaire was pretested with 30 individuals 
whose characteristics were similar to the 
study population in order to verify the clarity 
of the language used and the questionnaire’s 
structure.19 Wording revision then took place 
accordingly. A Cronbach’s alpha of 0.766 
meant that the reliability of the questionnaire 
was acceptable.19 The content validity of the 
questionnaire was also validated by five experts, 
including nurses, public health practitioners, 
and social workers who work with pregnant 
women. The test contained 71 items and had 
an acceptable measure of content validity; the 
index of conjugate (IOC) was 0.95.

 Descriptive statistics were used to 
describe the variables by presenting the mean 
and standard deviations for age, education, 
occupation, pregnancy check-up status, 
knowledge about Zika, perception of Zika, and 
preventive practices against Zika. This paper 
investigates the effect of socioeconomic factors, 
and knowledge and perception of Zika toward 
the preventive practice against Zika infection. 
The HBM model is used to describe the health 
behavior background that is based on the attitudes 
and beliefs described about a particular disease/
event. The HBM model illustrated that knowledge 
and perception of a disease affects a person’s 
behavior in the treatment and other behaviors 
associated with the disease experience.12,13 For 
the dependent variable measurement as an 
interval scale, the multiple linear regression 
was applied accordingly. Moreover, this method 
is suitable for predicting independent variable 
effects on interval scale dependent variables. 
The classical multiple linear regressions, 
such as normal distribution, multicollinearity, 
heteroscedasticity, autocorrelation, were 



Issara Siramaneerat
Zika prevention practices 205

satisfied at the minimum point.19 Multiple linear 
regression was performed using a statistical 
program application. Furthermore, the result is 
considered statistically significant if the p-value 
<0.05.

RESULTS

 Table 1 presents the demographic 
characteristics of the 395 participants. Most 

Table 1. Social determinant, perception, knowledge and preventive practice of Zika

*p<0.05; Total subjects=395; R-squared=0.355; Adj R-squared=0.307

Characteristics Mean±SD or n (%) Coefficient p 95% CI
Age  
      18–20 years (Ref.) 3 (8.86%) - - -
      21–25 years 62 (15.7%) -2.111 0.222 (-5.207–1.352)
      26–30 years 91 (23.04%) -0.355 0.839 (-5.508–1.286)
      36–40 years 147 (37.22%) 1.925 0.308 (-3.778–3.068)
      >40 years 56 (14.18%) 6.262 0.123 (-1.785–5.636)
Status 
      Single (Ref.) 32 (8.10%) - - -
      Married 343 (86.84%) -0.936 0.498 (-3.648–1.775)
      Divorced, separated, and widowed 20 (5.06%) -3.389 0.093 (-7.343–0.565)
Education 
      Primary (Ref.) 32 (8.10%) - - -
      Junior High 46 (11.65%) 3.002 0.077 (-0.327–6.330)
      High school/Vocational 77 (19.49%) 2.407 0.124 (-0.660–5.474)
      Diploma 69 (17.47%) 3.406 0.046* (0.054–6.758)
      Bachelor 143 (36.20%) 5.050 0.003* (1.785–8.316)
      Post graduate 25 (6.33%) 6.314 0.007* (1.776–10.851)
      Other 3 (0.76%) 5.318 0.209 (-3.000–13.636)
Occupation
      Farmers (Ref.) 25 (6.33%) - - -
      Civil servant 41 (10.38%) -0.185 0.928 (-4.178–3.808)
      Contractor 80 (20.25%) 2.209 0.212 (-1.263–5.681)
      Employees 86 (21.77%) 0.590 0.740 (-2.900–4.080)
      Student 15 (3.8%) 1.224 0.633 (-3.818–6.267)
      Business 112 (28.35%) 0.851 0.617 (-2.489–4.190)
      Other 36 (9.11%) 1.426 0.476 (-2.507–5.358)
Household monthly income (Thai Baht) 35,837.97±34,736.47 0.000 0.067 (0.000–0.000)
Pregnancy check-up status 
      Never been checked-up (Ref.) 23 (5.82%) - - -
      Non-completed pregnancy check-up 68 (17.22%) 1.803 0.302 (-1.683–5.410)
      Completed pregnancy check-up 304 (76.96%) 1.615 0.003* (1.637–7.988)
Knowledge about ZIKA 2.85±2.60 -0.102 0.464 (-0.376–0.172)
Perceive about ZIKA
      The perceive of susceptibility 18.03±4.59 0.351 0.001* (0.141–0.562)
      The perceive of severity 18.22±4.32 -0.113 0.278 (-0.316–0.091)
      The perceive of benefit 19.61±3.72 0.651 0.000* (0.406–0.896)
      The perceive of barrier 12.56±4.97 -0.007 0.943 (-0.195–0.181)
Preventive practice of Zika 34.08±8.25 - - -
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respondents (37.22%) were 31–35 years old, 
and 36.2% of them had completed a Bachelor’s 
degree. The majority of the occupation statuses 
(28.35%) were businesswomen. Regarding 
household economic status, the median 
household monthly income of the participants 
was 35,837.97 baht, which fell within a large 
range, from 4,000 to 500,000 baht. The majority 
(76.96%) had completed a pregnancy check-up. 
The average of knowledge about Zika was 2.85 
out of 10. Regarding perception, the perceived 
benefit was the highest average (x̅=19.61) while 
the perceived barrier was the lowest average 
(x̅=12.56). In addition, the preventive practice 
of Zika was revealed as moderate practice 
(x̅=34.08).

 For multiple linear regression analyses, 
all variables, such as age, education, occupation, 
household monthly income, pregnancy check-
up status, and knowledge and perception of 
Zika were included in the model. The results 
revealed that education significantly influenced 
Zika prevention practices during pregnancy. 
This is true particularly for those who graduated 
with a diploma or degree (Coefficient=3.406, 
95% CI: 0.054–6.758), bachelor’s degree 
(Coefficient=5.050, 95% CI: 1.785–8.316), and 
post graduate degrees (Coefficient=6.314, 95% 
CI: 1.776–10.851).

 In addition, women who completed a 
pregnancy check-up used more Zika prevention 
practices than others did (Coefficient=1.615, 
95% CI: 1.637–7.988). Moreover, the perception 
of susceptibility and benefit positively influenced 
Zika prevention practices. The coefficients were 
0.351 and 0.651, respectively. The regression 
model could explain the 35.50% variance of 
Zika prevention practices by pregnant women 
(R2=0.355).

DISCUSSION

 This study found that the level of 
perception of Zika among pregnant women is low. 
This implies that the overall perception of Zika is 
not high among the study population. The target of 
promotion and prevention strategy in combating 
the Zika virus includes women who are planning 
to have a baby and their partners. The HBM was 
developed by several scholars according to the 

role of perception in changing health behaviors 
and sustained behavioral changes.12,13

 Moreover, this study revealed that most 
of participants (pregnant women) in the survey 
had low levels of knowledge about Zika. This fact 
emphasizes the need for a government to promote 
informational campaigns directed at the target 
population. Correct knowledge about Zika is an 
important issue in preventing the transmission 
of the disease in pregnant women. In addition, 
husbands of pregnant women who often travel 
abroad need to be educated on all aspects of the 
Zika virus. Transferring knowledge using mass 
media would help reach a broader audience, but 
the media must distribute accurate information. 
More importantly, neonatal care providers such as 
nurses, health staff, and medical personnel play an 
important role in disseminating information.20,21

 This research found that the perception 
of susceptibility and benefit are directly 
correlated with Zika prevention practices, 
which is consistent with the results of several 
other studies.20,21 Similar to a study in Malaysia, 
which found community involvement in 
combating Zika to be the main focus in Malaysia. 
Its main goal is to increase public perception of 
the severity of Zika.22

 A person will take action or behave to 
prevent or control illnesses only when he or she 
believes it will decrease their susceptibility to 
the illness or that he or she will benefit from the 
recommended action.23 Therefore, the government 
should provide information on the health risks 
of Zika infection and the benefits of avoiding the 
virus through community education and media 
campaigns.23,24 Policies for promoting knowledge 
about Zika and associated preventive behavior 
should focus on changing the thoughts, attitudes, 
and beliefs of pregnant women and their families.23 
Media campaigns throughout the community can 
influence perceived benefits of avoiding the Zika 
virus using billboards, newspapers, radio, and 
posters.23,24 Accordingly, the health belief model 
and social cognitive theories also support the idea 
that media campaigns are an important component 
of influencing and changing human perception.16

 Furthermore, in the Zika endemic area, 
one effective way to prevent transmission of the 
Zika virus is by preventing mosquito bites. For 
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this reason, pregnant women and their partners 
should always be careful to try to prevent mosquito 
bites.23,24 They must follow prevention guidelines 
as regulated for general population.24 Efforts that 
can be made include: (1) using brightly colored 
clothes that cover as much as possible of all parts 
of the body; (2) using mosquito nets during sleep, 
whether day or night; (3) keeping potential places 
for mosquito breeding clean by draining and/or 
closing water reservoirs such as pots.

 Most importantly, in areas where the 
Zika virus is present, pregnant women must 
have regular antenatal examinations and follow 
the advice given by health-care providers.21,24,25 
Pregnant women who show symptoms or signs 
of Zika should have an early antenatal screening 
and perform continued proper screening and 
treatment. Moreover, national plans can target 
the polluted water and sewage with a water 
treatment and sanitation.24

 This study has revealed some important 
factors related to Zika prevention practices by 
pregnant women in Thailand. However, one 
limitation of this study is that it only covered 
pregnant women who registered at the District 
Health Promotion Center; it did not cover those 
who received their pregnancy check-ups at the 
hospital, clinic, or private medical doctor’s office.

 In conclusion, our findings confirmed that 
pregnant women have a low level of knowledge 
about Zika, and more importantly, that they have a 
moderate perception of Zika’s severity. This study 
also confirms that the perception of susceptibility 
to Zika is an important predictor of improving 
prevention practices around Zika transmission. 
These results provide evidence that the increased 
public perception about the severity of Zika 
can also improve mosquito control practices 
by the community. This finding is important for 
planning future prevention and health education 
interventions.
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ABSTRACT

Background: The prevalence of short stature during adolescence in Indonesia remains high. Adolescents are very concerned 
about their stature. Most adolescent health problems are related to psychosocial issues. The prevalence of mental disorders 
among adolescents in Indonesia is 6.0%, and West Java is 9.3%. The aim of this study was to analyze the association between 
stature and mental problems during middle adolescence.

Methods: This analytical cross-sectional study was performed at three high schools in Jatinangor, West Java, Indonesia. The 
subjects were students, age of 16–17 years old without physical abnormalities other than short stature and weight problems. 
Mental problems were screened using a self-report Strength and Difficulties Questionnaire (SDQ). Data were analyzed using the 
chi-square test with prevalence risk.

Results: Of the 150 respondents, 116 subjects met the inclusion and exclusion criteria. The prevalence of short stature was 
55 cases (47.4%) and more predominant in females. Among the behavioral and emotional problems assessed, the emotional 
symptom was associated significantly with short stature; prevalence ratio 1.87 (95% CI=1.14; 3.08). There was no significant 
association of short stature with other attributes such as conduct, hyperactivity, peer problems, and total difficulties (p>0.05).

Conclusion: Stature in adolescence is associated with emotional problems. 
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METHODS

 This comparative cross-sectional 
study was conducted from September 2016 
to June 2017 in the Jatinangor sub-district. 
Subjects were adolescents between the ages 
of 16 and 17 years in SMA Plus Al-Falah, SMA 
Swasta Darul Fatwa, and SMA Swasta Al-
Ma’some. The convenient sampling method 
was used. Exclusion criteria were the presence 
of significant comorbidities (e.g., asthma), an 
inability to fill out questionnaires, as well as 
failure to obtain children assent, in addition, 
parental consent when required. A sample 
size of 150 students was needed based on 
calculation using two unpaired, independent 
proportions with the a value of 0.05, and the b 
value of 0.2. Convenient sampling was used in 
sample selection. A total of 116 students were 
eligible to participate.

 The variables assessed in this study 
included stature, behavioral, and emotional 
problems. Stature is defined as height-for-age 
Z-score (HAZ) according to the WHO Growth 
Standard Chart, categorized into normal 
(Z-score≥2 SD) and abnormal (Z-score<2 SD). 
Height was determined by measuring standing 
height using a stadiometer with a fixed vertical 
backboard, and an adjustable headpiece. Data 
were calculated using WHO Anthro version 
3.2.2 software to determine the HAZ. Behavioral 
and emotional problems were measured 
using the self-report Strength and Difficulties 
Questionnaire (SDQ). The SDQ is a behavioral 
and emotional screening questionnaire, which 
consists of 25 attributes divided into questions 
assessing total difficulties (emotional symptoms, 
hyperactivity/inattention, conduct problems, 
peer relationship problems), and questions 
assessing prosocial behavior. Results of the SDQ 
are categorized into normal, borderline, and 
abnormal.

 The chi-square test was used to analyze 
categorical variables. Associations between 
behavioral problems, emotional problems, 
and height stature were tested by prevalence 
ratios (PRs). All analyses were performed using 
Statistical Package for Social Science (SPSS) 
version 22 software. Informed consent was 
obtained in accordance with the Declaration 

 Adolescents are individuals with ages 
that range between 10–19 years old. Adolescence 
is one of the most important transitions in a 
person’s life, from childhood to young adulthood 
marked by tremendous growth and changes that 
occur quickly.1 The gaps between biophysical 
developments may affect psychological and 
emotional development. Adolescence is often 
divided into three sub-stages: early (10–14 
years), middle (15–17 years), and late (>17 
years) adolescence. Many health problems in 
young people have a psychosocial rather than a 
biological basis. Although mental health problems 
account for about 50% of the burden of illness in 
adolescence, some are mild and transitory. The 
World Health Organization (WHO) stated that 
1 of 5 children aged <16 years, and 104 out of 
1000 children aged 4–15 years had behavioral 
and emotional problems, and the incidence rate 
is even higher in the age group >15 years.2 In 
2013, the Indonesian National Health Research 
reported that the prevalence of behavioral and 
emotional disorders in the population ≥15 years 
old is 6.0%, and in West Java, one of the provinces 
with the highest prevalence, was 9.3%.3

 Stature is one factor affecting 
psychological problems in adolescents. Growth 
in stature is an essential determinant of well-
being, which signifies increasing independence.4,5 
Furthermore, short stature may have a negative 
effect on both an adolescent’s development and 
psychological functions.6 Short stature is defined 
as having a height below the third percentile, or 
as a height, that is 2 standard deviations (SDs) 
below the normal stature for both age and sex 
according to the population reference.7 WHO 
reported that the trend of short stature in the 
world is decreasing.8 In contrast, short stature 
is an important concern of public health in many 
developing countries. By 2020, it is predicted that 
68 million children in Asia and 64 million children 
in Africa will be of short stature, respectively.8,9 
In Indonesia, the prevalence of short stature in 
590,570 families was 33.2%.10 Since short stature 
is assumed to impact young patients’ functioning 
and well-being, many studies have focused on 
middle adolescence. However, there are few 
researches on the effects of stature on mental 
problems in developing countries. This issue is 
critical as behavioral and emotional problems 
often persist into adulthood and may influence 
future cognitive and academic outcomes.
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of Helsinki standards, and the ethical review 
committee of the Faculty of Medicine, Universitas 
Padjadjaran number 407/UN6.C.10/PN/2017 
approved this study.

RESULTS

 Of 116 participants, short stature was 
found in 55 (47%) students, 18 (33%) males, 
and 37 (67%) females (Table 1). There were 
no significant differences in characteristics 
such as gender, age, parental income, and the 
number of siblings by stature group. When 
compared with SDQ tests, problems related to 
conduct, hyperactivity/inattention, and peer 
relationships were not statistically associated, 
with PR and 95% confidence interval (CI) of 1.11 
(0.54–2.26); 1.01 (0.71–1.42); 1.01 (0.83–1.23), 
respectively. However, emotional problems were 
significantly associated with a PR of 1.87 in short 
stature students, as shown in Table 2. This study 
also found that short stature had a significant 
association with total difficulties particularly 
regarding behavioral and emotional problems, as 
shown in Table 3.

Table 1. Distribution of subject characteristics based on 
stature

Table 2. Association of stature and emotional symptoms on 
the SDQ

Table 3. Association of stature and total difficulty on the SDQ 

PR=prevalence ratio; CI=confidence interval; p=0.534 with 
chi-square test

PR=prevalence ratio; CI=confidence interval; p=0.011 with 
chi-square test

*chi-square test; †Fisher-exact test

Stature
Total

difficulty Total PR (CI 95%)
Abnormal Normal

Short 33 22 55 0.92 (0.69–1.21)
Normal 40 21 61
Total 73 43 116

Stature
Emotional 
symptom Total PR (CI 95%)

Abnormal Normal
Short 27 28 55 1.87 (1.14–3.08)
Normal 16 45 61
Total 43 73 116

Stature
pShort 

(n=55)
Normal 
(n=61)

Gender, n (%)
      Male 18 (33) 22 (36) 0.706*
      Female 37 (67) 39 (64)
Age (years), n (%)
      16 36 (66) 38 (62) 0.724*
      17 19 (34) 23 (38)

Parental income/month, 
n (%)

      Low 42 (73) 42 (69) 0.833†

      Middle 9 (16) 13 (21)
      High 6 (11) 6 (10)
Number of siblings, n (%)
      0 3 (5) 2 (3) 0.970†

      1–2 21 (38) 23 (38)
      3–5 28 (51) 31 (52)
      >5 3 (5) 4 (7)

DISCUSSION

 This study found a significant association 
between short stature and emotional symptoms 
during middle adolescence. This finding is 
consistent with other studies, in which short 
stature has a negative influence on psychosocial 
functioning.11 Furthermore, adolescents with 
short stature are at a higher risk of mentally 
internalizing problems, which manifested as 
symptoms resembling physical illness, anxiety, 
unhappiness, and lack of self-confidence.5,12 

Different studies have reported controversial 
findings regarding the association of height with 
social behaviors. One community-based study 
showed no differences in behaviors between 
short stature and normal children.13 However, the 
behavioral problem is dependent on the degree of 
short stature, and the ability of the individual to 
cope with their short stature.14

 In this study, conduct, hyperactivity, 
and peer problems were not associated 
significantly with stature. Similar to the Chang 
et al no differences were found between short 
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stature and non-stunted groups regarding the 
presence of hyperactivity and other emotional 
difficulties.15

 The current study found that short 
stature was more prevalent among females when 
compared with male adolescents. However, 
this difference was not statistically significant. 
Jafari-Adli et al reported that the prevalence of 
short stature among Tehran students is both 
statistically and significantly higher in females 
(4.4%) when compared with males (2.8%), 
p<0.05.6 It is well established that the existence 
of early emotional problems in children may 
predict later mental issues, such as depression, 
when these individuals become adults. Stunted 
children, therefore, may be at risk for more 
serious social problems in adulthood.13

 A limitation of this study is that the 
etiology of short stature was not examined 
further. Therefore, it is suggested that further 
research is conducted to classify short stature 
variables contained in the study based on etiology. 
In addition, the nature of the study design itself 
was a limitation since it had a cross-sectional 
study design and used self-reported data. Thus, 
it is advisable for subsequent research to use a 
qualitative approach to obtain in-depth details 
regarding the behavioral and emotional problems 
that adolescents face.

 There is an association between stature 
and emotional symptoms during the middle 
of adolescence. The prevalence of emotional 
symptoms in mid-adolescents with short 
stature is higher than that in mid-adolescents 
with normal stature. However, there was no 
difference in the behavioral and emotional 
status between mid-adolescents with both 
short and normal stature based on conduct, 
hyperactivity, peer problems, and total 
difficulties.
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ABSTRACT

Background: This study aimed to determine the profile of eye diseases at Karitas Hospital in Southwest Sumba during 2015.

Methods: The cross-sectional and descriptive study was conducted by analyzing medical records of 1706 patients who presented 
with eye complaints at Karitas Hospital, Southwest Sumba, in 2015. Complete medical records were recovered from 1363 patients, 
who served as subjects for this study.

Results: Thirty-six percent of subjects were elderly (>55 years old) and 9.9% were children (<18 years old). Female patients 
comprised 56.4% of the study population and males 43.6%. Non-infectious eye diseases dominated (89.8%; 95%CI: 88.2%–
91.4%) compared to infectious diseases (8.2%; 95%CI: 6.7%–9.7%) and mixed cases (2%; 95%CI: 1.3%–2.7%). Avoidable causes 
of blindness, cataract (34%), and refractive error (17.3%), were mostly found among non-infectious cases, while conjunctivitis 
(52.7%) and keratitis (17%) were the most commonly encountered infectious diseases.

Conclusion: Eye diseases at Karitas Hospital in Southwest Sumba mostly comprised non-infectious diseases. The most commonly 
noted non-infectious diseases were cataracts and refractive errors, while conjunctivitis and keratitis were the most commonly 
found infectious diseases. Due to the high amount of patients seeking eye care within Southwest Sumba, ophthalmologists and 
proper equipment are needed at the Karitas Hospital.
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 It is reported that the province of East 
Nusa Tenggara (ENT) has the second-highest 
prevalence of blindness (1%) in Indonesia.1 

According to the World Health Organization 
(WHO),2 any prevalence of blindness exceeding 
0.5% is a social concern. As such, the province 
of ENT has a health problem requiring special 
attention.3,4 The four main causes of blindness in 
Indonesia are cataracts, glaucomas, uncorrected 
refractive errors, and degenerative diseases, 
such as diabetic retinopathy and age macular 
degeneration.5,6

 The Southwest Sumba district in ENT 
is underdeveloped and includes isolated rural 
populations with difficult access to health 
care facilities, limited eye care equipment, and 
adequately trained personnel. Most residents of 
the district are impoverished, poorly educated, 
and have no exposure or awareness of key eye 
health issues. Since the district’s sole hospital has 
no ophthalmologist, the general practitioner and 
senior ophthalmology-trained nurse perform eye 
examinations and treatments. The availability of 
eye treatments are limited; therefore, patients 
requiring further management are referred to the 
nearest hospitals with ophthalmologists located 
in Kupang or Denpasar, requiring additional 
funding and effort.

 Blindness is defined by WHO as visual 
acuity <3/60 and low vision is defined as visual 
acuity of 3/60–6/18 in the best-corrected 
eye.7 Blindness and low vision severely impact 
individuals along with their families and 
communities. Any conditions leading to the 
aforementioned visual acuity are classified as 
causes of blindness. Avoidable causes of blindness 
are defined as preventable eye conditions leading 
to blindness and include cataracts, refractive 
errors, glaucomas, and diabetic retinopathy. 
Unavoidable causes of blindness include 
trauma or childhood blindness. Therefore, the 
prevention of blindness is of paramount public 
health importance. This can be accomplished by 
screening for eye diseases by nurses qualified 
to recognize and refer patients with a risk of 
blindness for care by ophthalmologists.

 The prevalence of avoidable and non-
avoidable blindness, in addition to the causes 
and prevalence of infectious and non-infectious 
eye diseases, directly inform the mitigation 

strategy (i.e., qualifications of eye care personnel, 
appropriate facilities, equipment, and drugs). 
Therefore, we conducted a survey of eye disease 
profiles in patients seeking eye care at Karitas 
Hospital in Southwest Sumba in 2015.

METHODS

Study location
 This study was done in the district of 
Southwest Sumba, ENT, Indonesia by obtaining 
data from the only hospital serving the district, 
Karitas Hospital (or Charitas of Christian Charity 
and a government-supported church operated 
facility) located in the capital city of Tambolaka. 
Southwest Sumba is an underdeveloped and 
impoverished district involving poor education 
and difficult access to health care services. Eye 
disease diagnoses are based on the patients’ 
history and a simple eye examination conducted 
by a general practitioner and ophthalmology-
trained nurses using a Snellen-chart, penlight, slit 
lamp, and direct ophthalmoscope.

Data collection
 This descriptive study had a cross-
sectional design and the data was collected from 
patients with primary complaints involving eye 
diseases, The data was obtained from patient 
medical records from the ophthalmology clinic 
at Karitas Hospital during 2015. The hospital 
director approved data collection and publication. 
Further, ethical approval was obtained from the 
Faculty of Medicine Universitas Indonesia ethical 
board (0656/UN2.F1/ETIK/2018). Available 
data included age, gender, and clinical diagnosis; 
the total sample was used. Age groups included 
children (<18 years old), young adults (18–35 
years old), middle-aged adults (36–55 years old), 
and older adults (>55 years old).

 Recorded eye diseases were classified as 
infections due to microorganisms (infectious), 
non-infectious, or a mix of both. Mixed diagnoses 
were considered when patients simultaneously 
suffered from infectious and non-infectious eye 
problems in one visit, such as conjunctivitis and 
cataracts. Simple diagnoses which were able to be 
diagnosed by trained nurse were collected at the 
initial encounter while more complex diagnosis, 
requiring ophthalmologist and supportive 
examinations at referral hospitals or periodic eye 
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were included for analysis in the study. Table 1 
shows the demographic properties of the study 
population being older adults (36%) and 9.9% 
were children. Patients were more likely to be 
female than male (56.4% vs. 43.6%).

 Eye diseases were then classified as 
infectious, non-infectious, or mixed. Non-
infectious diseases include dry eye, pterygium, 
corneal leukoma, non-infectious uveitis, 
cataract, refractive error, asthenopia, glaucoma, 
neuritis, trauma, and foreign body. Infectious 
diseases include blepharitis, dacryocystitis, 
endophthalmitis, hordeolum, keratitis, 

examinations from charity events, were recorded 
during the follow-up period.

 Data was then analyzed as percentages 
using Microsoft Excel including frequency 
distributions and confidence intervals. Statistical 
analyses were not performed.

RESULTS

 Among 1706 patients reporting to 
Karitas Hospital in 2015 with complaints of eye 
disease, 1363 had complete medical records and 

Table 1. Distribution of eye diseases based on age group and gender

Characteristics
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Total
n (%)

Total (%) 59 (52.7) 19 (17) 15 (13.4) 10 (8.9) 4 (3.6) 2 (1.8) 1 (0.9) 1 (0.9) 1 (0.9)
Age group
      Children 9 6 15 4 1 0 1 0 0 29 (25.9)

      Young
      adults 28 5 8 0 1 2 0 0 1 41 (36.6)

      Middle-aged
      adults 9 5 4 5 2 0 0 0 0 24 (21.4)

      Older adults 13 3 3 1 0 0 0 1 0 18 (16.1)
Gender
      Male 19 6 5 7 2 2 0 0 1 42 (37.5)
      Female 40 13 10 3 2 0 1 1 0 70 (62.5)

Table 2. Distribution of eye diseases due to infection based on age group and gender

Characteristics Infection, n (%) Non-infection, n (%) Mixed, n (%)
Total 112 (8.2%; 95% CI 6.7%–9.7%) 1,224 (89.8%; 95% CI 88.2%–91.4%) 27 (2%; 95% CI 1.3%–2.7%)
Age group
      Children 29 (25.9) 103 (8.4) 3 (11.1)
      Young adult 41 (36.6) 242 (19.8) 3 (11.1)

      Middle-aged
      adult 24 (21.4) 417 (34.1) 11 (40.7)

      Older adult 18 (16.1) 462 (37.8) 10 (37.0)
Total 112 (100) 1,224 (100) 27 (100)
Gender
      Male 42 (37.5) 536 (43.8) 16 (59.3)
      Female 70 (62.5) 688 (56.2) 11 (40.7)
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conjunctival cysts, conjunctivitis, corneal 
ulcer and uveitis. Non-infectious eye diseases 
comprised almost all of the diagnoses (89.8%). 
These were mostly found in females (56.2%) 
and older adults (37.8%). Eye diseases caused 
by infections occurred in 8.2% of cases and the 
remaining (2%) were mixed infectious and 
non-infectious cases, such as conjunctivitis and 
cataracts or conjunctivitis and refractive errors.

 Table 2 shows that the most common 
infectious eye disease was conjunctivitis 
(52.7%), followed by keratitis (17%), hordeolum 
(13.4%), corneal ulcer (8.9%), conjunctival cyst 
(3.6%), uveitis (1.8%), endophthalmitis (0.9%), 
blepharitis (0.9%), and dacryocystitis (0.9%). 
These infectious causes occurred more often in 
females (62.5%) than in males (37.5%). Young 
adults comprised most of the infectious cases 
(36.6%), followed by children (25.9%), middle-
aged (21.4%), and older adults (16.1%). Infectious 
diseases causing blindness included central 
corneal opacity, uveitis, and endophthalmitis.

 Patients with non-infectious eye 
diseases sometimes suffered from more 
than one disease diagnosis. This explains the 
difference between the number of diagnoses 
and patients for each diagnosis. Thus, the 
number of patients with non-infectious eye 
diseases was 1,224 while the number of cases 
was 1,343. Cataracts were the most prevalent 
cause of blindness comprising 34% of cases, 
the majority (74%) of which comprised older 
adults, although some children (5.3% of 
cases) suffered from traumatic and congenital 
cataracts as well.

 Presbyopia was the second-most 
prevalent eye condition in this study (17.3%) 
and was mostly found in the middle-aged group. 
Other non-infectious eye diseases were dry eye, 
pterygium, leukoma, trauma, foreign body, and 
non-infective uveitis (Table 3). In this study, non-
infectious conditions that may lead to blindness 
were cataracts, glaucomas, refractive errors, 
diabetic retinopathy, and pterygium.
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Total
n (%)

Total n (%)
417
(34)

212
(17.3)

144 
(11.8)

123
(10.1)

72
(5.9)

66
(5.4)

61
(5)

51
(4.2)

46
(3.8)

43
(3.5)

30
(2.5)

29
(2.4)

27
(2.2)

20
(1.6)

Age group

     Children 22 0 7 25 12 12 0 1 1 0 8 2 2 2
94

(6.9)

     Young
     adults

16 1 31 51 49 13 16 0 4 16 11 11 13 7
239

(17.5)

     Middle-
     aged
     adults

70 164 53 38 10 23 27 30 12 26 8 14 11 8
494

(36.2)

     Older 
     adults

309 47 53 9 1 18 18 20 29 1 3 2 1 3
506

(37.1)

Gender

     Males 229 84 48 32 10 32 26 18 16 12 26 6 21 9
569

(41.7)

     Females 188 128 96 91 62 26 35 33 30 31 4 23 6 11
764

(56.1)

Table 3. Distribution of non-infectious eye diseases based on age group and gender
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DISCUSSION

 Southwest Sumba is an impoverished 
district with rudimentary eye care facilities. Most 
residents have low levels of education and tend 
not to seek medical care until their eye complaints 
have degraded to unbearable or severe states. 
The only hospital in the capital of the district 
(Tambolaka) is located several hours from many 
of the populated areas it serves. The combination 
of limited transportation services and relatively 
high costs create difficulties regarding hospital 
accessibility. Patients who manage the journey 
are not likely to return for a follow-up visit due to 
these difficulties, although there are exceptions in 
complex and severe cases.

 The analysis of medical records from 
Karitas Hospital demonstrated that non-
infectious diseases of the eye were the most 
prevalent (i.e., refractive error, degenerative 
diseases, immunology, trauma, metabolic, and 
neurologic). Refractive error diseases included 
myopia, hypermetropia, astigmatism, and 
presbyopia, while degenerative diseases were 
almost always cataract. These are all causes of 
avoidable blindness and can be corrected by 
spectacles or cataract extraction surgery.

 In reality, not all patients who suffer 
from refractive error in Southwest Sumba 
can afford spectacles. Those who suffer from 
cataracts often refuse free surgical services since 
visual impairment with old age is considered 
acceptable and normal, and providers combat 
the misunderstanding whereby the eye will 
be removed during surgery. Another obstacle 
is the unavailability of an ophthalmologist 
within the district; referrals for cataract surgery 
must be transported to other hospitals with 
ophthalmologists at distant islands; that is, 
Denpasar or Kupang. Cataract surgery at Karitas 
Hospital solely occurs when offered by non-
governmental charitable organizations. Another 
study conducted in an underdeveloped village 
in Southwest Sumba similarly showed high 
proportions of non-infectious diseases such as 
presbyopia (30.8%), cataract (12.8%), refractive 
errors (11.3%), and pterygium (10.7%).8

 Dry eye, a consequence of hyper-
osmolarity from tear film and inflammation of 

the ocular surface, comprised 11.4% of cases in 
this study. Dry eye is a multifactorial disease and 
can be etiologically classified into the following 
two categories: aqueous tear deficiency and 
loss of fluid due to evaporation.9 This study did 
not differentiate these etiologies due to limited 
diagnostic facilities and did not record any cases 
of vitamin A deficiency.10

 Southwest Sumba is a relatively arid 
tropical region, and diseases associated with 
sunlight, dust and wind (e.g., pterygium) 
commonly occur in Southwest Sumba (5%).11,12 
Pterygium was mostly found among middle-aged 
patients because this group is very often outdoors 
engaged in agrarian work exposing them to UV 
light, dust, and wind; risk factors for pterygium 
formation. Similar results were also found in 
rural Central India where pterygium was found 
in 8.47% of the study population (798 eyes) and 
was found to be associated with older age, male-
gender, lower education, lower body height, and 
higher cylindrical refractive error.13

 Glaucoma is one of the most prevalent 
causes of blindness in Indonesia. Blindness 
due to glaucoma can be prevented through 
early detection and management. People 
having glaucoma often do not realize until they 
experience visual impairment.14 At the Karitas 
Hospital, diagnosis of glaucoma is made upon eye 
examination and simple supportive examination. 
The degree of optical nerve damage cannot be 
monitored which imposes real limitations in 
evaluating and adjusting its’ clinical management.

 Poor hygiene in Southwest Sumba likely 
explains the high prevalence of infectious disease 
regarding the eyes. People have great difficulty 
accessing clean water, often walking several 
kilometers or more to obtain it. Use of potable 
water is thus limited to drinking and cooking, and 
unclean water is used for bathing and for washing 
the hands and face.15

 Conjunctivitis occurred most often 
among infectious cases (52.7%) with the highest 
proportion being among young adults.16 In reality, 
many toddlers also suffer from conjunctivitis but 
parents rarely seek medical care as it is considered 
normal and self-healing without medications. We 
have no data concerning conjunctivitis due to 
trachoma.
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 Keratitis occurred in 17% of subjects. 
This disease can be caused by viral, bacterial, 
fungal or parasitic infections not specifically 
diagnosed in this study. Poor hygiene like that 
in Southwest Sumba puts residents at risk of 
these infections.17,18 Untreated keratitis may well 
deteriorate to corneal ulcer and endophthalmitis 
and may even end in blindness. Additionally, 
hordeolum, blepharitis, dacryocystitis, and other 
infections occurred as well; poor hygiene drives 
these problems.19

 Despite the established high-risk 
and prevalence of eye diseases in Southwest 
Sumba, the district offers only rudimentary 
eye care services via the tremendous efforts of 
a trained nurse performing exams using basic 
equipment. Addressing this obstacle will require 
the placement or rotation of ophthalmologists, 
including the tools and equipment they require 
to offer their specialized services to this at-risk 
population. Residents need to be better educated 
about eye health and advocate for examinations 
and seek care. Advocacy for the provision of free 
spectacles for children and others, along with 
social acceptability of cataract surgery, would free 
many from the burden of avoidable blindness. 
These conditions not only occur in Southwest 
Sumba, but also in other impoverished and isolated 
rural districts all across thousands of islands 
comprising the 5,500 km Indonesian archipelago. 
Reaching all of those people with adequate health 
care services and social awareness is the primary 
challenge to public health in Indonesia.

 In conclusion, among the 1,363 patients 
coming to Karitas Hospital in Southwest Sumba 
district, ENT, Indonesia with complete recoverable 
medical records, 89.8% (95% CI: 88.2%–91.4%) 
suffered from non-infectious eye diseases, 8.2% 
(95% CI: 6.7%–9.7%) suffered from infectious, and 
2% (95% CI: 1.3%–2.7%) suffered from mixtures 
of both. Cataracts and refractive errors were the 
two most commonly occurring non-infectious 
cases, whereas conjunctivitis and keratitis were the 
most prevalent infectious causes. Due to the high 
amount of patients seeking eye care in Southwest 
Sumba, an ophthalmologist along with proper 
equipment are needed at the Karitas Hospital.
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