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Abstract 

Background: Giardia lamblia, a flagellate protozoon, is a common causative agent of 
parasitic diarrheal diseases of humans. Laboratory diagnosis mainly consists of direct 
microscopic examination of stool specimen for trophozoite and cysts of Giardia. 
However, due to intermittent fecal excretion of parasite, the case may be miss 
diagnosed and the patient may continue excreting the parasite and infecting others. 
Therefore, other methods of diagnosis are needed, which should overcome the above 
drawbacks of microscopy used alone.  

Objectives: The present study was done to evaluate the efficacy of immunoassay by 
RIDASCREEN Giardia and Immunochromatographic tests in comparison to direct 
microscopy in the diagnosis of Giardia lamblia in stool specimens from patients with 
diarrhea and other gastrointestinal symptoms.  

Materials and Methods: At the Children Hospital, Faculty of Medicine, Assiut 
University, Assiut, Egypt, a total of 200 patients were included in this cross-sectional 
study and each fecal specimen was taken from each patient which was divided into two 
parts. One part was used for direct wet mount examination and second part was used 
for the quantitative and qualitative EIA RIDASCREEN Giardia and 
Immunochromatographic immunoassays, respectively.  

Results: Out of 200 stool samples, 60 specimens (30%) were found to be positive for 
Giardia lamblia by immunoassay that was significantly better than the conventional 
direct wet mount microscopy (20% detection). Maximum cases were detected by 
RIDASCREEN Giardia test with a sensitivity of 100% and a specificity of 91.5%.  

Conclusion: RIDASCREEN Giardia test is a rapid and effective method with high 
sensitivity and specificity and detects Giardia antigens in stool specimens even when 
the count of parasite is low, thus reducing the chances of missing even the 
asymptomatic cases.  

Key Words: Direct wet mount microscopy, Giardia lamblia, RIDASCREEN Giardia 
test, Immunochromatographic test, Stool concentration, Diagnosis. 

Citation: Dyab AK, Yones DA, Hassan TM. A comparison of different methods used 
for Diagnosis of Giardia lamblia in Children Fecal Specimens. AUMJ, September 1, 
2016; 3 (3): 1 - 7.  



Dyab et al - A comparison of different methods used for diagnosis of giardia ….. 

Aljouf University Medical Journal (AUMJ), 2016 September 1; 3(3): 1 - 7.  

2016 2016 

Introduction 

Giardiasis is caused by the protozoan 
parasite Giardia lamblia (also known as 
G. intestinalis or G. duodenalis). 
Giardiasis is considered the most common 
protozoal infection in humans; it occurs 
frequently in both developing and 
industrialized countries. Giardia lamblia, 
a flagellate protozoon, is a common 
causative agent of parasitic diarrheal 
diseases of humans. Giardia as an 
intestinal flagellate protozoan exists in 
two stages: An active trophozoite stage 
and the dormant cyst stage, which is the 
infective stage

(1)
. Transmission of the cyst 

and the disease occurs mainly by the feco-
oral route where humans can be infected 
by swallowing the Giardia cyst found in 
contaminated water or food

(2,3)
.  

It is a cosmopolitan parasite with an 
overall prevalence rate of 20-30% in 
developing countries. Higher numbers of 
infections are seen in the late summer 
months. Travelers to regions of Africa, 
Asia, and Latin America where clean 
water supplies are scarce are at increased 
risk of contracting the infection

(2)
. Some 

healthy people do not get sick from 
Giardia lamblia; however, they can still 
pass the infection on to others. Anyone 
may become infected with Giardia. 
However, those at greatest risk are: 
People in child care settings, those who 
are in close contact with someone who 
has the disease, people who swallow 
contaminated drinking water, backpackers 
or campers who drink untreated water 
from lakes or rivers and people who have 
contact with infected animals

(4)
. Children, 

seniors, and people with long-term 
illnesses may be more prone to contract 
the infection as the risk of transmission is 
higher in day care centers and in 
hypogammaglobulinemia patients; which 
makes it an opportunistic infection

(5)
. 

Clinical manifestations are usually 
diarrhea, abdominal cramps, nausea, 
bloating and loss of appetite. In chronic 
and complicated cases, cholecystitis and 
malabsorption may be observed

(6)
. 

Giardia infection may cause failure to 
absorb fat and vitamins, and can lead to 
weight loss. Though, some infections with 
Giardia lamblia have no symptoms

(7)
. 

The most common way of laboratory 
diagnosis of giardiasis is based on 
microscopic detection of the trophozoite 
and cysts in stool samples. The 
visualization of the cysts or trophozoites 
in stool specimens usually is time and 
labor intensive and depends on the skill of 
an experienced professional

(6)
. The 

excretion of Giardia cyst in the stools of 
patients may be intermitted. For that, in 
some cases miss diagnosis occurs and the 
patient may act as a source for infection

(8)
. 

Therefore, other ways of diagnosis should 
be looked for, which can overcome the 
above drawbacks. Given these difficulties 
the development of sensitive, cost-
effective and rapid diagnostic methods is 
of utmost importance. Another method of 
diagnosis that is commonly used as a 
screening tool is antigen detection assay 
of stool samples. This method detects a 
specific protein found in the wall of 
Giardia cysts

(9)
. Molecular techniques 

may be resorted for diagnosis in 
refractory cases

(10)
.  

The present study was done to evaluate 
the efficacy of immunochromatographic 
examination and the enzyme 
immunoassay (EIA) tests for detection of 
G. lamblia soluble copro-antigens in 
comparison to diagnosis using direct 
microscopy in stool specimens from 
patients with diarrhea and other 
gastrointestinal symptoms. 

Materials and Methods 

Sample Collection: 200 stool samples 
were collected during the period from 
January to August 2015. Samples were 
collected from children attending the 
outpatient clinics of Children Hospital, 
Faculty of Medicine, Assiut University, 
Assiut, Egypt, with complaints of diarrhea 
and other gastrointestinal symptoms. An 
oral informed consent was taken from 
custodian of each patient before collection 
of specimen and patients were 
anonymously reported after the study 
approved by the local ethical committee 
of the faculty. Fresh stool samples were 
collected in dry, clean, leak-proof plastic 
disposable cups dated and labeled with 
name, age, and gender of the patient. Each 
sample was divided into 2 parts. First part 
was used to prepare slides for direct wet 
mount examination and slides prepared 
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after concentration methods. Second part 
was immediately stored at -20 °C for 
performing EIA and 
immunochromatographic tests later. 

Sample Examination: Samples were 
transported to parasitology laboratory, 
Department of Medical Parasitology, 
Faculty of Medicine, Assiut University. 
All stool samples were examined by: I) 
Macroscopic examination: It was 
performed to detect blood and mucus. 
Stool consistency (i.e., formed, soft, loose 
or watery) was reported. Steatorrhoea was 
recorded (if present). Adult worms, 
segments of tape worms, larvae were 
reported (if present). II) Microscopic 
examination: It was performed both 
directly and after concentration.  

Direct smear: Saline, iodine and LPCB 
(Lacto-Phenol Cotton Blue) wet mounts 
were done in 3 standard approaches; a) 
Saline wet mounts were prepared by 
mixing a small amount of stool (about 2 
mg) using an applicator sticks with a drop 
of physiological saline on a clean glass 
microscope slide. A cover slip was placed 
over the mixture. The slide was examined 
microscopically at 10x and 40x

(11)
, b) 

Iodine wet mounts were prepared by 
adding a small volume of stool (about 2 
mg) using an applicator sticks to a drop of 
Lugol's iodine (diluted 1:5 with distilled 
water) on a clean glass microscope slide. 
A cover slip was placed over the 
mixture

(11)
, and, c) LPCB wet mounts 

were prepared by mixing a drop of LPCB 
stain with a small volume of stool (about 
2 mg) on a clean glass microscope slide. 
A cover slip was placed over the mixture. 
LPCB consisted of 20 g of phenol 
crystals, 20 mL of lactic acid, 40 mL of 
glycerol, 0.05 g of cotton blue stain, and 
20 mL of distilled water

(12)
.  

Concentration technique (formol-ether 
concentration technique): Using an 
applicator stick, about 1 g of stool sample 
was placed in a clean 15 mL conical 
centrifuge tube containing 7 mL formalin. 
The sample was suspended and mixed 
thoroughly with applicator stick. The 
resulting suspension was filtered through 
a cotton gauze sieve into a beaker and the 
filtrate was poured back into conical 
centrifuge tube. The debris trapped on the 
sieve was discarded. After adding 3 mL of 

diethyl ether to the mixture and hand 
shaken, the content was centrifuged at 
2000 rpm for 3 minutes and the 
supernatant was discarded. Saline, iodine 
and LPCB wet mounts preparation were 
examined from the sediments

(13)
. 

Immunochromatographic detection of G. 
lamblia soluble copro-antigen: This stool 
examination was done using rapid solid 
phase qualitative immunochromatography 
kit employing monoclonal antibodies 
(Epitope Diagnostics, Inc. San Diego, 
CA92126, USA)

(14)
. The Giardia copro-

antigen test employs dye-conjugated 
monoclonal antibody against G. lamblia 
antigen and solid-phase/membrane coated 
specific anti-G. lamblia monoclonal 
antibody. In this test, the specimen was 
first treated with an extraction solution to 
extract G. lamblia antigens from the 
feces. Following extraction, the only step 
required is to screw the G. lamblia test 
strip tube into the sample collection tube. 
As the sample extraction flows upward 
through chamber and reach the test strip, 
the colored particles migrate. In the case 
of a positive result the specific antibody 
present on the membrane will capture the 
colored particles red.  

ELISA RIDASCREEN Giardia test: The 
enzyme immunoassay test was performed 
according to manufacturer’s instructions 
(R-Biopharm AG, Darmstadt, Germany). 
It is based on the detection of soluble 
antigens of Giardia lamblia cysts and 
trophozoites in stool specimen. Here, 
Giardia-specific antibody is coated on the 
surface of the well of microtiter plate. 
Then stool sample is added followed by 
addition of conjugate. If Giardia lamblia 
is present in the specimen, a sandwich 
complex forms which is made up of the 
immobilized antibodies, the Giardia 
lamblia antigens and the conjugated 
antibodies. Unattached enzyme-labeled 
antibodies are removed during the 
washing phase. In a positive test, upon 
addition of the substrate, its color changes 
from colorless to blue. Adding the stop 
reagent stabilizes the color yellow that 
quantitatively correlates with the amount 
of the antigens.   

Results 

Diagnosis of G. lamblia in Stool Samples:  
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Sixty stool samples were positive for G. 
lamblia out of the 200 examined. This 
meant that the overall prevalence of G. 
lamblia was 30%. Macroscopic stool 
examination showed that most of the 
positive samples were bulky, offensive, 
greasy and yellowish in color. 

Comparative evaluation of four 
diagnostic methods for detection of G. 
lamblia in human stool samples:  
Four methods were used to detect Giardia 
in the present study; direct microscopic 
examination, concentration technique, 
detection of G. lamblia antigen by using 
rapid solid phase qualitative 
immunochromatography and quantitative 
EIA RIDASCREEN Giardia test. 
Comparing the four  methods and 
techniques (Table 1), amongst the positive 
cases of Giardia lamblia, maximum were 
detected by RIDASCREEN Giardia test 
(30%) followed by 
immunochromatography test (28.5%), 
microscopic slide prepared after formalin-
ether concentration technique (25%) and 
direct wet mount examination (20%). 
RIDASCREEN Giardia test gave the best 
results and highest number of positive 
samples (n = 60), followed by the copro-
antigen detection technique using 
immunochromatography (n = 57; Figure 
1), microscopic slide prepared after 
formalin-ether concentration technique (n 
= 50) and lastly the direct examination (n 
= 40).  

 
Figure 1: Immuno-positive Giardia antigen 
immunochromatographic detection test (A) 
compared to negative one (B). The blue line is 
a control and the red line is a positive 
diagnostic result. 

Table 1: Comparison between the three used 
diagnostic methods for detection of Giardia 
infection. Data shown are frequencies; n (%). 
Total n = 207. 

Method 
Positive 

Detection, n (%) 

Direct microscopy 40 (20%) 

Concentration technique 50 (25%) 

Immunochromatography 57 (28.5%) 

ELISA RIDASCREEN 
for Giardia test 

60 (30%) 

The differences in positivity rates were 
found to be statistically significant 
(P<0.05). Statistically, the sensitivity and 
specificity of the methods were 
significant. Finally, RIDASCREEN 
Giardia test is a rapid and effective 
method with high sensitivity and 
specificity and detects Giardia antigens in 
stool specimens even when the count of 
parasite is low. This reduces the chances 
of missing even the asymptomatic cases. 
Data were collected, tabulated and 
statistically analyzed using SPSS 20.0 
software.  

Examples of Giardia cyst and trophozoite 
detected in stool samples are shown in 
Figure 2. 

Discussion  

Giardia lamblia is one of the most 
common intestinal protozoa in the 
world

(15)
. This study was designed to 

evaluate the prevalence of human 
giardiasis in children attending the 
outpatient clinics of Children Hospital of 
faculty of Medicine, Assiut University, 
and comparing efficacy of diagnostic 
methods for detection of G. lamblia in 
children stool samples. 200 stool samples 
were collected during the period from 
January to August 2015 from children 
with complaints of diarrhea and other 
gastrointestinal symptoms. All samples 
were examined by Direct smear (Saline 
wet mounts, iodine wet mounts and LPCB 
wet mounts), concentration technique 
(formol-ether concentration technique), 
qualitative immunochromatographic assay 
and quantitative EIA RIDASCREEN 
Giardia test. 

The present study showed that the 
infection rate of giardiasis in the 
examined children was 30% which was 
higher than a previously reported much 
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lower prevalence (9.3%)
(16)

. Also it did 
not agree with a 11.4% prevalence 
reported in Libya

(17)
. However, the rate of 

Giardia lamblia in the present study 
(30%) was lower than the reported 62.2%, 
44.59% and 38% prevalences recorded in 
Egypt, Kirkuk and eastern Ethiopia (Dire 
Dawa), respectively

(18-20)
. High 

prevalence of giardiasis reflects lower 
educational level to health hygiene among 
children, poor experience in toilet use, 
overcrowded families, water 
contamination with Giardia parasite, and 
more frequent asymptomatic carriers. The 
fluctuation in the prevalence between 
studies could be due to difference in 
investigative approaches, season of 

sample collection, local availability of 
clean water, and socioeconomic status for 
subjected persons at the time of study

(21)
. 

Although the cheap laborious 
conventional microscopy (with or without 
concentration techniques) is still being 
recommended to diagnose infections 
caused by G. lamblia, its sensitivity is 
found to be low (50-70%) even after 
multiple examinations

(22)
. Moreover, it is 

time consuming and sensitivity can be 
lower in chronic giardiasis

(23,24)
. Antigen 

detection assays for G. lamblia had 
proven to be very useful with the 
advantages of reduced labor and time 
required in its diagnosis

(25)
. 

 
Figure 2: Example cysts and trophozoites of G. lamblia detected in stool samples. A & B: Cysts 
and trophozoites detected by saline wet mount (x100). C & D: Cyst and trophozoite detected by 
iodine (x100).  E & F: Cyst and trophozoite detected by Lacto-Phenol Cotton Blue (x40).   

In the present study, microscopic 
examination revealed that 40 children 
(20%) were infected with G. lamblia. As 
using concentration method can increase 
the sensitivity of cyst detection by 10-
12%

(26)
, in the present study 50 children 

(25%) were detected infected with G. 

lamblia using this method. However, 
higher number of cases was diagnosed 
using Giardia soluble copro-antigen 
Immunochromatography detection test. 
The superior efficacy of Giardia copro-
antigen test was proven in several 
previous works

(27,8)
. 
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ELISA testing for diagnosis of Giardiasis 
increases detection of positive cases and 
detect the parasite at low-level of 
infestation or even when absence in the 
microscopic fecal examination

(25)
. 

RIDASCREEN Giardia test is a recent 
FDA approved EIA which detects 
Giardia lamblia soluble antigen in stool 
samples. In our study, out of 200 patients, 
60 were diagnosed positive for Giardia 
lamblia by RIDASCREEN Giardia test 
which was far better than the direct wet 
mount microscopy which detected only 
40 positive cases of giardiasis. The 
sensitivity and specificity of EIA test in 
comparison with direct wet mount 
microscopy was found to be 100% and 
91.5%, respectively. Also, the giardiasis 
detection Immunochromatographic test is 
a potentially useful test because of its 
simplicity and specificity. It can be done 
by non-laboratory staff or by less-
experienced personnel in poorly-equipped 
laboratory. The test is rapid and can be 
performed in 10 min time. However, 
sensitivity was low with some brands

(28-

30)
. 

Conclusion 

RIDASCREEN Giardia ELISA test is a 
rapid and effective method with high 
sensitivity and specificity and detects 
Giardia soluble antigens in stool 
specimens even when the count of 
parasite is low. This reduces the chances 
of missing even the asymptomatic cases. 
Therefore, the test can be incorporated 
into routine diagnosis and screening. The 
Immunochromatographic test is a 
potentially useful specific and rapid test 
and can be done by non-laboratory staff 
though with lower sensitivity.  

Limitations of the Study 

• Fund limitation prevented more 
sample testing.  

• Fund limitation also prevented us 
from conducting molecular 
comparative studies using specific 
PCR test. 
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Abstract: 

Background: Breast cancer is the most widely recognized type of cancer among 
females. Early diagnosis is one of the most essential elements influencing the disease 
prognosis. Several approaches have been developed for early breast cancer detection. 
MRI is a potential screening tool for breast cancer particularly utilizing magnetic 
resonance spectroscopy (MRS) and diffusion weighted imaging that reveals the 
pathological nature of the lesions. Surgical management of breast masses continues to 
be an important part of management of suspicious breast masses either in diagnosis or 
treatment. Objective: The aim of this work was to assess the role of diffusion-weighted 
imaging (DWI) and proton MRS and surgery in evaluation of breast masses and lymph 
node metastasis comparing the results with the histopathological findings. Patients and 
Methods: During the period between January 2012 and February 2014, 50 patients 
with suspicious breast mass were evaluated by full history, clinical examination, 
sonomammography (craniocaudal and mediolateral oblique) and MRI (spectroscopy 
and diffusion weighted imaging). Biopsy from the breast lesion; FNAC, core biopsy, 
frozen section or excisional biopsy were examined histopathologically. Definite 
surgery was done as either modified radical mastectomy or conservative breast surgery 
if the result of the biopsy was positive for malignancy. MRS and DWI images were 
analyzed and compared with the histopathological results. Results: The mean age at 
diagnosis of breast cancer was 46.2 years which is >10 younger than western women 
age at diagnosis. The frequency of diagnosis of breast cancer runs parallel with higher 
category of BI-RAD. MRS for choline peak detection in relation to the results of the 
histopathology shows sensitivity of 90%, specificity of 78.6%, accuracy of 85%, PPV 
of 85.7%, and NPV 84.6%. MRI/DWI showed that 90.9% of benign lesions had 
facilitated diffusion while 87.2% of malignant lesions had restricted diffusion. 
MRI/DWI showed a sensitivity of 90%, a specificity of 92.8%, an accuracy of 91.1%, a 
PPV of 94.7% and a NPV of 86.6%. Lymph node metastasis was found in 46.1%. In 
the postoperative period the commonest complication found was wound seroma in 
30.7% and it was usually managed conservatively. Conclusion: MRI is a useful 
diagnostic modality for characterization and differentiation between benign and 
malignant breast lumps. Using MRS and DW-MRI with apparent diffusion coefficient 
(ADC) values measurement increased their accuracy and sensitivity.  

Key words: Breast cancer, Breast mass, Mammography, MRI spectroscopy, Diffusion-
weighted imaging, Mastectomy. 
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Introduction 

All over the globe breast cancer incidence 
is increasing, with a slower increase since 
2000. The frequency of female breast 
cancer is lower in developing countries, 
however it is expanding quickly when 
compared with developed countries 
where rates have been steady to declining 
since the early 2000s. For women, 
cancers with the highest incidence were 
breast cancer (1.8 million). The top 3 
causes of cancer death for women were 
TBL cancer (Tracheal, Bronchus, and 
Lung Cancer) (485000), breast cancer 
(464000), and colon and rectum cancer 
(357000). The proportion of cancer 
deaths as part of all deaths has increased 
from 12% in 1990 to 15% in 2013

(1)
. 

Increased awareness about breast cancer 
in the risky population leads to more 
frequent physical examination, breast 
imaging and biopsy procedures. This 
results in earlier detection and diagnosis 
of breast cancer and subsequently 
improved prognosis. The majority of 
breast lesions were found to be benign. It 
is imperative to identify benign lesions 
and recognize them from malignant 
lesions

(2)
. Breast self and clinical breast 

exams, ultrasound and mammography 
can be used as diagnostic or screening 
tools. Mammography is currently, the 
best imaging technique for both clinical 
and screening purposes, but it is not free 
from complications. The harms may 
include unnecessary imaging, radiation 
exposure and biopsies in women without 
cancer

(3)
. The interpretation of 

mammographic images is classified 
according to the BI-RADS system 
(Breast Imaging Reporting and Data 
System) developed by the American 
College of Radiology. The BI-RADS 
scores are designed to correlate with the 
probability that a breast malignancy is 
present in a given patient

(4)
. 

Breast MRI may be used to distinguish 
between benign and malignant areas, 
reducing the number of breast biopsies 
done to evaluate a suspicious breast 

mass
(2)

. Magnetic Resonance 
Spectroscopy (MRS) is an MR technique 
that provides information on the relative 
concentration of biochemical components 
within tissue, non-invasively. Reliable 
biomarkers for breast cancer such as 
choline, phosphocholine, taurine and 
glycerophosphocholine can be 
quantitatively detected with MRS

(5)
. Use 

of diffusion-weighted imaging (DWI) is 
another approach that may improve MR 
imaging and lesion characterization. DWI 
is an MR sequence sensitive to changes 
in micro-diffusion movement of water 
molecules in intracellular and 
extracellular space. It basically provides 
functional information based on 
microscopic movement of water 
molecules within tissues. Restricted 
diffusion within the tumor appears as 
high signal on DWI, and as low signal on 
apparent diffusion coefficient (ADC) 
maps, and it represents high cellular 
density. ADC is calculated by a computer 
program. Studies showed that DWI is not 
only effective in discrimination of 
benign-malignant breast lesions but also 
indicates tumor aggressiveness

(6)
. Surgery 

for breast cancer must be determined for 
each woman on an individual basis. The 
patient's desires should always be 
considered when choosing treatment 
option. For most patients, mastectomy 
will not impact the likelihood of survival 
but may affect the quality of life. Women 
whose breasts are preserved have a fewer 
episodes of depression, anxiety and 
insomnia

(7)
. Treatment of the axilla in 

breast cancer is a subject of debate. More 
than 50% of patients with a metastatic 
SLN (sentinel lymph node) appear to 
have no further LN involvement. Based 
on these findings and possible 
complications of axillary lymph node 
dissection efforts are done to help the 
SLN examination to know the status of 
the axillary nodes whether it have 
metastatic deposits or not

(8)
. MR imaging 

can help to differentiate metastatic from 
benign axillary lymph nodes

(9)
. 



El-Hady et al - Magnetic resonance spectroscopy, diffusion weighted imaging ….. 

Aljouf University Medical Journal (AUMJ), 2016 September 1; 3(3): 9 - 21.  

2016 2016 

This study aimed to assess the role of 
diffusion-weighted imaging (DWI) and 
proton MRS and surgery in evaluation of 
suspicious breast masses and whether the 
axillary lymph nodes were involved by 
metastatic deposits or not comparing the 
results with the final histopathological 
findings. It is hoped that results would 
reduce future invasive procedures 
required for characterization of breast 
masses before surgery. 

Patients and Methods 

This study was carried out on 50 patients 
presented to the surgical and gynecology 
outpatient clinic at Al-Zahraa University 
Hospital and Al-Mansoura University 
Hospital with suspicious breast lump 
discovered either by clinical examination, 
mammography and/or breast ultrasound. 
This study was performed during the 
period from January 1, 2012 to January 1, 
2014. Informed written consents were 
obtained from all participants enrolled 
voluntarily in the study after full 
explanation of the benefits and risks of 
the procedure particularly for anonymous 
reporting of the results. The study was 
approved the local ethical committees of 
the two hospitals.  

Patients who had general 
contraindications for MRI examination, 
contrast-medium injections, refused MR 
examination, had noisy or non-diagnostic 
DWI examinations due to motion 
artifacts and who refused to undergo a 
biopsy were excluded from the study. All 
patients were subjected to full history 
taking including: personal history (patient 
age, occupation, marital status and 
menstrual history). Past history (past 
history of mass, previous breast surgery), 
history of any condition which might 
interfere with the MRI examination (e.g., 
cardiac pacemaker) were also recorded. 
All patients were assessed by clinical 
examination involving general 
examination and local examination of 
both breasts, and ipsilateral and 

contralateral axillary and supraclavicular 
lymph nodes. 

Ultrasound and mammographic 
examination (craniocaudal and 
mediolateral oblique views) were done to 
assess and classify the mammographic 
appearance on mammography according 
to Breast Imaging-Reporting and Data 
System (BI-RADS). The classification is 
proposed by American College of 
Radiology is a widely accepted risk 
assessment tool in mammography. BI-
RADS categories 4, 5 and 6 were 
included in this study. MRI was done 
using Philips Achieva 1.5T scanner with 
a dedicated breast coil. Patients were 
placed on top of specialized phased array 
breast coil in the prone position to allow 
both breasts to hang inside the loop of 
coil.  

Starting with a three plane localizer, axial 
T1WI, T2WI and fat saturated T2WI or 
T1WI were obtained with thickness of 3 
mm and 1 mm gap. The images were 
reviewed and evaluated for number, site, 
shape, margins (smooth, speculated, 
irregular), signal intensity in T1WI and 
T2WI, presence of signal internal 
septations, skin and nipple abnormalities, 
pectoralis major invasion and presence of 
enlarged axillary lymph nodes. In proton 
MRS homogeneity in the area of the field 
was confirmed by shimming. Also 
checking the effectiveness of fat and 
water suppression was done. PRESS 
sequence was performed (TR/TE 
1,500/136 ms; bandwidth 1 KHz; 512 
excitations); single voxel was placed 
upon the suspicious area. In the voxel, we 
wanted to study three successive selective 
pulses positioned in the three orthogonal 
intersecting planes. The acquisition 
period was nearly 10 minutes. The 
acquired data were processed including 
different signal filters, frequency 
correction, phase correction, baseline 
correction and curve fitting to optimize 
the spectral profile. Choline peaks at 3.2 
ppm. According to the presence or 
absence of choline peak in the spectrum, 
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MRS was analyzed, and the peak - if 
present – was described as tall or broad. 
Tall peak was interpreted as malignant 
and broad peak and no-peak were 
interpreted as benign. 

DWI was performed using Philips 
Achieva 1.5T scanner, reduction factor, 
2; 7,000/71.5; number of excitations, 2; 
matrix, 240 × 240; field of view, 34 cm; 
slice thickness, 3 mm, gap, 0; b factor 
frown emoticon 0 and 1000 s/mm

2
), and 

the scanning time was 4 minutes. 
Respiratory triggering was used for better 
resolution. DWI is a noninvasive 
technique that measures the random 
motion of free water protons. The motion 
of water protons in the tissue is affected 
by fluid viscosity, membrane 
permeability, blood flow, and cellularity 
of the tissue. For the quantification of this 
motion, ADC values are used. The ADC 
value measures the diffusion quantitative 
measurement that is calculated on the 
basis of the attenuation in signal intensity 
between at least two diffusion-weighted 
images according to the following 
equation: ADC Value = -In 
(SDW/SSE)/b, where SDW is the 
attenuated spin-echo signal and is the full 
spin-echo signal without diffusion 
attenuation and b value (expressed in 
s/mm

2
) and represents the strength of 

diffusion weighting.   

The apparent diffusion coefficient (ADC) 
values were automatically calculated by 
placing the ROI precisely within the 
confines of the lesion. We used fatty 
glandular parenchyma which shows 
homogeneous signal intensity on the 
ADC map as a reference. The provided 
scanner software calculates the mean 
value within the ROI, which equals the 
ADC value (multiplied by 10

−3
). 

Diffusion weighted images and ADC 
maps were then examined regarding 
signal intensity and the mean value for 
ADC of each breast lesion. For 
quantitative analysis of the data acquired 
from DWI, ADC maps were 
automatically created using software 

provided by the MRI system 
manufacturer. DWI is used to detect 
enlarged axillary lymph nodes and to 
look for finding associated with 
malignancy using threshold ADC value 
of (1.3 x 10

-3
 mm

2
/s) to distinguish 

metastatic from benign axillary lymph 
nodes  

Pathological assessment of breast mass 
was done using fine needle aspiration 
cytology (FNAC), core biopsy, frozen 
section or resected surgically. On 
individual basis if the biopsy results show 
malignancy, definite surgery either as 
modified radical mastectomy (MRM) or 
conservative breast surgery was done. All 
cases undergone axillary lymph node 
dissection. The surgical specimen 
including the breast mass and the axillary 
nodes was examined histopathologically 
for presence of tumor cells. The results of 
the histopathology were considered the 
gold standard. Surgical (MRM or 
conservative breast surgery), neoadjuvant 
and adjuvant therapy were tailored per 
each patient condition using NCCN 
Guidelines Version 1.2013. Postoperative 
follow up to detect postoperative 
complications was done. Also 
radiotherapy and chemotherapy were 
additional treatment measures for the 
malignant lesions. 

Data entry and analysis were done using 
the program Statistical Package for the 
Social Sciences (SPSS). Specificity, 
sensitivity, positive predictive value 
(PPV) and negative predictive value 
(NPV) were calculated by the following 
equations. Specificity = true 
negatives/(true negative + false 
positives). Sensitivity = true 
positives/(true positive + false negative). 
PPV = true positive/(true positive + false 
positive). NPV = true negatives/(true 
negatives +false negatives).  

Results 

This study included 50 female patients, 
their ages ranged from 20 - 70 years 
(46.20 ± 10.95). 43 females (86%) were 
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multiparous and 7 were nulliparous 
(14%). 28 females were premenopausal 
(65%) and 22 were postmenopausal 
(45%). 

Most of our patients presented 
complaining of breast mass except in 4 
cases where breast mass was associated 
with bleeding per nipple in 3 of them (6% 
of the total) or mastalgia in one of them 
(2% of the total). On clinical evaluation 
of the breast mass, the mean size was 
3.59 cm, ranging from 1 to 6 cm. The 
breast mass affected the right breast in 17 
cases (34%), left side in 33 cases (66%). 
The mass was located in UOQ in 22 cases 
(44%), LOQ in 9 cases (18%), LIQ in 8 
cases (16%), retro-areolar in 3 cases (6%) 
and multiple in 2 cases (4%).    

The clinical assessment of the axilla 
revealed that the axillary lymph nodes 
were palpable in 29 cases (58%) and not 
palpable in 21 cases (42%). On 
mammographic assessment of the breast 
lesion microcalcification (Figure 2A) was 
seen in 22.1% of cases. According to the 
BI-RADS, the cases were distributed as 
BI-RADS 4 in 37 cases (BI-RADS 4a in 
19 cases, BI-RADS 4b in 12 cases, BI-
RADS 4c in 6 cases), BI-RAD 5 in 11 
cases and BI-RADS 6 in 2 cases. The 
frequency of malignant outcomes was 
increased in parallel with the categories 
of BI-RADS. The malignancy rates 
according to BI-RADS category were 
63.1% (12/19) for category 4a, 75% 
(9/12) for category 4b, 83.3% (5/6) for 
category 4c, and 100% (11/11) for 
category 5 and 100% (2/2) for category 6.  

Non-contrast MRI of the breast showed 
that most of the benign lesions were 
rounded (45.5%), whereas 56.4% of 
malignant lesions were irregular in shape. 
The borders of the mass of 81.8% of 
benign lesions had well defined borders 
and 18.2% of them had ill-defined 
borders. On the other hand, malignant 
lesions borders were well-defined in 
7.7% of lesions, speculated (Figure 1B, 
Figure 2B and D, and, Figure 3B and C) 

in 53.8% of lesions and ill-defined in 
38.5% of lesions. 

All of the 50 lesions were iso- to hypo-
intense in T1WI (Figure 1A and B, 
Figure 2B and C, and, Figure 3A and B) 
while in T2WI, 66.7% of the benign 
lesions were iso- to hypo-intense and 
33.3% were hyperintense. 84.6% of 
malignant lesions were iso- to 
hypointense and 15.4% were 
hyperintense in T2WI. Low T2 internal 
septations were detected in 2 (22.2%) of 
benign lesions and one (2.6%) of 
malignant lesions. 

On MRS examination of the breast 
lesions, 24% with no choline peak, 14% 
had broad peak, while 62% had tall peak. 
Regarding the benign lesions, 81.9% 
showed no or broad choline peak, 
whereas, tall choline peak was detected in 
18.1% (Figure 1D) of lesions. On the 
other hand, 89.7% of malignant lesions 
(Figure 2E) showed tall choline peak and 
10.3% had no or board choline peak 
(Figure 3D and Table 1).     

Table 1. Choline peak of Magnetic Resonance 
Spectroscopy in the study group of breast 
mass patients. Data shown are frequencies; n 
(%). 

Malignant Benign  Pathology 

35 (89.7) 2 (18.1) Present (tall peak) 

4 (10.3) 9 (81.9) Absent (broad or no 
peak) 

 Statistical analysis of the MRS results in 
correlation to the biopsy results showed 
that the sensitivity of MRS was 90%, its 
specificity was 78.6%, accuracy was 
85%, PPV was 85.7% and NPV was 
84.6% as (Table 2). 

The assessed breast lesions using DWI 
were classified as restricted or facilitated. 
90.9% of benign lesions showed 
facilitated diffusion and 9.1% of them 
showed restricted diffusion (Figure 1F 
and E), while 87.2% of malignant lesions 
showed restricted diffusion (Figure 2F 
and Figure 3F) and 12.8% of them 
showed facilitated diffusion.  
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Table 2. Statistical test performance 
evaluation of Magnetic Resonance 
Spectroscopy in correlation as compared 
histopathology as a standard 100% in 
diagnosing breast masses in the study female 
group. Sen = sensitivity, Spec = specificity, 
PPV = positive predictive value, NPV = 
negative predictive value and ACC = 
Accuracy.  

Acc NPV PPV Spec Sen 

85% 84.6% 85.7% 78.6% 90% 

Regarding the ADC values of benign 
lesions, the minimum ADC value was 0.9 
(Figure 1G), maximum ADC value was 
2.12 and their mean was 1.54. While the 
minimum ADC value of the malignant 
lesions was 0.56, their maximum value 
was 1.4 and their mean was 0.86 (Figure 
2G, Figure 3G and Table 3).  

Table 3. The mean and range of the ADC 
values (x 10-3 mm2/s) in benign and malignant 
breast mass lesions studied. 

Mean Range  Pathology 

1.54 0.9 – 2.12 Benign 

0.86 0.56 – 1.4 Malignant 

Statistical analysis of the DWI results in 
correlation to the final histopathological 
biopsy results showed that the sensitivity 
of diffusion was 90%, its specificity was 
92.8%, accuracy was 91.1%, PPV was 
94.7% and NPV was 86.6% (Table 4). 
MRI for axillary lymph nodes was found 
to show positive finding for lymph node 
involvement in 32 cases; of those 24 
cases (75%) were found positive after 
histopathological examination, while 8 
cases (25%) were found to be negative. 
On the other hand, as for MRI of the 
axillary lymph nodes, there were negative 
findings in 18 cases of these cases; 15 
cases (83.3%) cases proved to be negative 
and 3 cases (16.7%) were positive after 
histopathological examination. These 
results revealed a sensitivity of 88.89%, 
specificity of 65.22%, PPV of 75.0%, and 
NPV of 83.33%. 

After imaging, the histopathological 
results in relation to the biopsy procedure 

type included: 1) FNAC in 24 cases 
(48%) among which 18 cases were 
positive for malignancy, 2) Core needle 
biopsy was done for 20 cases among 
which 16 cases were positive for 
malignancy, and 3) Frozen section was 
done for 6 cases among which 5 cases 
were positive for malignancy. The 
histopathologically malignant 39 cases 
(78%) included 34 cases (87.2%) with 
IDC, ILC in 3 cases (7.7%), and 2 cases 
were medullary (5.1%)]. 11 cases were 
benign. 

Table 4. Statistical test performance 
evaluation of Diffusion and ADC in 
correlation to histopathology for the studied 
breast masses. 

Acc NPV PPV Spec Sen 

91.1% 86.6% 94.7% 92.8% 90% 

According to American Joint Committee 
on Cancer (AJCC), 7

th
 Edition, 2010, 

staging of malignant cases was; stage I: 6 
cases, stage II: 29 cases, and stage III: 4 
cases. Modified radical mastectomy was 
done in 26 cases (66.7%), wide local 
excision in 13 cases (33.3%). Axillary 
lymph node dissection (ALND) was done 
for all cases; in 16 cases (46.1%), 
positive nodal deposits were confirmed. 
In the postoperative period following 
MRM or CBS, 12 patients (30.7%) 
developed wounds seroma and it was 
treated conservatively in 9 cases and by 
repeated aspiration in 3 cases. Only one 
case was complicated by wound infection 
and treated by antibiotics and dressing. 
No cases were complicated by nerve 
injury or arm lymphedema. 
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Figure 1: Radiological Diagnosis: Left breast malignant lesions. Histopathology showed 
intraductal papilloma. 



El-Hady et al - Magnetic resonance spectroscopy, diffusion weighted imaging ….. 

Aljouf University Medical Journal (AUMJ), 2016 September 1; 3(3): 9 - 21.  

2016 2016 

  

 

 

 

 

 

 
Figure 2: Radiological Diagnosis: Malignant mass. Histopathology showed invasive lobular 
carcinoma. 
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Figure 3: Radiological Diagnosis: Malignant mass. Histopathology showed invasive ductal 
carcinoma.  

Discussion 

Breast cancer is the most frequently 
diagnosed cancer and the leading cause of 
cancer death among females worldwide, 
with an estimated 1.7 million cases. 
Breast cancer alone accounts for 25% of 
all cancer cases and 15% of all cancer 
deaths among females. Developed 
countries account for about one-half of all 
breast cancer cases and 38% of its 
deaths

(10)
. Clinicians and researchers 

continue to have a major concern about 
early detection, diagnosis and treatment of 
breast cancer. Increased awareness in the 
affected population leads to more frequent 
physical examinations and diagnostic 
procedures

(11)
. Breast cancer is strongly 

linked to the women’s age. The frequency 

increments steeply correlated with age 
with the marked increase in rate found in 
post-menopausal women. In USA, breast 
cancer in young women is relatively rare. 
However, breast cancer in adult women 
less than 60 years of age in high-income 
countries is the leading cause of cancer 
death

(12)
. 

In this study, the median age at diagnosis 
was 46 years which is younger than the 
median age at diagnosis in Western 
countries. Also, most of the patients 
included in this study were 
premenopausal (65%) and multiparous 
(86%). These results are consistent with 
the results of Laraqui et al. (2015)

(13)
 

showing a median age at diagnosis in the 
Middle East region as 52 years, compared 
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to 63 years for Western countries. The 
same results were shown by Boder et al. 
(2011)

(14)
 and Missaoui et al. (2011 and 

2012)
(15-16)

. Breast cancer usually affects 
pre-menopausal women and characterized 
by unfavorable characteristics such as 
high histological grade and stage, large 
tumor size and frequent lymph node 
metastases

(14)
. Moreover, comparing age 

at diagnosis of breast cancer in Gharbiah 
Cancer Registry (GCR), Egypt, to USA 
Surveillance, Epidemiology, and End 
Results (SEER) Program, showed 
significant differences in age, tumor 
grade, hormone receptor status, histology, 
and stage among cases included in GCR 
and those of SEER registry

(12)
. The 

average age in the Egyptian GCR cases 
were over 10 years younger than USA 
SEER cases, with nearly 19% of GCR 
cases ≤40 years of age as compared to 
only 6% of USA SEER cases.  

In our study, the mean breast mass size 
was 3.59 cm, ranging from 1 to 6 cm. The 
breast mass affected the right breast in 17 
cases (34%), left side in 33 cases (66%). 
The mass was located in UOQ in 22 cases 
(44%), LOQ in 9 cases (18%), LIQ in 8 
cases (16%), retro-areolar in 3 cases (6 %) 
and multiple in 2 cases (4%). Lim et al. 
(2016) reported similar location within 
the breast where the central group 
constituted 14.0 %, the UOQ was 57.0 %, 
the UIQ was 15.1%, the LOQ was 9.9% 
and the LIQ was 4.0% of their cases

(17)
. 

Tumor location within the breast was 
reported to affect the survival outcomes in 
patients with LIQ tumor location. Other 
researchers reported that patients with 
LIQ tumor location had a significantly 
increased breast cancer-specific 
mortality

(18,19)
. Theoretically, these results 

were caused by the anatomical 
accessibility of the tumor to the internal 
mammary lymph node than in tumors 
with other locations

(20)
.  

On the other hand, the histopathologic 
diagnosis of malignant lesions in this 
study included IDC (87.2 %), ILC 3 
(7.7%) and medullary carcinoma (5.1%). 
Our results coincide with those of Pereira 
et al. (2009)

(21)
 as invasive ductal 

carcinoma was the commonest 
histopathologic type comprising about 
73%. In this study the shape of benign 

lesions were regular (in 91% of benign 
cases) with well-defined borders in 81.8% 
of them. The malignant lesions were 
irregular in shape in 56.4% of cases and 
their borders were speculated or irregular 
in 53.8% and 38.5% of cases, 
respectively. The margins of breast mass 
were speculated in 100% and the shape 
was irregular in 97% in a study done by 
Tozaki et al (2006)

(22)
 which  proved that 

the shape and margin of malignant lesion 
is usually one of the highest positive 
predictive factors associated with 
malignancy. The results were similar to 
Vassiou et al. (2009)

(23)
. The incidence of 

malignancy increases with higher BI-
RAD grade as confirmed by other 
investigators

(24,25)
. 

Iso- to hypointense signal at T1WI were 
reported in all breast lesions, while in 
T2WI 66.7% of benign lesions were iso- 
to hypo-intense and 33.3% of them were 
hyperintense. 84.6% of malignant lesions 
were iso- to hypo-intense and 15.4% of 
them were hyperintense in T2WI cases. 
Low T2 internal septations were detected 
in 2 (22.2%) benign lesions and none of 
the malignant lesions. This is in 
agreement with Liberman et al. (2002)

(26)
 

who stated that T2 signal intensity was 
not a significant predictor of malignancy 
and all masses in their study with internal 
septa were fibroadenomas. However, Al-
Khawari et al. (2009)

(27)
 stated that 

internal septations, a description usually 
associated with fibroadenomas, is a sign 
that is no longer exclusive to benign 
lesions. In their study which included 55 
lesions, internal septa were found in a 
lesion of well-differentiated invasive 
ductal carcinoma.  

In our study, 81.9% of benign lesions 
showed no or broad choline peak whereas 
tall choline peak was detected in 18.1% of 
lesions. On the other hand, 89.7% of 
malignant lesions showed tall choline 
peak and 10.3% had no or board choline 
peak. Sensitivity of MRS was 90.8%, its 
specificity was 78.6%, accuracy was 85%, 
PPV was 85.7% and NPV was 84.6%. 
Our results were in agreement with Katz-
Brull et al. (2002)

(28)
, who reported that 

the overall combined sensitivity and 
specificity of MRS were 83% and 85%, 
respectively. Also, Razek et al. (2012)

(29)
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reported that the sensitivity and 
specificity were 93.6% (88/94) and 77.9% 
(152/195), respectively. Moreover, Jacobs 
et al. (2004)

(30)
 showed that the sensitivity 

and specificity were 87% and 85%, 
respectively. However, Bartella et al. 
(2006)

(31)
 reported sensitivity of 70 - 

100%, specificity of 88%. The sensitivity 
is size-dependent and increases from 72% 
to 90 - 100% with increase in the size of 
the examined lesions. This feature was 
supported by Katz-Brull et al. (2002)

(28)
 

and Tozaki and Fukuma (2009)
(32)

 who 
included small lesions in their diagnostic 
study. They reported a diagnostic 
sensitivity of 82% in lesions larger than 
15 mm in maximum length, but only 42% 
when considering all lesions.  
In our study, facilitated diffusion was 
found in 90.9% of benign lesions, while 
9.1% of them showed restricted diffusion. 
For malignant lesions, restricted diffusion 
was noticed in 87.2% and facilitated 
diffusion was noticed in 12.8%. 
Sensitivity of diffusion was 90%, its 
specificity was 92.8%, accuracy was 
91.1%, PPV was 94.7% and NPV was 
86.6%. Our study agrees with that of 
Pereira et al. (2009)

(21)
 who reported 

sensitivity and specificity as high as 92% 
and 96%, respectively. Also, Palle and 
Reddy (2009)

(33)
 reported values for the 

detection of malignant lesions that 
showed a sensitivity of 97.22% and a 
specificity of 100%. However, Tavassoéli 
and Devliee (2003)

(34)
 report yielded a 

specificity of 67% (43/64 cases) and 
sensitivity of 97% (61/63 case). In this 
study, DWI could detect axillary lymph 
node metastasis with a sensitivity of 88%. 
On the other hand it was 94.7% by 
Fornasa et al. (2012)

(35)
, 95% in study 

done by He et al. (2012)
(36)

 and the 
median sensitivity was 84.2% in a 
systematic review study

(37)
. This study 

shows 46.1% positive axillary nodal 
deposits after ALND which is slightly 
higher if compared with studies done by 
Dees et al. (1997)

(38)
 and Chua et al. 

(2001)
(39)

 which was 33% and 41, 
respectively. The commonest 
complication after breast cancer surgery 
was wound seroma. The exact etiology of 
seroma formation remains controversial. 
In this study, 30.7% patients developed 

wound seroma which is similar to 
previous report

(40)
. 

Conclusion 

Most of our patients developed breast 
cancer at younger age confirming the 
reported local trend. This fact must be 
kept in mind during screening, diagnosis 
and treatment. MRI could be used for 
characterization and differentiation 
between benign and malignant breast 
lumps. Addition of DWI and MRS can 
differentiate between benign and 
malignant breast lesions with high 
sensitivity and specificity. DWI and MRS 
are problem solving in some cases 
because it may be very useful avoiding 
unnecessary interventions as biopsy. On 
the other hand, it is expensive and time 
consuming. However, more studies with 
larger populations are needed for more 
evaluation of DWI in characterizing 
breast lesions. 

Limitations of the Study 

 Mammography in dense breasts may 
show false-negative results.  

 MRI is costly and time-consuming 
compared to mammography.  

 During MRI, patients must tolerate 
claustrophobia. 

 There are certain limitations of FNAC 
which require final histopathological 
diagnosis. 
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Abstract 

Background: The frequency and causes of anemia are largely unknown particularly 
amongst females in the northern Al-Jouf Saudi region.  

Objectives: Prevalence of iron deficiency anemia (IDA) in voluntarily participating 
healthy female university students at the College of Applied Medical Sciences of 
Aljouf University, Sakaka, Saudi Arabia was assessed in a prospectively planned cross-
sectional study.  

Participants and Methods: 198 students were enrolled in the study carried out in the 
period between October and December 2015. Serum and whole peripheral venous 
blood samples on EDTA were collected for assessment of full blood count (FBC) and 
serum ferritin level.  

Results: Anemia was diagnosed in 32% of participants (n = 64/198). Mild (Hb 10 – 
11.7 g/dL), moderate (Hb 8 – 10 g/dL) and severe microcytic anemia (Hb <8 g/dL), 
and, normocytic anemia (Hb ≥11.8 g/dL) constituted 24.4%, 3.0%, 1.5% and 2.5%, 
respectively. As their mean ferritin level was significantly lower than normal controls 
(6.9 vs. 96.3 ng/mL; p<0.01), their anemia was confirmed as IDA rather than other 
anemia with microcytic picture. A high MCV level (MCV = 97 fL, Hb = 10 g/dL) with 
a normal ferritin level (120.5 ng/mL) made the diagnosis of a macrocytic anemia in 
only one participant.  

Conclusion: Our results showed a high rate of IDA among Saudi university females 
studied. This implicates pathogenetic factors related to nutrition and lifestyle habits. In 
an area with popular early marriage, an intervention is mandatory to avoid risk and 
complications of IDA on adult females and expected newborns. 

Key Words: Iron deficiency anemia, Ferritin, Female university students, Microcytic 
anemia, Macrocytic anemia, Sakaka, Saudi Arabia. 
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Introduction 

Normal hemoglobin (Hb) concentration is 
crucial to supply the body’s vital organs 
with the required oxygen to function 
properly. Low Hb concentration causes 
anemia, which is a common blood 
disorder worldwide and may threaten life 
as many individuals

(1, 2)
. The World 

Health Organization (WHO) reported that 
150 million individuals of Eastern 
Mediterranean origin suffer from 
inherited and/or acquired anemia

(3, 4)
. One 

third of individuals throughout the world 
(over 2 billion individual) have had iron 
deficiency anemia (IDA)

(5)
. In contrast, 

Saudi Arabia is reported as having 
frequency varying degrees of IDA 
between 30 – 56% 

(6).
  A cross-sectional 

study conducted on female students at the 
Medical Center of Taibah University 
showed that the prevalence of anemia was 
65.4% 

(7)
. Another study also reported that 

the frequency of  anemia was 40.5% in 
female adolescents (16  – 18 Yrs) of 
Riyadh City

(8)
.  

No studies have been undertaken on in 
Al-Jouf region to study the prevalence 
and causes of IDA despite its public 
health challenge worldwide 

(9, 10)
. 

Therefore, the current study aimed to 
estimate the prevalence of IDA among a 
representative sample of Aljouf female 
university students belonging to College 
of Applied Medical Sciences, Sakaka, 
Saudi Arabia. 

Participants and Methods 

The present study was carried out in the 
Haematology Laboratory of the College 
of Applied Medical Sciences, Aljouf 
University and the Prince Moteb Bin 
Abdul-Aziz Hospital, Sakaka, Saudi 
Arabia, as a cross-sectional descriptive 
study with an internal comparison group 
during the period from October, 2015 to 
January, 2016. In this study, no-
probability sample equation was used to 
determine sample size

(11)
, but for 

feasibility reasons all the willingly 
volunteering females were enrolled 
comprising one hundred and ninety eight 
participants to participate in the current 
study. Females already on medications for 
anemia and other diseases and pregnant or 
lactating females were excluded from the 
study. A data collection sheet was 

designed to collect age, family history and 
past clinical data. 

Ethical approval was obtained for this 
study and written informed consent was 
given by each participant prior to 
collection of the specimens. This project 
was done among females, as IDA was 
found to be highly prevalent among them 
in other parts of Saudi Arabia

(8, 12)
.  

For complete blood count (CBC) analysis 
using Mindray 320 hematology analyzer, 
peripheral venous blood (5 mL each 
patient) was collected on EDTA. Serum 
ferritin assessment using a Beckman 
Coulter Chemistry Analyzer required a 
separated sample (3 mL) collected in 
plain tubes for serum recovery.   

SPSS version 20 was used to compare and 
correlate FBC parameters and ferritin 
levels among patients with anemias 
against non-anemic individuals. Data 
were presented as frequency and mean ± 
SDM along the p value.   

Results 

Sixty four participants of our study 
population (32%) were found to be 
anemic. Of the anemic cases, the vast 
majority of them suffered microcytic 
hypochromic anemia accounting for 
90.6%. In terms of the severity, these 
cases of microcytic hypochromic anemia 
were subclassified into mild (Hb = 10 – 
11.8 g/dL), moderate (Hb = 8 – 10 g/dL) 
and severe (Hb <8 g/dL), and they 
constituted 84.5%, 10.3% and 5.2%, 
respectively of the microcytic anemic 
participants.  

The mean ferritin levels of the 4 micro- 
and normocytic anemic groups were 11, 
9, 4.8 and 2.6 ng/mL, respectively, which 
was significantly lower (p<0.01) than the 
healthy control group (96.3 ng/mL). 
Accordingly, all these groups were 
diagnosed with iron deficiency (IDA) 
rather than other diagnoses with 
microcytic picture. All anemic groups 
with low ferritin levels were microcytic 
(MCV = 74 ± 4 fL), significantly lower 
(p<0.01) than the control group (MCV = 
84.1 ± 5.7 fL).  

The normocytic group also had 
significantly lower MCV (81 ± 1.0 fL; 
p<0.05) in comparison with the control 
group. Macrocytic anemia was observed 
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in only one participant with high MCV 
level and normal ferritin level (MCV = 97 

fL, Hb =10 g/dL and ferritin level = 120.5 
ng/mL; Table 1). 

Table 1. The complete haemogram and ferritin of anemic university female students compared to 
healthy controls. Data shown are mean ± SDM and p value (a = <0.01 and b = < 0.05) vs. non-
anemic control indices. Plt = platelets count.  

Parameters Non-
anemic 

Controls 

n = 134 

Mild 
microcytic 

anemia 

n = 49 

Moderate 
microcytic 

anemia 

n = 6 

Severe 
microcytic 

anemia 

n = 3 

Normocytic 
anemia  

n = 5 

Macrocytic 
anemia  

n = 1 

Hb, g/dL 13.7 ± 1.8 10.9 ± 0.8(a) 9.4 ± 0.4(a) 7.4 ± 0.3(a) 10.8 ± 0.8(a) 10.0(a) 

RBC,109/L 4.1 ± 0.5 3.2 ± 0.4 3.8 ± 0.2  3.3 ± 0.3 4.0 ± 0.2 4.7 

WBC,109/L 6.5 ± 2.6 7.2 ± 1.4 6.5 ± 1.6 7.1 ± 1.5 6.9 ± 1.6 4.4 

MCH, pg  28.9 ± 2.6 24.2 ± 2.1(a) 20.1 ± 1.8(a) 16.2 ± 0.9(a) 26.7 ± 0.1(a) 29.0 

MCHC, 
g/dL  

35.9 ± 1.8 30 ±  1.9(a) 28 ±1.4(a) 27 ± 0.6(a) 32.2 ± 0.9(a) 31.0 

PCV, L/L  0. 39 ± 
0.05 

0.32 ± 0.04(a) 0.3 ± 0.03(a) 0.22 ± 0.02(a) 0.30 ± 0.4(a) 0.29(a) 

RDW, %  12.9 ± 0.7 15.2 ± 1.2(a) 16.6 ± 2.3(a) 17.2 ± 1.3(a) 14.2 ± 1.2(a) 14.0(a) 

MCV, fL  84.1 ± 5.7 74 ± 3.1(a) 65 ± 3.7(a)  57 ± 3.1(a) 82 ± 3.0(b) 97 (b) 

Plt, 109/L   234 ± 81.7 227 ± 76 232 ± 76 254 ± 94 246 ± 56 154 

Ferritin, 
ng/mL 

135.2 ± 
36.2 

10.2 ± 1.6(a) 8.9 ± 2.6(a) 3.9 ± 2.7(a) 12.9 ± 3.2(a) 120.5(a)  

Discussion  

Recent published studies indicate in Saudi 
Arabia that IDA is common among 
female university students, particularly in 
Riyadh and Al-Madinah Al-Munawarah 
cities and other parts of Saudi Arabia

(7, 13)
. 

Currently, little is known about the 
frequency of the types of IDA and its 
causes among Aljouf female university 
students, in part because of the scarcity of 
research and a dearth of data on 
prevalence of anemia in general in this 
region. Therefore, this study was aimed to 
detect the frequency and types of IDA in 
healthy university female students 
attending College of Applied Medical 
Sciences of Aljouf University with the 
exception of those already on medications 
for anemia and other diseases, or pregnant 
or lactating.  

One third of the study sample (n = 64; 
32%), were found to be anemic. In 
comparison with other studies from Saudi 
Arabia, anemia  was detected at higher 
frequency among female students of 
Riyadh (40.5%)

(13)
 and Al-Madinah Al-

Munawarah (65.4%)
(7)

. Even worse, the 
frequency of anemia among women in 
third world countries and worldwide are 
75% and 41.8%, respectively

(14,15)
. 

Globally, WHO recently documented that 
the rate of anemia among adolescent  

 

students was 25.4%
(16)

, which was lower 
than our finding. However, unlike this 
study, the WHO study involved both 
genders. 

IDA is described as microcytic anemia 
with low MCV, but a differential 
diagnosis must be done to distinguish 
IDA from other microcytic anemias with 
low MCV; for instance thalassemia (β and 
α), sideroblastic, some types of anemia of 
chronic disease and lead poisoning. 
Serum ferritin is recommended as an 
initial and confirmatory diagnostic test in 
case of low level for diagnosing patients 
with IDA. Serum iron, transferrin 
saturation, total iron-binding capacity and 
serum transferrin receptor levels may be 
additionally useful if the ferritin level is 
between 46 - 99 ng/mL. Bone marrow 
examination may be crucial for a 
definitive diagnosis in these above 
mentioned haematological disorders

(17)
. 

Individuals with IDA in the current study 
were easily diagnosed based on the results 
of two hematological parameters, MCV 
and serum ferritin without needing further 
investigations, as their MCV was below 
80 fL and serum ferritin less than 11 
ng/mL. In our participants, IDA was 
found to be most frequent at ~31.4% of 
the targeted population. They were 
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categorized into four categories based on 
Hb concentration as follows: mild IDA 
(10 – 11.8 g/dL), moderate IDA (8 – 10 
g/dL), and severe IDA (Hb <8 g/dL) 
comprising 24.4%, 3%, 1.5% and 2.5%, 
respectively, along with normocytic IDA 
with low ferritin level. All these groups 
were classified as IDA, as their Hb, MCV 
and ferritin level were significantly low (p 
<0.01) compared to the normal group, 
although the average of MCV level in the 
normocytic group was in the marginal 
lower normal range. This result is in 
agreement with studies in other areas of 
Saudi Arabia, in which IDA has been 
reported at a frequency between 30 – 
56%

(18)
. In developing countries, 75% of 

anemia is IDA, affecting about 30% of 
individuals. Therefore, the rate of IDA in 
our study population is considered high 
among adolescent females.  

Only one case of anemia in this study was 
macrocytic. Her MCV was significantly 
higher compared to the non-anemic 
group. Accordingly, macrocytosis in such 
a case is marginal and unlikely 
attributable to megaloblastic anemia and 
therefore it may be due to other causes of 
macrocytosis 

(19, 20)
.  

High prevalence of IDA  was not 
unexpected in Al-Jouf region, as it has 
been detected before in this country

(21)
. 

High frequency of IDA with varying 
degrees of severity have been reported in 
adult age groups in several areas of Saudi 
Arabia, including Riyadh, eastern, south-
western and western parts of the 
country

(22, 23)
, while IDA was found in our 

study population, as 98.5% of anemic 
patients had low ferritin levels (6.9 
ng/mL) and therefore the possible 
diagnosis of them was IDA and one 
patient had macrocytic anemia. Moreover, 
results of FBC and blood morphology of 
participants with low Hb concentration 
were helped to exclude other types of 
anemias. Additionally, the data collected 
as family history and past clinical data 
assisted us to classify our anemic patients. 

Conclusion 

IDA but not other types of anemia 
prevailed among the study female 
university students. This could be 
ascribed to their nutritional factors and 
life style habits - very risky in such a 

child-bearing age in a culture where early 
marriage is popular. Iron supplementation 
program should be instigated for females 
of the region - where illiterates and those 
with lower education levels from the same 
age group are expected to have worse 
situation. 

Limitations of the Study 

• We wished analyzing data of a larger 
sample. However, this was the 
maximum participation rate we could 
get.  

• A comparison to other females of the 
child-bearing age from different 
socioeconomic and rural/urban 
background could have revealed 
distinct figures. This was planned for.  
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Abstract 

Background: Anorexia nervosa is a psychiatric disorder characterized by altered body 
image, persistent food restriction and low body weight, and is associated with global 
endocrine dysregulation in women. Leptin, an adipokine, affects fuel homeostasis and 
insulin action. Insulin resistance correlates obesity.  

Objectives: This study aimed to evaluate the changes in circulating leptin levels and 
insulin resistance in anorexia nervosa (AN) patients and in obese women as compared 
to healthy constitutionally lean and normal weight Saudi women. 

Patients and Methods: This cross-sectional case-controlled study enrolled 60 AN 
women patients; 35 obese women (body mass index = BMI >30); 28 constitutionally 
lean and 57 healthy normal body weight women controls. Serum insulin and plasma 
leptin levels were determined by radioimmunoassay and fasting plasma glucose levels 
were assessed by enzymatic method. We used homeostatic model assessment (HOMA) 
to calculate insulin resistance (IR). 

Results: Anorexic women had significantly lower levels of leptin, glucose, insulin and 
BMI while obese women had significantly higher levels comparing to normal weight 
controls. In anorexic women, HOMA-IR was significantly positively correlated with 
leptin but significantly negatively correlated with BMI. In obese women, HOMA-IR 
was significantly positively correlated with glucose and insulin. 

Conclusion: In anorexic women, BMI and HOMA-IR values and leptin levels were 
significantly reduced while they were increased in obese women compared to normal 
body weight controls. This indicates that the triad dynamic relationship between BMI, 
leptin and insulin resistance is still functional in AN cases that my pathogenetically 
implicates them. 

Key Words: Insulin resistance, Anorexia nervosa, Obesity, Insulin resistance, Leptin, 
Blood glucose, Body mass index. 
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Introduction 

Anorexia nervosa (AN) is a spell-binding 
and serious mental disease. In AN 
patients, thoughts related to food and 
eating lead to weight phobia and 
depression. Such semi-starvation leads to 
somatic and psychological changes. 
Somatic changes include rapid weight 
loss, constipation, fatigue and dry skin. 
Psychological changes include low self-
esteem, distorted body image poor 
memory, severe mood swings and 
perfectionism. AN is related with various 
general medical complexities. The 
difficulties influence all organ 
frameworks and likewise incorporate 
physiologic unsettling influences, for 
example, hypotension, bradycardia and 
hypothermia. AN results from interaction 
between psychological, environmental 
and biological factors.

(1)
 Convictions 

about the etiology of AN have 
experienced a magnitude of changes. For 
quite a long time, AN was thought to be a 
culture-bound issue in which family and 
sociocultural elements were thought to 
assume a noteworthy part. As dietary 
issues keep running in families, hereditary 
elements are pertinent to the illness. In the 
first degree relatives of people with AN, 
lifetime danger of having AN is ten times 
more experienced than relatives of 
unaffected people.

(2)
 Twin studies on 

eating disorders have demonstrated that a 
considerable portion of the observed 
familial aggregation is due to additive 
genetic factors (i.e., heritability).

(3)
 

Moreover, endocrine dysregulation was 
also implicated in conditions of constant 
starvation and the etiology of AN. This 
comprises a more intricate growth 
hormone resistance, hypercortisolemia, 
hypogonadism, hunger control, and bone 
problems. However, the etiology of the 
disease remains to a great extent obscure, 
and viable treatments for the endocrine 
complications and for the disease itself 
are deficient.

(4)
 Endocrine alterations lead 

to decreased blood pressure and decreased 
body temperature as energy-saving 
adaptation mechanisms to the decreased 
energy intake.

(5)
 The ob gene expressed in 

adipose tissue gives rise to leptin, the 
satiety lipostatic effector. Leptin working 
through sympathetic nervous system 

arbitrates the energy expenditure at the 
satiety center of hypothalamus.

(6,7)
 Serum 

leptin level positively associates the 
content of body fat and body mass index 
(BMI). Consequently, serum leptin level 
decreases during nutritional deprivation 
and increases in fed state.

(8,9)
 

In this study, we planned to assess plasma 
levels of leptin, and fasting serum glucose 
and insulin in anorexic and obese women 
comparing to healthy normal and lean 
participants from Jeddah City, Saudi 
Arabia. Correlation among these 
parameters and between each of them vs. 
BMI and insulin resistance was also 
determined aiming at exploring a possible 
variance due to AN as compared to 
published results from other ethnicities 
and environmental background. 

Participants and Methods 

This study was conducted at the 
Endocrine Clinic of King Abdul Aziz 
University Hospital, Jeddah, Saudi Arabia 
in the period between February 2015 and 
January 2016, where sixty women with 
AN were recruited. The local ethical 
committee of the hospital approved this 
study. AN patients fitted the statistical 
and diagnostic standards of the manual of 
mental disorders, 5

th
 Edition.

(10)
 AN 

patients had been weight stable and took 
no drugs that could influence body 
composition. They were compared to age-
matching voluntarily participating 120 
healthy normal controls with 
unremarkable medical history of acute 
and chronic illness particularly eating 
disorders. The normal healthy women 
volunteers were classified into three 
groups according to their BMI; 57 normal 
weight controls with BMI from 18.5 to 
24.9 Kg/m

2
, 28 constitutionally lean 

participants with BMI ˂18.5 kg/m
2
 and 35 

obese participants with BMI ≥30 Kg/m
2
. 

The research was conducted according to 
the Declaration of Helsinki (2008) and the 
written informed consent was obtained 
from each participant in this research. 

Fasting blood sample was collected in 
plain or EDTA tubes to recover serum 
and plasma. Plasma leptin concentrations 
were determined using human leptin RIA 
kit (Cat# SHL-81K, Linco Research, Inc., 
St. Charles, MO, USA - with a lower 
detection limit of 0.5 ng/mL). Serum 
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insulin was measured using insulin RIA 
kit (Cat# HI-14K, Linco Research - with a 
lower detection limit of 2 µU/mL). 
Fasting plasma glucose was measured 
using glucose oxidase method by Aptio 
automation system on an auto-analyzer 
(Dimension Vista 1500, Siemens, 
Germany).

(11)
 Insulin resistance was 

calculated using the homeostatic model 
assessment formula - assuming normal 
insulin resistance of ≤1; Insulin resistance 
= fasting glucose (mmol/L) x fasting 
insulin (µU/mL) / 22.5.

(12)
 

Statistical analysis: SPSS (Statistical 
Package for Social Sciences) version 17.0 
(SPSS Inc., Chicago, USA) was used. 
One way ANOVA was performed to 
compare groups. Correlation analysis was 
performed to explore relationships among 
parameters within groups. Results were 
presented as mean ± SDM for all 
parameters and p˂0.05 was considered 
significant.   

Results 

The age of the investigated groups did not 
show significant differences. ANOVA 
analysis that compared changes in the 
investigated parameters among the 
studied groups showed marked significant 
differences (p˂0.001) in BMI among 
them except anorexic patients when 
compared to healthy lean participants. 
Significant differences in the plasma 

leptin levels (p˂0.001) were recorded 
among the studied groups. Fasting blood 
glucose showed significantly distinct 
differences (p˂0.001) among the studied 
groups except comparing the healthy lean 
group vs. the obese women. Serum insulin 
levels were massively significantly 
different (p˂0.001) among the studied 
groups except comparing the healthy lean 
group vs. the normal weight healthy 
controls with a non-significant difference. 
HOMA-IR index showed marked 
significant differences (p˂0.001) among 
the studied groups except comparing the 
healthy lean group vs. the normal weight 
healthy controls with a non-significant 
difference (Table 1). 

Correlation analysis among the different 
parameters within each of the investigated 
groups showed significant positive 
correlation. Within the normal healthy 
controls, positive correlation was noticed 
between each of BMI vs. leptin (r = 0.225 
and p = 0.046), and comparing HOMA-IR 
vs. each of glucose (r = 0.812 and p = 
0.0001) and insulin (r = 0.443 and p = 
0.0003). Among the constitutionally 
healthy lean controls significant positive 
correlations were evident comparing 
HOMA-IR vs. each of glucose (r = 0.850 
and p = 0.0001) and insulin (r = 0.619 and 
p = 0.0002). 

Table 1: The clinical characteristics, blood levels of glucose, insulin and leptin and insulin 
resistance in anorexic (AN), obese, lean and normal body weight (NW) Saudi women. Data 
shown are mean ± SDM (range) and one way ANOVA significance of differences. a = p <0.01 
versus control subjects. b = p <0.01 versus lean subjects. c = p <0.01 versus obese subjects. 

 

NW group 

(n = 57)  

Lean group 

(n = 28) 

Obese group 

(n = 35) 

AN group 

(n = 60) 

Age (years) 

 

23.416 ± 0.147 

(23.1 - 23.7) 

23.407 ± 0.654 

(22.1 - 26.0) 

23.317 ± 0.657 

(21.2 - 24.5) 

23.407 ± 0.482 

(22.1 -  23.9) 

BMI (Kg/m2) 

 

22.71 ± 1.079 

(19.90 - 25.30) 

18.11 ± 0.369a 

(17.30 - 18.80) 

30.61 ± 0.635a, b 

(30.00 - 33.20) 

18.05 ± 7.745a,c 

(12.60 - 33.80 

Leptin (ng/mL) 

 

7.941 ± 0.288 

(7.40 - 8.40) 

7.689 ± 0.292a 

(7.20 - 8.20) 

14.51 ± 0.333a, b 

(13.90 - 15.50) 

1.587 ± 0.238a,b, c 

(1.20 - 2.50) 

Insulin  (µU/mL) 

 

8.379 ± 0.129 

(8.10 - 8.70) 

8.293 ± 0.098 

(8.10 - 8.40) 

14.28 ± 0.169a, b 

(13.90 - 14.60) 

7.01 ± 0.476a,c 

(6.00 - 7.60) 

Glucose (mM/L) 

 

5.233 ± 0.142 

(4.90 - 5.70) 

5.326 ± 0.109a 

(5.10 - 5.60) 

5.355 ± 0.139a 

(5.10 - 5.60) 

4.507 ± 0.081a, c 

(4.20 - 4.70) 

HOMA-IR 

 

1.949 ± 0.058 

(1.81 - 2.130) 

1.964 ± 0.049 

(1.86 - 2.05) 

3.399 ± 0.095a, b 

(3.22 - 3.630) 

1.404 ± 0.103a, b, c 

(1.12 - 1.530) 
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The obese participants showed significant 
positive correlations comparing HOMA-
IR vs. each of glucose (r = 0.895 and p = 
0.0001) and insulin (r = 0.335 and p = 
0.025). However, AN patients showed 
significant negative correlations 
comparing BMI vs. each of insulin (r = -
0.311 and p = 0.008) and HOMA-IR (r = -
0.323 and p = 0.006), and significant 
positive correlation comparing leptin vs. 
each of insulin (r = 0.224 and p = 0.043) 
and HOMA-IR (r = 0.225 and p = 0.042) 
and between insulin and HOMA-IR (r = 
0.954 and p = 0.0001). 

Discussion  

AN is portrayed as an emotional decline 
of dietary consumption, essential weight 
reduction (BMI<17.5 kg/m

2
) and different 

endocrine changes.
(13)

 Whatever the 
causal variables prompting AN, every 
single anorectic patient can't adjust their 
bolstering conduct to vitality request and 
expenses, recommending a conceivable 
brokenness of hormones controlling 
craving.

(14)
 In response to specific 

extracellular stimuli, adipose tissue 
releases numerous metabolically active 
substances and hormones that complexly 
participate in orchestrating energy 
homeostasis. One of these major 
adipocytokines is leptin that affect fuel 
homeostasis and insulin action.

(15)
 We 

noticed significant decrease in both 
plasma leptin levels correlating the 
reduction in BMI in AN patients in 
comparison with normal body weight 
controls. These results agree with findings 
of Haluzik et al.

(16)
 This is expected since 

the leptin ob gene is expressed in 
adipocytes where their mass is highly 
reduced in such patients.

(6,17)
 Leptin 

lowers the activity of the hypothalamic 
hunger center through reducing the local 
activity of neuropeptide Y.

(18)
 The 

adaptive increase in activity of the 
hypothalamic hunger center and 
neuropeptide Y content in AN patients 
guarding against body weight loss are 
inadequate due to psychological 
disturbances.

(19)
  

Moreover, our study shows significant 
rise in plasma leptin levels in obese 
participants compared to normal body 
weight controls. These results agree with 
the findings reported by Considine et al.

(8)
 

Recently, Schorr and Miller
(20)

 found that 
serum levels of leptin, an antiorexigenic 
adipokine, are suppressed and levels of 
ghrelin, an orexigenic gut peptide, are 
elevated in women with anorexia nervosa. 
The leptin negative feedback regulation 
on body adiposity utilizes both endocrine 
and nervous components.

(21-22)
 Opposite 

to what is happening in AN patients, 
leptin failure to combat adiposity in obese 
patients is due to resistance to its action at 
the bioavailability, receptor and post-
receptor levels.

(23)
 

In the present study, HOMA-IR was 
significantly decreased in AN patients and 
raised in obese individuals compared to 
normal weight controls. These results 
agree with findings of Argles et al.

(24)
 

Synthesis, storage and mobilization of 
energy in the form of fat are the dynamic 
functions of adipose tissue requiring well-
balance proportionation between insulin 
and anti-insulins along with the global 
guidance of leptin and other adipokines. 
Insulin induces differentiation of pre-
adipocytes into adipocytes, increases their 
glucose uptake, induces synthesis of 
triglycerides and inhibits lipolysis.

(25)
 

Patients experiencing AN display a 
specific level of resistant framework 
initiation that is either viewed as a reason 
for this dietary problem or a going with 
highlight of the unhealthiness state.

(26)
 

Previous studies investigating insulin 
sensitivity in AN patients were 
contradicting. Approaches used for 
evaluating insulin action could be partly 
implicated. Fukushima et al.

(27) 
utilized a 

intravenous glucose tolerance test with 
minimal model by frequent sampling. 
They found a significantly increased 
insulin sensitivity in patients with AN. 
Similarly, the present investigations 
showed lower HOMA-R index in patients 
with AN as reflection of decreased plasma 
glucose and insulin levels. This suggests 
that AN is associated with increased 
insulin sensitivity. In agreement with our 
findings is another study implementing 
HOMA-IR to determine insulin sensitivity 
under basal conditions that showed 
reduction in insulin resistance.

(28)
 Since 

AN is associated with complex 
psychiatric, endocrine and metabolic 
disturbances, explanation of such increase 
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in insulin sensitivity is complex is patients 
with malnutrition and hyperactivity.

(29)
 

Cytokines significantly correlated with 
adipometrics including BMI, particularly 
in obese participants. The deregulated 
cytokines profile of AN patients 
incorporates a downregulation of 
interferon (INF)-γ and increases in each 
of interleukin (IL)-1β and tumor necrosis 
factor (TNF)-α levels. Moreover, AN 
may come about because of a hereditarily 
transmitted inadequacy in creating 
neutralizing antibodies to TNF-α or 
potentially IL-1.

(30)
 TNF-α decreases 

body weight - working intracereberally or 
systemically though increasing lipolysis 
and inhibiting lipogenesis.

(31,32)
 Moreover, 

natural ailments in which plasma TNF-α 
is high as in rheumatoid joint 
inflammation, ankylosing spondyl 
arthritis and Crohn's illness are regularly 
joined by anorexia and cachexia.

(33)
 

Numerous TNF-α downregulating drugs 
are right now accessible. Studies 
demonstrated that the TNF-α down-
controller, naloxone, is effective in the 
treatment of AN. It specifically represses 
TNF-α generation which reactivates lipid 
synthesis and inverts insulin resistance. It 
will likewise upgrade weight pick up and 
increment beta-endorphins and IL-4 
which will additionally down-regulate 
TNF-α.

(33)
 Our study showed positive 

correlation between BMI and each of 
plasma leptin and HOMA-IR in obese and 
AN Saudi Arabian patients. 

Conclusion 

Despite the known metabolic and 
psychiatric derangements for AN, 
anorexic patients were associated with 
significantly decreased BMI, plasma 
leptin, and insulin resistance which were 
increased in obese Saudi women. Plasma 
leptin levels were related to the body size 
and adiposity. This may support the 
notion that leptin and insulin through 
central and/or peripheral mechanisms are 
functional in regulating energy balance 
and body weight in AN patients as 
compared to obese Saudi women. 

Limitations of the Study 

• Recruiting AN patients is very 
difficult. They belonged to one eating 
disorders unit that may limit the 

generalization of the applicability of 
our results.  

• Investigating more cytokines such as 
TNF-α and angiopoetin-like protein 6 
could have added further mechanistic 
explanation and helped dissecting the 
disease status. 

• Analyzing known specific gene 
polymorphisms implicated in the 
disease would have reflected our 
patients' distinct genetic makeup – 
was planned for.  

Conflict of Interest: The authors 
declared no conflict of interests. 
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Abstract 

Background: Tooth loss keeps on being a noteworthy general medical issue around 
the world. Carious lesions, periodontal pathologies, orthodontic reasons, prosthetic 
reasons and traumatic conditions are the primary reasons for such loss.  

Objective: The prevalence and reasons for teeth extractions in relation to gender, age 
and type of tooth among Aljouf Saudi patients considered for prosthodontic treatment 
were retrospectively analyzed.  

Material and Methods: The prevalence and reason for teeth extraction were assessed 
in relation to gender, age, type of tooth in 1747 teeth extracted from 409 individuals. 
Data was retrospectively retrieved from the dental clinics records and analysed for the 
clinical and radiographic findings.  

Results: Slightly higher number of total extractions were carried out on males 
(58.13%) and the majority were posterior teeth (64.04%); particularly the molars 
accounted for 41.63% (n = 169). Teeth extracted for prosthodontic reasons accounted 
for 18.23%, while, the remaining 81.77% were extracted for other reasons. The 
premolars were notably associated with prosthodontic treatment (OR = 2.12; 95% CI: 
1.07 - 4.20). With increasing age, the possibility of getting a tooth extracted for 
prosthodontic reasons is increased 2% (OR = 1.01, p = 0.272). Females were found to 
have increased possibility for undergoing extraction (OR = 1.66, p = 0.056), where the 
molars (OR = 0.79, p = 0.706) and premolars (OR = 1.61, p = 0.373) were most likely 
to be extracted for prosthetic indications. With the increase of number of extractions of 
teeth per individual, the possibility of annexing them for prosthetic indications 
diminished (OR = 1.00, p = 0.993).  

Conclusions: A considerable proportion (18.23%) of the permanent teeth was extracted 
for prosthodontic reasons in the present Saudi Arabian sample where older age, females 
and molars/premolars were more prone to such indication. 

Key Words: Prevalence, Teeth extraction, Age, prosthodontic treatment, Aljouf, Saudi 
Arabia. 
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Introduction 

Edentulism is an effortlessly recognizable 
result that condenses an unpredictable 
suite of components in a character's 
records of dental ailment and its remedy 
by way of dental services over a whole 
life. Appraisal of general tooth misfortune 
information is basic for epidemiologically 
assessing the sufficiency of dental 
services provided at a frameworks level, 
and also to place in setting tooth loss for 
non-ailment reasons.

(1,2)
 Tooth loss is 

associated with sociodemographic and 
behavioral factors such as gender, age, 
education, oral hygiene practices, 
smoking, alcohol financial and other 
factors. From a clinical perspective the 
reasons for extractions categorized as 
emanating from or expressed by the 
patients, in which case the complaint 
would be pain, function and aesthetic 
reasons.

(3)
  

Patterns and reasons for extraction of 
teeth are almost similar throughout the 
world, dental caries and periodontal 
pathologies quoted as the two most 
important causes for the extraction of 
permanent teeth.

(4-8)
 Dental caries reveal 

as a perpetuity of disease states of 
expanding severity and tooth destruction 
and periodontal diseases are chronic 
inflammatory conditions involving the 
underlying tissues that instigate resorption 
of underlying bone.

(9,10)
 

Edentulism is a multifactorial and 
complex sequel and regardless of the 
advance in specialized strategies tooth 
extraction is a standout amongst the most 
broadly carried out procedure in today's 
dental practice.

(11)
 Edentulism impacts 

antagonistically the quality of life of a 
person various by leading to deterioration 
of masticatory efficiency, disagreeable 
aesthetics, compromised speech, 
temporomandibular disorders, socio-
psychological problems, and declined 
self-confidence. Therefore, one ought to 
consider the extraction of teeth as a last 
option and only if factually indicated 
within a deliberate dental treatment 
planning.

(2,12)
 It has been reported that the 

edentulous jaw can be restored 
successfully by placing a fixed or 
removable prostheses; thus restoring the 
function and aesthetics of a person. 

Planning for a better prosthesis comprises 
of diagnostic assessment, if the exiting 
teeth in the oral cavity can be safely 
thought to retain for a longer period or 
some of the remaining teeth needs to be 
extracted and replaced because of poor 
prognosis.

(13)
 Some of the exiting teeth 

may be indicated for extraction for the 
obtaining prosthesis of preferable design 
or function.

(7)
 

A precise comprehension of the relative 
commitment of prosthetic motivations to 
the extraction of teeth should separate 
genuine reasons prompting overall tooth 
loss prevalence. The objectives of the 
present study were to investigate the 
prevalence of extraction of permanent 
teeth for prosthetic treatment planning in 
a population of Saudi Arabia and to 
correlate it with several possible 
pathogenetic aspects such as age, gender 
and tooth type. 

Materials and Methods 

This study was carried out at Aljouf 
University College of Dentistry Clinics, 
Sakaka, Aljouf, Saudi Arabia, in the 
period from April 1, 2014 - April 1, 2016. 
Ethical approval was obtained from the 
Bioethics Committee of the college. An 
anonymous retrospective review of 728 
clinical records was performed, among 
which, 322 individuals were excluded 
because of the unavailability of complete 
clinical and the radiographic data. Files of 
406 subjects were eligible for enrolment 
in the present study. From these records, 
information regarding the participant’s 
age, gender, education level, smoking 
status, brushing habits, tooth type and the 
reasons for extraction were recorded. 
These reasons were assigned to 
prosthodontic group and others, which 
incorporated dental caries, periodontal 
diseases, traumatic reason, orthodontics, 
root canal therapy failure, impaction and 
any other reasons. 

Statistical analysis: Statistical analysis 
comprised of a characterization of the 
variables corresponding to the scale of 
measurement. Binary logistic regression 
was employed for bivariate and 
multivariate analysis. The multivariate 
model was matched to assess the tenacity 
of relation among the dependent and 
independent variables, which is expressed 
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as odds ratios with 95% confidence 
intervals. Statistical significance was 
accepted at p value <0.05. Stata, version 
10 (Stata Corp LP, College Station, TX) 
was used for all the analyses. Data are 
presented as mean ± SDM, frequencies (n 
and %) and significances.   

Results 

Among the 406 subjects, 191 (47.04%) of 
them studied up to secondary education, 
147 (36.20%) of samples were graduated 
or qualified higher and 68 (16.74%) of the 
subjects were educated till primary level. 
406 subjects A total of 181 (44.58%) 
subjects were smokers, 225 (55.41%) 
were non smokers and 248 (61.08%) were 
belonging to the urban areas and 158 
(38.91%) were from rural places. 
Majority (67.48%)of the subjects brushed 
their teeth once daily, 18.71% of the 
individuals brushed their teeth twice or 
more number of times and 13.79% of 
them brushed less than once a day.  

Table 1: Descriptive analysis of independent 
variables studied in teeth extraction patients. 
Data shown are mean ± SDM and frequencies; 
n (%). 

Variables n (%) 

Age 49.39 ± 12.99 

Extracted teeth per patient 4.30 ± 3.63 

Gender: Male/Female 236/170 
(58.13/41.87) 

Sextant: Anterior/Posterior 146/260 
(35.96/64.04) 

Tooth type   

Canines 44 (10.84) 

Incisors 102 (25.12) 

Molars 169 (41.63) 

Premolars 91 (22.41) 

Total 406 (100.00) 

In this study, 1747 teeth were extracted 
among 406 individuals with the mean age 
of 49.39 ± 12.99. The details of 
descriptive analysis are represented in 
Table 1. Increased number of extractions 
were carried out on males (n = 236, 
58.13%). Majority of the teeth extracted 
were posteriors (n = 260; 64.04%); 
particularly the molars which accounted 
for 41.63% (n = 169). Teeth extracted for 
prosthetic reasons accounted for 18.23% 

and 81.77% of teeth were extracted for 
other reasons. 

The results of the bivariate analysis were 
taken into consideration for the 
construction of the multivariate logistic 
regression model. It has been observed 
that the premolars were significantly 
associated with prosthodontic treatment 
(OR = 2.12; 95% CI: 1.07 - 4.20), but the 
other independent variables are not 
associated in Bivariate analysis (Table 2). 

Table 3 depicts the multivariate model of 
logistic regression between prosthetic 
extractions and independent variables. It 
showed that with increasing age, the 
possibility of getting a teeth extracted for 
prosthodontic reasons was increased 2% 
(OR = 1.01, p = 0.272). Females (OR = 
1.66, p = 0.056) were found to have 
increased possibility for undergoing 
extraction for prosthodontic reasons. 
Molars (OR = 0.79, p = 0 .706) and 
premolars (OR = 1.61, p = 0.373) were 
most likely to be extracted for prosthetic 
indications. With an increased number of 
extractions per patient, the possibility of 
having them accomplished for 
prosthodontic indications diminished (OR 
= 1.00, p = 0.993). 

Discussion  

Globally, numerous studies have been 
undertaken to investigate the reasons for 
extraction of teeth and there have been 
considerable variation in their results. 
Among those, only two studies have been 
reported from Saudi Arabia (not from 
Aljouf area) to analyze the reasons for 
and patterns of extraction of permanent 
teeth.

(7,8)
 

The present study revealed that 18.23% of 
teeth were extracted for prosthodontic 
indications. This observation was almost 
similar with the results of a study in 
Croatia, where the prevalence of 
prosthetic extractions was 18.7%.

(14)
 A 

marginally higher percentage of teeth 
were extracted for prosthodontic reasons 
in brazil (28.3%)

(15)
 and Mexico 

(21.5%).
(11)

 A large number of studies 
reported a considerably lesser percentage 
of teeth extractions for prosthetic reasons. 
A study carried out in Kuwait reported 
that 15.9% of teeth were extracted for 
prosthodontic reasons.

(16)
 Reich and Hillar 
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noted that 11.2% of teeth were extracted 
for prosthetic reasons in Germany.

(17)
 On 

the other hand, in Jordan, Haddad found 
the percentage of teeth extracted due to 
prosthetic reasons to be 8.1%.

(18)
 Caldas 

Jr observed that 6.4% of teeth were 
extracted for prosthetic reasons.

(19)
 4.1% 

of extractions for prosthetic indication is 
reported in a population from Iran.

(20)
 

Montandon et al., reported that 3.6% of 
teeth were extracted for prosthodontic 
indications in Brazil

(21)
, while, 3.4% of 

teeth were reported to be extracted in 
spain.

(22)
 Johanson and Johanson noted 

that 2.8% of teeth were extracted for 
 prosthetic reasons in South Australia.

(23)
 

Previous studies from Saudi Arabia 
reported very less percentage of 
extraction for prosthetic reasons 
compared to the present study. Farsi

(7)
 

reported that 5.7% and Alesia and 
Khalil

(8)
 reported that 4.5% of teeth were 

extracted due to prosthodontic indication. 
This variation could be attributed to the 
difference in the sample size and 
methodology adapted in the different 
studies. 

Table 2: Bivariate analysis between prosthetic extractions and independent variables. Data shown 
are mean ± SDM, frequencies; n (%), and significance of differences. * = p<0.05. 

Variables n (%) Prosthetic Reason 
n (%) 

p =  OR 95% CI for OR 

Lower Upper 

Age 49.24 ± 13.31 50.03 ± 11.55 0.639 1.01 0.99 1.02 

Extracted teeth 4.32 ± 3.72 4.22 ± 3.20 0.820 0.99 0.92 1.06 

Gender         

Male 200 (84.75) 36 (15.25) Ref.    

Female 132 (77.65) 38 (22.35) 0.069 1.60 0.96 2.65 

Sextant         

Anterior 125 (85.62) 21 (14.38) Ref.    

Posterior 207 (79.62) 53 (20.38) 0.135 1.52 0.88 2.65 

Tooth type          

Canines 89 (87.25) 13 (12.75) Ref.    

Incisors 36 (81.82) 8 (18.18) 0.393 1.52 0.58 3.98 

Molars 78 (85.71) 13 (14.29) 0.754 1.14 0.50 2.61 

Premolars 129 (76.33) 40 (23.67) 0.030* 2.12 1.07 4.20 

Table 3: Multivariate model of logistic regression between prosthetic extractions and independent 
variables. Data shown are relationship between variables and prosthetic extractions. 

Variables OR 95% CI for OR p = 

Lower Upper 

Age 1.01 0.99 1.04 0.272 

Extracted teeth 1.00 0.93 1.08 0.993 

Gender     

Male Ref.    

Female 1.66 0.99 2.78 0.056 

Sextant     

Anterior Ref.    

Posterior 1.56 0.63 3.90 0.339 

Tooth type      

Canines Ref.    

Incisors 1.16 0.38 3.58 0.795 

Molars 0.79 0.23 2.70 0.706 

Premolars 1.61 0.57 4.58 0.373 
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Regarding the age of patients during 
extractions of teeth for prosthodontic 
reasons, the current study showed that the 
mean age was 50 years. Al Qudah et 
al.

(24)
 noted that in Jordan the peak age of 

the patients was over 60 years old, 
whereas, Haddad et al.

(18)
 found the peak 

age of 41 - 50 years. Caldas Jr noticed 
that most of the teeth extracted for 
prosthetic reason were from the patients 
belonging to the age group of 65 - 74 
years.

(19)
 

In the present study, the percentage of 
females had extracted their teeth due to 
prosthodontic reasons was high when 
compared to males, this was in agreement 
with Fernández-Barrera et al.

(11)
 In 

contrast to this, Reich and Hillar
(17)

, 
Jafarian and Etebarian

(20)
, Al Qudah et 

al.
(24)

 and Cahen et al.
(25)

 observed that 
prosthetic reasons for extractions were 
more prevalent among males. Alesia and 
Khalil observed similar percentages of 
teeth extractions in both genders.

(8)
 

In the present study, the premolars and 
molars were more frequent for 
prosthodontic reasons which was in 
accordance with Alesia and Khalil

(8)
, 

Fernández-Barrera et al.
(11)

, and Jafarian 
and Etebarian et al.

(20)
 In contrast to this, 

Kalauz et al.
(14)

, Abreu et al.
(15)

 and 
Alomari et al.

(16)
 observed that anterior 

teeth were extracted in preference for 
prosthetic indications.  

Most of the results of the present study 
vary in comparison to other studies and 
this disparity may be partly credited to 
difference in age group of population, 
methodology employed, obtaining of the 
sample from different setups like 
institution, private clinics, etc., and 
response rates obtained.

(21)
 

Conclusion 

The results indicated that considerable 
amounts (18.23%) of the permanent teeth 
were extracted for prosthodontic reasons 
in this Saudi Arabian sample. This 
prevalence was higher when compared to 

the values reported from the previous 
studies of Saudi Arabia. 

Limitations of the Study 

The limitation of the present study was 
that the sample was comprised of only 
those patients attending the teaching 
clinics of Aljouf University College of 
Dentistry. Therefore, the results of this 
study may not be representative of entire 
population of Al-Jouf area and the nation 
at large.  

Conflict of Interest: The author 
declared no conflict of interests. 
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AUMJ Comprehensive Instructions 

For Authors and Reviewers 
 
INTRODUCTION 

Types of submission and criteria 

Original Research Communications may be 
offered as Full Papers, as Short 
Communications or as Short research Paper. 
The latter format is recommended for 
presenting technical evaluations and short 
clinical notes, comprising up to 1,500 words 
of text, 15 references, and two illustrative 
items (Tables and/or Figures).  

Clinical Trials and Case Reports will be 
accepted only where they provide novel 
insight into disease mechanisms, management, 
or diagnostic applications. 

Reviews and Minireviews will be welcome but 
prospective authors are strongly advised to 
seek authorization from the Editor-in-Chief to 
avoid conflict with scheduled reviews invited 
by the Editorial Board. They should address 
new topics or trends in basic biomedical, 
clinical, and allied health sciences – Dentistry, 
Pharmacy, Nursing and Applied Medical 
Sciences.  

Policy Papers, Study Protocols and Pre-
Protocols and Method Articles. 

Medical educational articles, Commentaries 
(on the clinical, scientific, social, political, and 
economic factors affecting health), Opinion, 
Meeting Summary and Book review articles. 
Please contact the Editor-in-Chief for 
consideration. 

BEFORE YOU BEGIN: THE 
JOURNAL PLAGIARISM POLICY 

AUMJ employs  software 
for plagiarism screening to verify the 
originality of content submitted before 
reviewing. We strongly oppose the practice of 
duplicate publication or any type of 
plagiarism. Plagiarized manuscripts would not 
be considered for publication. If plagiarism is 
found in any published paper after internal 
investigation, a letter would be immediately 
sent to all the authors, their affiliated institutes 
and funding agency, if applicable and 
subsequently the paper will be retracted.  

AUMJ Editorial Board trusts that authors 
understand why the Journal's integrity must be 
protected through preventing plagiarism. The 

manuscript must be free from plagiarism 
according to our iThenticate® plagiarism 
detection software - defined as ≤1% similarity 
or "Text overlap" from any source including 
your published works (self-plagiarism). 
iThenticate® checks for plagiarism from 
world-wide databases, including internet web 
sites. Even less than that rate in the results 
section - case-dependently - may not be 
accepted. Manuscripts with the minor 
plagiarism scientific misconduct of ≥2% 
similarity rate per source with multiple 
references will not be processed for 
publication till corrected.   

On initial submission, the manuscript will be 
tested for similarity with iThenticate®. The 
iThenticate® report of your manuscript is 
color-coded such that each "source" has a 
unique color that is used for each instance of 
copied text (words, sentences, paragraphs) 
from the source. We limit the iThenticate® 
software check to Abstract, Introduction, 
Results, Discussion, Table Titles and contents 
and Figure contents and legends, and, it 
excludes Title page (including authors names, 
communication and affiliations), Methods 
section, Acknowledgment section, and 
Literature Cited section - since similarities in 
these sections is expected to be high. 
However, how high the accepted similarity 
rates in those sections is case-dependent and 
should be as low as possible. 

AUMJ encourages authors to use the 
Similarity Report to write original text for the 
words, phrases, sentences and/or paragraphs 
that have similarity of ≥2% with the identified 
source published works. We understand the 
importance of keeping specific key words and 
phrases (molecules, models, drugs, species, 
equipment, assay technique, etc). In cases 
with similarity of ≥2%, the author(s) will have 
One of Two Options; either withdraw the 
submission, or, resubmit the manuscript after 
removing the indicated plagiarism so as to 
have ≤1% similarity rate per source as 
determined by iThenticate®. 

Dedicated to protecting the integrity of 
research to contribute to a decline of scientific 
misconduct, AUMJ takes strict measures. 
When incidents occur involving scientific 
misconduct, such measures include alerting 
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the agency funding the work as well as the 
university provost. 

Plagiarism policy of this journal is mainly 
inspired from the plagiarism policy of The 
Nature 
(http://www.nature.com/authors/policies/plagi
arism.html) and is summarized as described 
below:  

1. Plagiarism is when an author attempts to 
pass off someone else's work as his or her 
own. This journal also adopted IEEE 
definition of plagiarism to deal such cases. 
It defines plagiarism as "the reuse of 
someone else’s prior ideas, processes, 
results, or words without explicitly 
acknowledging the original author and 
source.” 

2. Plagiarism can be said to have clearly 
occurred when large chunks of text have 
been cut-and-pasted. Such manuscripts 
would not be considered for publication in 
the journal. Papers with confirmed 
plagiarisms are rejected immediately. 

3. But minor plagiarism without dishonest 
intent is relatively frequent, for example, 
when an author reuses parts of an 
introduction from an earlier paper. 

4. Duplicate publication, sometimes called 
self-plagiarism, occurs when an author 
reuses substantial parts of his or her own 
published work without providing the 
appropriate references. This can range 
from getting an identical paper published 
in multiple journals, to 'salami-slicing', 
where authors add small amounts of new 
data to a previous paper. Self-plagiarism, 
also referred to as ‘text recycling’, is a 
topical issue and is currently generating 
much discussion among editors. Opinions 
are divided as to how much text overlap 
with an author’s own previous 
publications is acceptable. We normally 
follow the guidelines given in COPE 
website. Editors, reviewers and authors 
are also requested to strictly follow this 
excellent guideline (Reference: Text 
Recycling Guidelines: 
http://publicationethics.org/text-recycling-
guidelines). 

5. In case of “suspected minor plagiarism”, 
authors are contacted for clarification. 
Depending on all these reports, reviewers 
and editors decide final fate of the 
manuscript.  

6. Use of automated software is helpful to 
detect the 'copy-paste' problem. All 
submitted manuscripts are checked by the 
help of different databases, eTBLAST, 
Plagiarism Detection tools, etc. At the 
same time scientific implication of the 
case ('suspected minor plagiarism'), also 
judged by reviewers and editors. 
Plagiarism Detection tools are useful, but 
they should to be used in tandem with 
human judgment and discretion for the 
final conclusion. Therefore, suspected 
cases of plagiarisms are judged by editors 
on 'case-to-case basis'. 

7. Editors have the final decision power for 
these cases. 

Ethics in publishing 

Policy and ethics 

The work described in your article must have 
been carried out in accordance with The Code 
of Ethics of the World Medical Association 
(Declaration of Helsinki) for experiments 
involving humans (http://www.wma.net); 
Uniform Requirements for manuscripts 
submitted to Biomedical journals 
(http://www.icmje.org) published by the 
International Committee of Medical Journal 
Editors. An official local authorized body 
should review the research project before its 
beginning and a document acknowledging the 
ethical clearance of the research could be 
requested from prospective authors. This must 
be stated at an appropriate point in the article 
(Material and Methods). Research papers 
based on animal studies should get a similar 
ethical clearance from an official committee 
for the animal welfare. 

Cover letter 

A cover letter is required to accompany the 
manuscript submission along with the 
Manuscript Submission/Copyright Transfer 
Form. It should include information about the 
following points relevant to the specific type 
of your article: 

 Why should AUMJ publish your 
manuscript? 

 Relevance to AUMJ publication policy. 
 Potential competing interests. 
 Approval of the manuscript by all authors. 
 Adherence to Simultaneous and Duplicate 

Publication Policy. 

 

http://www.wma.net/
http://www.icmje.org/
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Conflict of interest 

All authors are requested to disclose any 
actual or potential conflict of interest 
including any financial, supplements, personal 
or other relationships with other people or 
organizations within three years of beginning 
the submitted work that could inappropriately 
influence, or be perceived to influence, their 
work.  

Submission declaration and 
verification 

Submission of an article implies that the work 
described has not been published previously 
(except in the form of an abstract or as part of 
a published lecture or academic thesis or as an 
electronic preprint), that it is not under 
consideration for publication elsewhere, that 
its publication is approved by all authors and 
by the responsible authorities where the work 
was carried out, and that, if accepted, it will 
not be published elsewhere in the same form, 
in English or in any other language, including 
electronically without the written consent of 
the copyright-holder. To verify originality, 
your article may be checked by an appropriate 
originality detection service. 

Authorship 

All authors should have made substantial 
contributions to all of the following: (1) the 
conception and design of the study, or 
acquisition of data, or analysis and 
interpretation of data, (2) drafting the article 
or revising it critically for important 
intellectual content, (3) final approval of the 
version to be submitted. 

Changes to authorship 

This policy concerns the addition, deletion, or 
rearrangement of author names in the 
authorship of accepted manuscripts before the 
accepted manuscript is published in an online 
and/or printed issue. 

 Requests to add or remove an author, or to 
rearrange the author names, must be sent 
to the Journal Manager from the 
corresponding author of the accepted 
manuscript and must include: (a) the 
reason the name should be added or 
removed, or the author names rearranged 
and (b) written confirmation (e-mail, fax, 
letter) from all authors that they agree 
with the addition, removal or 
rearrangement.  

 In the case of addition or removal of 
authors, this includes confirmation from 
the author being added or removed.  

 Requests that are not sent by the 
corresponding author will be forwarded by 
the Journal Manager to the corresponding 
author, who must follow the procedure as 
described above.  

 Journal Deputy Editor will inform the 
Journal Editor-in-Chief of any such 
requests and publication of the accepted 
manuscript in an online issue is suspended 
until authorship has been agreed. 

 After the accepted manuscript is published 
in an online and/or printed issue: Any 
requests to add, delete, or rearrange author 
names in an article published in an online 
issue will follow the same policies as 
noted above and result in a corrigendum. 

Role of the funding source 

You are requested to identify who provided 
financial support for the conduct of the 
research and/or preparation of the article and 
to briefly describe the role of the sponsor(s), if 
any, in study design; in the collection, analysis 
and interpretation of data; in the writing of the 
report; and in the decision to submit the article 
for publication. If the funding source(s) had 
no such involvement then this should be 
stated. 

Open access 

Once AUMJ is launched as an open access 
journal, articles are freely available to both 
subscribers and the wider public with 
permitted reuse. No Open Access publication 
fee. All articles published Open Access will 
be immediately and permanently free for 
everyone to read, download, distribute and 
copy the article, and to include in a collective 
work (such as an anthology), as long as they 
credit the author(s) and provided they do not 
alter or modify the article. 

The processing and publication fee 

No processing or publication fee is required.  

Language (usage and editing 
services) 

Please write your text in good English 
(American or British usage is accepted, but 
not a mixture of these). Authors who feel their 
English language manuscript may require 
editing to eliminate possible grammatical or 
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spelling errors and to conform to correct 
scientific English may wish to use any English 
Language Editing service available. The 
abstract content will be translated into Arabic 
to accompany the published manuscript as an 
Arabic Abstract. In case the author's mother 
language is not Arabic, the Journal will help 
preparing it. 

Submission 

Manuscript submission and follow up to this 
journal proceeds totally online through email 
communications (ajms@ju.edu.sa). Complete 
manuscript with tables and figures inserted 
within the text at their final place should be 
submitted as a single file in the two; word and 
PDF formats. The submission and copyright 
transfer form is available on request and is 
mandatory to hand fill, sign and date by all 
authors before any processing of the submitted 
material. The form is provided at the last page 
of every issue of AUMJ. Authors are 
encouraged to print and fill the form and 
submit alongside with the manuscript.    

Referees 

A minimum of six suitable potential reviewers 
(please provide their name, email addresses, 
title, institutional affiliation, and, ORCID or 
Scopus ID). When compiling this list of 
potential reviewers please consider the 
following important criteria: They must be 
knowledgeable about the manuscript subject 
area; must not be from your own institution; at 
least two of the suggested reviewers should be 
from another country than the authors'; and 
they should not have recent (less than four 
years) joint publications with any of the 
authors. However, the final choice of 
reviewers is at the editors' discretion. 
Excluding peer reviewers: During submission 
you may enter details of anyone who you 
would prefer not to review your manuscript. 

Types of submission and criteria 

Original Research Communications may be 
offered as Full Papers or as Short 
Communications. The latter format is 
recommended for presenting technical 
evaluations and short clinical notes, 
comprising up to 1,500 words of text, 15 
references, and two illustrative items (Tables 
and/or Figures). 

Case Reports will be accepted only where 
they provide novel insight into disease 

mechanisms, diagnostic, and management 
applications. 

Critical Reviews will be welcome but 
prospective authors are strongly advised to 
seek authorization from the Editor-in-Chief to 
avoid conflict with scheduled reviews invited 
by the Editorial Board. They should address 
new topics or trends in fields of the Journal 
Scope. 

Editorial and opinion pieces Please contact 
the Editor-in-Chief for consideration. 

PREPARATION 

NEW SUBMISSIONS 

Submit your manuscript as a single PDF file 
and a single Word document file, in any 
format or layout that can be used by referees 
to evaluate your manuscript. It should contain 
high enough quality figures for refereeing.  

References 

There are no strict requirements on reference 
formatting at submission. References can be 
in any style or format as long as the style is 
consistent. Where applicable, author(s) 
name(s), chapter title/article title, journal 
title/book title, year of publication, volume 
number-issue number/book chapter and the 
pagination must be present. Use of DOI is 
highly encouraged. The reference style used 
by the journal will be applied to the accepted 
article at the proof stage. Note that missing 
data will be highlighted at proof stage for the 
author to correct. 

Formatting requirements 

On initial submission, there are no strict 
formatting requirements but all manuscripts 
must contain the essential elements needed to 
convey your manuscript message; Title, 
Abstract, Keywords, Introduction, 
Materials/Patients and Methods, Results with 
Artwork, Figures and Tables with legends and 
titles (below the figure and on top of the table, 
respectively), Discussion, Limitations of the 
study and Future directions, Gain of 
Knowledge, Conclusions, Conflict of Interest, 
Acknowledgement (if any), and References. 
Upon final acceptance, the author(s) will be 
instructed to reformat their manuscript 
according to AUMJ format detailed below. 

If your article includes any Videos and/or 
other Supplementary material, this should be 
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included in your initial submission for peer 
review purposes. 

Divide the article into clearly defined sections 
with title, subtitles and sub-subtitles on 
separate lines whenever applicable. 

Figures and tables embedded in text. Please 
ensure the figures and the tables included in 
the single file are placed next to the relevant 
text in the manuscript. 

All standard and non-standard abbreviations 
should be define in full at the fist mention in 
the text and should be consistent throughout 
the paper.  

In the initial submission, it is advisable to 
have references in names (e.g., Smith et al, 
2014) within the text rather than numbering 
them. Revision and correction frequently 
necessitate dropping or inserting text with 
their references. Numbering references in that 
stage will create the problem of renumbering 
them is the text and list. 

ORIGINAL RESEARCH PAPER 
WRITING TEMPLATE 

Papers include original empirical data that 
have not been published anywhere earlier or is 
not under consideration for publication 
elsewhere (except as an abstract, conference 
presentation, or as part of a published lecture 
or academic thesis), and after accepted for 
publication it will not be submitted for 
publication anywhere else, in English. 
Null/negative findings and 
replication/refutation findings are also 
welcome. If a submitted study replicates or is 
very similar to previous work; authors must 
provide a sound scientific rationale for the 
submitted work and clearly reference and 
discuss the existing literature. Submissions 
that replicate or are derivative of existing 
work will likely be rejected if authors do not 
provide adequate justification. Studies, which 
are carried out to reconfirm/replicate the 
results of any previously published paper on 
new samples/subjects (particularly with 
different environmental and/or ethnic and 
genetic background) that produces new data-
set, may be considered for publication. But 
these types of studies should have a ‘clear 
declaration’ of this matter. The English 
language in submitted articles must be clear, 
correct, and unambiguous. No limits for the 
total number of words for articles of this type.  

Title page information 

Page 1 of the typescript should be reserved for 
the title, authors and their affiliation and 
addresses. 

Title. Concise, informative and reflects the 
study content. Titles are often used in 
information-retrieval systems. Avoid 
abbreviations and formulae where possible. 

Running Title: A shorter running title of no 
more than 55 letters including spaces should 
be provided.  

Author names and affiliations. Where the 
family name may be ambiguous (e.g., a 
double name), please indicate this clearly. 
Present the authors' affiliation addresses 
(where the actual work was done) below the 
names. Indicate all affiliations with a 
superscript Arabic number immediately after 
the author's name and in front of the 
appropriate address. Provide the full postal 
address of each affiliation, including the 
country name and the e-mail address and 
phone number (with country and area code) of 
each author.  

Corresponding author. The corresponding 
author should be indicated in addition with a 
superscript asterisk * immediately after 
his/her affiliation superscript Arabic number. 
The corresponding author will handle 
correspondence at all stages of refereeing, 
publication, and post-publication. Contact 
details must be kept up to date by the 
corresponding author. 

Present/permanent address. If an author has 
moved since the work described in the article 
was done, or was visiting at the time, a 
'Present address' (or 'Permanent address') may 
be indicated as a footnote to that author's 
name. The address at which the author 
actually did the work must be retained as the 
main, affiliation address. Superscript lower-
case letters are used for such footnotes. 

Abstract 

Page 2 of the typescript should be reserved for 
the abstract which should be presented in a 
structured format and should not exceed 350 
words. The following headings should be 
included for research articles followed by a 
colon: a) Background, b) 
Hypothesis/Objectives: c) Materials/Patients 
and Methods: d) Results: e) Conclusions 
(should be data justified). Suitable headings 
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could be used for other types of publications 
(Case reports, Review articles, etc). 

A concise and factual abstract is required. The 
abstract should state briefly the purpose of the 
research, the principal results and major 
conclusions. An abstract is often presented 
separately from the article, so it must be able 
to stand alone. For this reason, References 
should be avoided. Non-standard or 
uncommon abbreviations should be avoided, 
but if essential they must be defined at their 
first mention in the abstract itself. 

Keywords 

Immediately after the abstract, provide a 
maximum of 10 keywords for full papers, or 5 
keywords for Short Communications, using 
American spelling and avoiding general and 
plural terms and multiple concepts (avoid, for 
example, "and", "of"). Please use terms from 
the most current issue of medical subject 
headings of Index Medicus. The key words 
should cover precisely the contents of the 
submitted paper and should give readers 
sufficient information as to the relevance of 
the paper to his/her particular field. Be sparing 
with abbreviations: only abbreviations firmly 
established in the field may be eligible. These 
keywords will be used for indexing purposes. 

Introduction 

Provide adequate background that highlights 
the importance and gap information of your 
research point in relation to previous studies, 
but avoiding a detailed literature survey. State 
the hypothesis or rationale and objectives of 
the work and a brief description of how you 
planned to approach them. 

Materials or Patients and Methods 

Provide sufficient detail to allow the work to 
be reproduced, with details of supplier and 
catalogue number when appropriate. Methods 
already published should be indicated by a 
reference: only relevant modifications should 
be described. 

Patients and Normal Subjects 

If human participants were used in the 
experiment please make a statement to the 
effect that this study has been approved by 
your Institution Ethics Review Board for 
human studies (the number of the approval 
should be stated in the methods section and 
AUMJ may ask for submission of the original 

ethical approval with the manuscript), and, 
that patients or their custodians have signed an 
informed consent that also states right of 
withdrawal without any consequences. 
Sample sized should be appropriately 
calculated. The manuscript should describe 
how the size of the experiment was planned. If 
a sample size calculation was performed this 
should be reported in detail, including the 
expected difference between groups, the 
expected variance, the planned analysis 
method, the desired statistical power and the 
sample size thus calculated. For parametric 
data, variance should be reported as 95% 
confidence limits or standard deviations rather 
than as the standard error of the mean. Normal 
participants and patients criteria, inclusion and 
exclusion criteria should be stated. Name and 
address where the work was done and when it 
was done (time period, from …. to …..) 
should be clearly stated, too. 

Experimental animals 

When animals were used in the experiments, a 
local Institutional Ethics Review Board for 
animal studies should review and approve the 
experiment and that all animal procedures 
were in accordance with the standards set 
forth in guidelines for the care and use of 
experimental animals by Committee for 
Purpose of Supervision of Experiments on 
Animals (CPCSEA) and according to National 
Institute of Health (NIH) protocol. The precise 
species, strain, sub-strain and source of 
animals used should be stated. Where 
applicable (for instance in studies with 
genetically modified animals) the generation 
should also be given, as well as the details of 
the wild-type control group (for instance 
littermate, back cross etc). The manuscript 
should describe the method by which animals 
were allocated (randomized) to experimental 
groups, particularly for comparisons between 
groups of genetically modified animals 
(transgenic, knockout etc), the method of 
allocation to for instance sham operation or 
focal ischemia should be described. 

Experimental 

Provide sufficient detail to allow the work to 
be reproduced. Methods already published 
should be indicated by a reference: only 
relevant modifications should be described. 
Where and when the study was conducted 
should be stated.  
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Results 

Results should be clear and concise. Data 
should be presented in an appropriately 
organized tables, figures and/or artworks. The 
statistical analysis used should be suitable for 
the objectives of the study and type of data 
analyzed. Prospective authors are highly 
advised to consult a biostatician.  

Footnotes 

Footnotes should be used sparingly. For table 
footnotes, indicate each footnote in a table 
with a superscript lowercase letter or add them 
into the title. 

Graphical abstract 

A Graphical abstract is optional and should 
summarize the contents of the article in a 
concise, pictorial form designed to capture the 
attention of a wide readership online. Authors 
must provide images that clearly represent the 
work described in the article. Please provide 
an image with a minimum of 531 × 1328 
pixels (h × w) or proportionally more. The 
image should be readable at a size of 5 × 13 
cm using a regular screen resolution of 96 dpi. 
It is preferable to be inserted at its normal 
place to the relevant text or otherwise be 
submitted as a separate TIFF, EPS, PDF or 
MS Office files.  

Discussion 

This should explore the significance, 
interpretation and reasoning of the results of 
the work vs. other studies. Do not repeat 
describing the results in this section. A 
combined Results and Discussion section is 
acceptable. Avoid extensive citations and 
discussion of published literature. In the same 
time, avoid speculations without a supporting 
literature. Avoid discussion based on "Data 
not Shown" or "Personal Communications". 

Limitations and Future Prospective 

The authors may wish to pinpoint the 
limitations of the study and their reason and 
foresee the next step to go from their study. 
This may be presented in a short Limitations 
and Future Prospective section standing alone 
or as a separate paragraph in the Discussion or 
Results/Discussion section. 

Conclusions 

The main conclusions of the study may be 
presented in a short Conclusions section 
standing alone or as a separate paragraph at 

the end of the Discussion or 
Results/Discussion section. Conclusions 
should not be biased and should be based on 
the data, presented and discussed inside the 
manuscript only.  

Gain of Knowledge 

Following the conclusion section, it is 
mandatory for manuscripts submitted for final 
publication in AUMJ to have a Gain of 
Knowledge section that is consisted of 2 - 5 
bullet points (maximum 90 characters, 
including spaces, per bullet point) that convey 
the core findings of the article. 

Acknowledgements and Funding 

Collate acknowledgements in a separate 
section at the end of the article before the 
references. List individuals or organizations 
that provided help during the research (e.g., 
providing language help, writing assistance or 
proof reading the article, etc.). Whoever 
would be acknowledged should be informed 
and a verification for that could be requested 
by AUMJ Editor. If funded, the source of 
funding should be mentioned. 

Appendices 

If there is more than one appendix, they 
should be identified as A, B, etc. Formulae 
and equations in appendices should be given 
separate numbering: Eq. (A.1), Eq. (A.2), etc.; 
in a subsequent appendix, Eq. (B.1) and so on. 
Similarly for tables and figures: Table A.1; 
Fig. A.1, etc. 

CASE REPORT WRITING 
TEMPLATE 

Title. Include the words “case report” in the 
title. Describe the phenomenon of greatest 
interest (e.g., symptom, diagnosis, diagnostic 
test, intervention, and outcome). 

Abstract. Summarize the following 
information if relevant: 1) Rationale for this 
case report, 2) Presenting concerns (e.g., chief 
complaints or symptoms, diagnoses), 3) 
Interventions (e.g., diagnostic, preventive, 
prognostic, therapeutic exchange), 4) 
Outcomes, and 5) Main lesson(s) from this 
case report. 

Key Words. Provide 3 - 8 key words that will 
help potential readers search for and find this 
case report. 

Introduction. Briefly summarize the 
background and context of this case report. 
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Presenting Concerns. Describe the patient 
characteristics (e.g., relevant demographics - 
age, gender, ethnicity, occupation) and their 
presenting concern(s) with relevant details of 
related past interventions. 

Clinical Findings. Describe: 1) the medical, 
family, and psychosocial history including 
lifestyle and genetic information; 2) pertinent 
co-morbidities and relevant interventions 
(e.g., self-care, other therapies); and 3) the 
physical examination (PE) focused on the 
pertinent findings including results from 
testing. 

Timeline. Create a timeline that includes 
specific dates and times (table, figure, or 
graphic). 

Diagnostic Focus and Assessment. Provide an 
assessment of the; 1) diagnostic methods (e.g., 
PE, laboratory testing, imaging, 
questionnaires, referral), 2) diagnostic 
challenges (e.g., financial, patient availability, 
cultural), 3) diagnostic reasoning including 
other diagnoses considered, and, 4) prognostic 
characteristics (e.g., staging) where 
applicable. 

Therapeutic Focus and Assessment. Describe: 
1) the type(s) of intervention (e.g., preventive, 
pharmacologic, surgical, lifestyle, self-care) 
and 2) the administration and intensity of the 
intervention (e.g., dosage, strength, duration, 
frequency. 

Follow-up and Outcomes. Describe the 
clinical course of this case including all 
follow-up visits as well as 1) intervention 
modification, interruption, or discontinuation, 
and the reasons; 2) adherence to the 
intervention and how this was assessed; and 3) 
adverse effects or unanticipated events. In 
addition, describe: 1) patient-reported 
outcomes, 2) clinician-assessed and ‐reported 
outcomes, and 3) important positive and 
negative test results. 

Discussion. Please describe: 1) the strengths 
and limitations of this case report including 
case management, 2) the literature relevant to 
this case report (the scientific and clinical 
context), 3) the rationale for your conclusions 
(e.g., potential causal links and 
generalizability), and 4) the main findings of 
this case report: What are the take-away 
messages? 

Patient Perspective. The patient should share 
his or her experience pr perspective of the care 
in a narrative that accompanies the case report 
whenever appropriate. 

Informed Consent. Did the patient or their 
custodian give the author of this case report 
informed consent? Provide if requested . 

Case Report Submission Requirements: 1) 
Competing interests, are there any competing 
interests?, 2) Ethics Approval, Did an ethics 
committee or institutional review board 
review give approval? If yes, please provide if 
requested, 3) De‐Identification, Has all 
patient's related data been de-indentified? 

RANDOMIZED CLINICAL TRIALS 
WRITING TEMPLATE 

In this particular type of original study, 
individuals are randomly allocated to receive 
or not receive a preventive, therapeutic, or 
diagnostic intervention and then followed up 
to determine the effect of the intervention. All 
randomized clinical trials should include a 
flow diagram and authors should provide a 
completed randomized trial checklist (see 
CONSORT Flow Diagram and Checklist; 
http://www.consort-statement.org) and a trial 
protocol.  

Authors of randomized controlled trials are 
encouraged to submit trial protocols along 
with their manuscripts.  

All clinical trials must be registered (before 
recruitment of the first participant) at an 
appropriate online public that must be 
independent of for-profit interest, e.g.: 

 http://www.clinicaltrials.gov; 
 http://www.anzctr.org.au; 
 http://www.umin.ac.jp/ctr; 
 http://isrctn.org; 
 http://www.trialregister.nl/trialreg/index.a

sp).  

Each manuscript should clearly state an 
objective or hypothesis; the design and 
methods (including the study setting and 
dates, patients or participants with inclusion 
and exclusion criteria, or data sources, and 
how these were selected for the study); the 
essential features of any interventions; the 
main outcome measures; the main results of 
the study; a comment section placing the 
results in context with the published literature 

http://www.clinicaltrials.gov/
http://www.anzctr.org.au/
http://www.umin.ac.jp/ctr
http://isrctn.org/
http://www.trialregister.nl/trialreg/index.asp
http://www.trialregister.nl/trialreg/index.asp
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and addressing study limitations; and the 
conclusions.  

Data included in research reports must be 
original. A structured abstract not exceeding 
300 words is required. Clinical trials are 
limited to 2700 words (not including abstract, 
tables, figures, and references), 40 references, 
and no more than 5 tables and figures.  

REVIEW, MINIREVIEW AND META-
ANALYSIS PAPERS  

These papers will not have empirical data 
acquired by the authors but will include 
historical perspectives, analysis and 
discussion of papers published and data 
acquired in a specific area. 

Systematic reviews and meta-analyses are a 
particular type of original articles that perform 
systematic, critical assessment of literature 
and data sources pertaining to clinical topics, 
emphasizing factors such as cause, diagnosis, 
prognosis, therapy, or prevention. All articles 
or data sources should be searched for and 
selected systematically for inclusion and 
critically evaluated, and the search and 
selection process should be described in detail 
in the manuscript. The specific type of study 
or analysis, population, intervention, 
exposure, and tests or outcomes should be 
described for each article or data source. A 
structured abstract of less than 300 words is 
required. The text is limited to 3500 words 
(not including abstract, tables, figures, and 
references); about 4 tables (a flow diagram 
that depicts search and selection processes as 
well as evidence tables should be included) - 
and no reference limit. 

Minireview is a brief historical perspective, or 
summaries of developments in fast-moving 
areas covered within the scope of the journal. 
They must be based on published articles; 
they are not outlets for unpublished data. They 
may address any subject within the scope of 
the journal. The goal of the minireview is to 
provide a concise very up-to-date summary of 
a particular field in a manner understandable 
to all readers. 

SHORT COMMUNICATION AND 
SHORT RESEARCH ARTICLE 

Short Communications are urgent 
communications of important preliminary 
results that are very original, of high interest 
and likely to have a significant impact on the 

subject area of the journal. A Short 
Communication needs only to demonstrate a 
‘proof of principle’. Authors are encouraged 
to submit an Original Research Paper to the 
journal following their Short Communication. 
There is no strict page limit for a Short 
Communication; however, a length of 2500-
3500 words, plus 2-3 figures and/or tables, 
and 15-20 key references is advisable. Short 
Research Article may be smaller single-result 
findings as a brief summary that include 
enough information, particularly in the 
methods and results sections, that a reader 
could understand what was done. 

POLICY PAPER 

The purpose of the policy paper is to provide a 
comprehensive and persuasive argument 
justifying the policy recommendations 
presented in the paper, and therefore to act as 
a decision-making tool and a call to action for 
the target audience. 

COMMENTARIES/OPINION 
ARTICLES 

An opinion-based article on a topical issue of 
broad interest, which is intended to engender 
discussion. 

STUDY PROTOCOLS AND PRE-
PROTOCOLS 

AUMJ welcomes publishing protocols for any 
study design, including observational studies 
and systematic reviews. All protocols for 
randomized clinical trials must be registered 
and follow the CONSORT guidelines; ethical 
approval for the study must have been already 
granted. Study pre-protocols (i.e., discussing 
provisional study designs) may also be 
submitted and will be clearly labeled as such 
when published. Study protocols for pilot and 
feasibility studies may also be considered. 

METHOD ARTICLES 

These articles describe a new experimental or 
computational method, test or procedure, and 
should have been well tested. This includes 
new study methods, substantive modifications 
to existing methods or innovative applications 
of existing methods to new models or 
scientific questions. We also welcome new 
technical tools that facilitate the design or 
performance of experiments or operations and 
data analysis such as software and laboratory 
and surgical devices, or of new technologies 
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to assist medical diagnosis and treatment such 
as drug delivery devices. 

Maximum length of submissions 

Full length original research articles should 
not exceed 10000 words (maximum 60 
references), and up to 6 tables and/or figures.  

Short communications comprising up to 1800 
words of text, maximum 15 references, and 
two illustrative items (Tables and/or Figures). 

Letters and Case Reports (provide novel 
insight into disease mechanisms, diagnostic 
and management applications). Clinical 
Laboratory Notes (technical evaluation or 
important insight into analytical 
methodology), or Letters to the Editor 
(focused on a specific article that has appeared 
in Aljouf Medical Journal within 4 weeks of 
print issue date of article). For all 3 types of 
letters listed above, the text should not exceed 
600 words, with no abstract, a maximum of 1 
table or figure and up to 5 references.  

Review Articles, Surveys, Essays, and Special 
Reports may exceed the word and reference 
limit for Full-length articles as per the 
comprehensive nature of these articles. 
However, both of these articles (Reviews and 
Special Reports) will still require an abstract 
(unstructured, 350 word maximum).  

Editorials, Meeting summary, Commentaries, 
Book review and Opinion pieces will not 
require an abstract and will be limited to 2000 
words and up to 20 references. A book review 
is a brief critical and unbiased evaluation of a 
current book determined to be of interest to 
the journal audience. Publication of a 
submitted book review is at the discretion of 
the editor. 

Artwork 

General points 

Make sure you use uniform lettering and 
sizing of your original artwork. Preferred 
fonts: Arial (or Helvetica), Times New Roman 
(or Times), Symbol, Courier. Number the 
illustrations according to their sequence in the 
text. Use a logical naming convention for your 
artwork files. Indicate per figure if it is a 
single, 1.5 or 2-column fitting image. For 
Word submissions only, you may still provide 
figures and their captions, and tables within a 
single file at the revision stage.  

 

Formats 

Regardless of the application used, when your 
electronic artwork is finalized, please 'save as' 
or convert the images to one of the following 
formats (note the resolution requirements for 
line drawings, halftones, and line/halftone 
combinations given below). Please do not 
supply files that are optimized for screen use 
(e.g., GIF, BMP, PICT, WPG); the resolution 
is too low, supply files that are too low in 
resolution, and, submit graphics that are 
disproportionately large for the content. 

 EPS (or PDF): Vector drawings. Embed 
the font or save the text as 'graphics'. 

 TIFF (or JPG): Color or grayscale 
photographs (halftones): always use a 
minimum of 300 dpi. 

 TIFF (or JPG): Bitmapped line drawings: 
use a minimum of 1000 dpi. 

 TIFF (or JPG): Combinations bitmapped 
line/half-tone (color or grayscale): a 
minimum of 500 dpi is required. 

Color artwork 

Please make sure that artwork files are in an 
acceptable format (TIFF (or JPEG), EPS (or 
PDF), or MS Office files) and with the correct 
resolution. If, together with your accepted 
article, you submit usable color figures the 
Journal will ensure that these figures will 
appear in color on the Web regardless of 
whether or not these illustrations are 
reproduced in color in the printed version. 
Because of technical complications which can 
arise by converting color figures to 'gray scale' 
please submit in addition usable black and 
white versions of all the color illustrations. 

Figure captions 

Ensure that each illustration has a caption 
(Legend). A caption should comprise a brief 
title below the figure that describes its content 
and not to be general. Keep text in the 
illustrations themselves to a minimum but 
explain all symbols and abbreviations used in 
the legend. Figure caption should stand for 
itself (self-explanatory) without the need for 
consulting the text.   

Tables 

Number tables consecutively in accordance 
with their appearance in the text. Place 
footnotes to tables below the table body and 
indicate them with superscript lowercase 
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letters within the table. If necessary, such 
footnotes could be placed at the end of the 
table title. Avoid vertical rules. Be sparing in 
the use of tables and ensure that the data 
presented in tables do not duplicate results 
described elsewhere in the article (Figures or 
text). The table caption (Title) should be brief 
but describes its content and not to be general. 
Explain all symbols and abbreviations used in 
the table in the footnote. Table title should 
stand for itself (self-explanatory) without the 
need for consulting the text. The table 
structure should be scientifically organized 
(columns and rows) and its message should be 
easily comprehendible.   

The Editor-in-Chief, on accepting a 
manuscript, may recommend that additional 
tables and/or graphs containing important 
backup data, too extensive to be published in 
the article, may be published as 
supplementary material. In that event, an 
appropriate statement will be added to the 
text. However, the author should submit such 
material for consideration with the 
manuscript. 

References 

References cited should be relevant, up-to-
date and adequately cover the field without 
ignoring any supportive or conflicting 
publications. Please ensure that every 
reference cited in the text is also present in the 
reference list (and vice versa). If present, 
unpublished results and personal 
communications may be mentioned in the text 
and not in the reference list. Citation of a 
reference as 'in press' implies that the item has 
been accepted for publication, and shows up 
on PubMed literature search or a copy of the 
title page of the relevant article must be 
submitted. DOI of the references - whenever 
applicable should be presented.   

Reference management software 

This journal has standard templates available 
in key reference management packages 
EndNote 
(http://www.endnote.com/support/enstyles.asp
) and Reference Manager 
(http://refman.com/support/rmstyles.asp). 
Using plug-ins to word processing packages, 
authors only need to select the appropriate 
journal template when preparing their article 
and the list of references and citations to these 

will be formatted according to the journal 
style, which is described below. 

Reference formatting 

There are no strict requirements on reference 
formatting at submission but should be 
consistent, complete and up-to-date. Where 
applicable, author(s) name(s), chapter 
title/article title, journal title/book title, year of 
publication, volume number-issue 
number/book chapter and the pagination must 
be present. For the book reference, the edition 
number, editors (if they are not the authors), 
publisher and its main address (City and 
Country) should be added as described below 
in the example. The reference style used by 
the journal should be applied to the accepted 
article at the proof stage. Note that missing 
data will be highlighted at proof stage for the 
author to correct. Use peer-reviewed 
references only except for national and 
international organizational reporting and 
registers. If you do wish to format the 
references yourself they should be arranged 
according to the following examples:  

Reference style 

Indicate references by number(s) in curved 
brackets as a bolded superscript at the end of 
the cited text(s) before the full stop, e.g., 
………. shorter hospital stay and lower 
cost(20). The actual authors can be referred to, 
but the reference number(s) must always be 
given. Number the references in the list in the 
order in which they appear in the text. The 
authors list should not be shortened, all 
authors’ names should be mentioned. For 
further details you are referred to 'Uniform 
Requirements for Manuscripts submitted to 
Biomedical Journals' (J Am Med Assoc 1997; 
277: 927-34) (see also 
http://www.nlm.nih.gov/bsd/uniform_require
ments.html).  

Examples: 

Reference to a journal publication: Format 
your journal publications according to the 
following examples depending on whether; 1) 
It is already published with specific page 
numbers, 2 and 3) It is already published with 
article ID number and pages from 1 to …, or 
4) It is published put ahead of print. 

1. Van der Geer J, Hanraads JAJ, Lupton 
RA. The art of writing a scientific article. 
J. Sci. Commun., 2010;163(1):51-9. 

http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.nlm.nih.gov/bsd/uniform_requirements.html
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2. Leta S, Dao TH, Mesele F, Alemayehu G. 
Visceral Leishmaniasis in Ethiopia: An 
Evolving Disease. PLoS Negl Trop Dis., 
2014; 8(9):e3131;1-7. 

3. Arjmand MH, Ahmad Shah F, Saleh 
Moghadam M, Tara F, Jalili A, Mosavi 
Bazaz M, Hamidi Alamdari D. 
Prooxidant-antioxidant balance in 
umbilical cord blood of infants with 
meconium stained of amniotic fluid. 
Biochem Res Int., 
2013;2013:ID270545;1-4. 

4. Teferra RA, Grant BJ, Mindel JW, Siddiqi 
TA, Iftikhar IH, Ajaz F, Aliling JP, Khan 
MS, Hoffmann SP, Magalang UJ. Cost 
minimization using an artificial neural 
network sleep apnea prediction tool for 
sleep studies. Ann Am Thorac Soc., 2014 
Jul 28 (Epub ahead of print). 

Reference to a book: Strunk Jr W, White EB 
(Editors). The elements of style, 4th Edition, 
Longman, New York; 2000, pp. 210-9. 

Reference to a chapter in an edited book: 
Mettam GR, Adams LB. How to prepare an 
electronic version of your article. In: Jones 
BS, Smith RZ (Editors), Introduction to the 
electronic age, 1st Edition, E-Publishing Inc., 
New York, 2009, Chapter 2: pp. 281-304. 

Reference to a homepage: It is acceptable to 
refer to an Organizational Guidelines, 
Reports, Forms, Data sheets, Questionnaires, 
etc. It should follow the following format. 
World Health Organization. Non-
communicable Diseases (NCD) Country 
Profile, 2014 
(http://www.who.int/globalcoordinationmecha
nism/publications/ncds-country-profiles-
eng.pdf; last accessed June, 3, 2015).  

Journal abbreviations source 

Journal names should be abbreviated 
according to the List of Title Word 
Abbreviations: 
http://www.issn.org/services/online-
services/access-to-the-ltwa/. 

Abbreviations and units 

Standard abbreviations as listed in the Council 
of Biology Editors Style Manual may be used 
without definition. Use non-standard 
abbreviations sparingly, preceding their first 
use in the text with the corresponding full 
designation. Use units in conformity with the 
standard International System (SI) of units. 

Video data 

The journal accepts video material and 
animation sequences to support and enhance 
your scientific research. Authors who have 
video or animation files that they wish to 
submit with their article are strongly 
encouraged to include links to these within the 
body of the article. This can be done in the 
same way as a figure or table by referring to 
the video or animation content and noting in 
the body text where it should be placed. All 
submitted files should be properly labeled so 
that they directly relate to the video file's 
content. In order to ensure that your video or 
animation material is directly usable, please 
provide the files in one of our recommended 
file formats with a preferred maximum size of 
50 MB. Video and animation files supplied 
will be published online in the electronic 
version of your article. Since video and 
animation cannot be embedded in the print 
version of the journal, please provide text for 
both the electronic and the print version for 
the portions of the article that refer to this 
content. 

AudioSlides 

AUMJ encourages authors to create an 
AudioSlides presentation with their published 
article as supplementary material. This gives 
authors the opportunity to summarize their 
research in their own words and to help 
readers understand what the paper is about. 
Authors of this journal will automatically 
receive an invitation e-mail to create an 
AudioSlides presentation after acceptance of 
their paper. 

Supplementary data 

AUMJ accepts electronic supplementary 
material to support and enhance your 
scientific research. Supplementary files offer 
the author additional possibilities to publish 
supporting applications, high-resolution 
images, background datasets, sound clips and 
more. Supplementary files supplied will be 
published online alongside the electronic 
version of your article. In order to ensure that 
your submitted material is directly usable, 
please provide the data in one of our 
recommended file formats. Authors should 
submit the material in electronic format 
together with the article and supply a concise 
and descriptive caption for each file.  
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Supplementary material captions 

Each supplementary material file should have 
a short caption which will be placed at the 
bottom of the article, where it can assist the 
reader and also be used by search engines. 

THE COPYRIGHTS 

The copyrights of all papers published in this 
journal are retained by the respective authors 
as per the 'Creative Commons Attribution 
License' 
(http://creativecommons.org/licenses/by/3.0/). 
The author(s) should be the sole author(s) of 
the article and should have full authority to 
enter into agreement and in granting rights to 
the journal, which are not in breach of any 
other obligation. The author(s) should ensure 
the integrity of the paper and related works. 
Authors should mandatorily ensure that 
submission of manuscript to AUMJ would 
result into no breach of contract or of 
confidence or of commitment given to 
secrecy. 

Submission checklist 

The following list will be useful during the 
final checking of an article prior to sending it 
to the journal for review. Please consult this 
Guide for Authors for further details of any 
item. 

To avoid unnecessary errors you are strongly 
advised to use the 'spell-check' and 'grammar-
check' functions of your word processor. 

Ensure that the following items are present: 

One author has been designated as the 
corresponding author with contact details for 
all authors: 

 E-mail address. 
 Full postal address. 
 Telephone. 

All necessary files have been uploaded, and 
contain: 

 Keywords. 
 All figures and their captions. 
 All tables (including title, description, 

footnotes). 

Further considerations: 

 Manuscript has been 'spell-checked' and 
'grammar-checked'. 

 All references mentioned in the Reference 
list are cited in the text, and vice versa. 

 Permission has been obtained for use of 
copyrighted material from other sources 
(including the Web).  

 Color figures are clearly marked as being 
intended for color reproduction on and in 
print, or to be reproduced in color 
electronically and in black-and-white in 
print. 

PEER REVIEW PROCESS 

High quality manuscripts are peer-reviewed 
by minimum of two peers of the same field 
along with a biostatician in the case the study 
requires. Pre-reviewing advice and help will 
be provided by the Editor-In-Chief on first 
submission for initial improvements to 
meeting the minimum criteria of peer-
reviewing. The journal follows strict double 
blind fold constructive review policy to ensure 
neutral evaluation. During this review process 
identity of both the authors and reviewers are 
kept hidden to ensure unbiased evaluation. A 
cycle of one-month reviewing process is the 
target of the journal from submission to final 
acceptance. For meeting this goal, the Editor-
In-Chief is expecting strict compliance from 
author hastening corrections and replying 
editorial requests. Continuous post-publication 
open peer reviewing is highly encouraged 
through submitting comments to the Editor on 
any of the published article that will show up 
with author reply in the subsequent issue to 
the journal.  

The reviewers’ comments are sent to authors 
once received. With the help of the reviewers’ 
comments, FINAL decision (accepted or 
accepted with minor revision or accepted with 
major revision or rejected) will be sent to the 
corresponding author. Reviewers are asked if 
they would like to review a revised version of 
the manuscript. The editorial office may 
request a re-review regardless of a reviewer's 
response in order to ensure a thorough and fair 
evaluation. 

In order to maintain this journal’s mission of 
one-month publication cycle, authors are 
encouraged to submit the revised manuscript 
within one week of receipt of reviewer’s 
comment (in case of minor corrections). 
However, revised manuscript submission 
should not go beyond 2 weeks (only for the 
cases of major revision which involves 
additional experiment, analysis etc.). Along 
with corrected manuscript authors will be 
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requested to submit filled a point-by-point 
answers to the reviewers' comments and any 
rebuttal to any point raised. The Editor-In-
Chief of the journal will have exclusive power 
to take final decision for acceptance or 
rejection during any dispute. 

Under special circumstance, if the review 
process takes more time, author(s) will be 
informed accordingly. The editorial board or 
referees may re-review manuscripts that are 
accepted pending revision. Manuscripts with 
latest and significant findings will be handled 
with the highest priority so that it could be 
published within a very short time. The 
journal is determined to promote integrity in 
research publication. In case of any suspected 
misconduct, the journal management reserves 
the right to re-review any manuscript at any 
stages before final publication. 

Our massage to AUMJ potential reviewers 
says “Although the Manuscript General 
Evaluation Form is attached, we like to 
instigate a policy of constructive reviewing 
and to do our best to make the submitted 
manuscripts publishable - provided that it is 
genuine and contain no major frauds of 
republication, duplicate use of self data or 
plagiarism of intellectual properties of the 
others. Please, make your changes and insert 
your corrections, comments and suggestions 
directly into the manuscript text but in a 
different color. Please also make sure that the 
author(s) presented an inclusive and updated 
list of genuine references, applied proper 
statistics and extracted justified conclusions”. 

PATIENT CONSENT FORM 

Date: ………………... 

Place: ………………. 

Title of the article  

Name of the Author(s)  

Patient’s name:  

I give my consent for this material to be 
published in Aljouf University Medical 
Journal and associated publications without 
limit on the duration of publication.  

I understand that the material will be 
published in Aljouf University Medical 
Journal will be included in any reprints of the 
published article. I understand that my name 
will not be included in the published article, 
and that every effort will be made to keep my 

identity anonymous in the text and in any 
images. However, I understand that complete 
anonymity and control of all uses cannot be 
guaranteed. 

Signed: ……………… 

Full name of the relative: …….......... 

Relation: ………………. 

Patient’s Name and Contact Address  

Corresponding Author’s Name and 
Contact Address 

 

Alternative: 

I have been offered the opportunity to preview 
the material in the format it will eventually 
appear and I am satisfied with it. 

Signed: …..………….. 

Full Name of the Patient: ……..………. 

Manuscript General Revision Form 

The Manuscript Assigned Number and 
Title: …….. 

The Decision: Should AUMJ publish 
the manuscript? Please, check the 
appropriate box. 

Yes, without any 
revision:  

Accepted 
 

Yes, with minor 
revision and 
alterations:  

Accepted with 
revision 

 

Yes, with major 
revision and 
alterations: 

Re-Evaluation 
after substantial 

revision 

 

No, this manuscript 
should be denied 
publication:  

Denied 
 

Justification for Decision & Feedback 
for the Author (REQUIRED): AUMJ 
recommends the reviewer to introduce such 
justifications and feedback into the text at the 
appropriate places within the manuscript 
(Specific and Comprehensive 
Revision). 

Note to the Editor (WELCOMED): AUMJ 
welcomes reviewer writing a note to the 
Editor including conflict of interest that will 
not be disclosed to the Author(s).  

Although the following manuscript general 
evaluation form is sent to reviewers, AUMJ 
asks the reviewer for further meticulous one-
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word-at-a-time revision, please. Please insert 
corrections, changes, suggestions, questions, 
comments and points of deficiency directly 
into the manuscript text but in a different 
color. Also, please do not worry much for the 
formatting. 

The Manuscript Evaluation Score: 
Please, score the manuscript from 0 to 4 
(highest) for each of the following items, and 
sum the total score. Please, also check if the 
statistics of the results require revision.  

Items        Scores 0 1 2 3 4 
Item 
Score 

The Study is a 
Priority 
Problem 

      

Originality       

Significance of 
the Work 

      

Research 
Design  

      

Quality and 
Clarity of the 
English Writing 

      

Standard and 
Reproducible 
Methodology 

      

Results 
Presentation and 
Appropriate 
Statistics 

      

Relevant 
Discussion and 
Justified 
Conclusions 

      

Tables/ 
Illustrations/ 
Figures 

      

References: 
Inclusive and 
Updated 

      

Total score   

Requires Statistical 
Revision (Mark Please) 

Yes No 

 

 

 

AFTER ACCEPTANCE 

Online proof correction 

Corresponding authors will receive an e-mail 
with annotation for correction of MS format 
proofs and resend the corrected version. All 
instructions for proofing will be given in the 
e-mail we send to authors. We will do 
everything possible to get your article 
published quickly and accurately - please 
upload all of your corrections within 48 hours. 
It is important to ensure that all corrections are 
sent back to us in one communication. Please 
check carefully before replying, as inclusion 
of any subsequent corrections cannot be 
guaranteed. Proofreading is solely your 
responsibility.  

Offprints 

The corresponding author, at no cost, will be 
provided with a PDF file of the article via 
email (the PDF file is a watermarked version 
of the published article and includes a cover 
sheet with the journal cover image and a 
disclaimer outlining the terms and conditions 
of use). For an extra charge, paper offprints 
can be ordered via the offprint order form, 
which is sent once the article is accepted for 
publication. Both corresponding and co-
authors may order offprints at any time. 

AUTHOR INQUIRIES 

For inquiries relating to the submission and 
follow up of review and proof correction of an 
article, please email us.  

ABSTRACTING and INDIXENG 

It is in processing since membership in such 
Data Bases and organizations requires 
precedential publication of a few issues of the 
journal. 
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Manuscript Submission and Copyright Transfer Form 

Newly submitted manuscript should be accompanied with this form. The form must be fully and 

accurately completed and signed by all authors before final acceptance. Scan the form and send it 

as an email attachment to AJMS@ju.edu.sa.   

By signing this form, I/We accept and/or certify of the following information: 
1. I/We reviewed and approved the version submitted as a valid work. 

2. I/We acknowledged all related direct and indirect source of grant, financial and material supports 

and got appropriate written permission for data used in the manuscript. 

3. I/We certify that the manuscript had not been previously published or is currently under 

consideration for publication elsewhere. 

4. I/We attest that, upon Editor's request, I/We will provide the data/information on which the 

manuscript is bases for examination by the Editor or his assignees. 

5. I/We have participated sufficiently in the work to take public responsibility for all or part of the 

content. My intellectual contribution was in the form of (please, put author number beside the 

suitable activity): 

a. Concept and design. 

b. Acquisition of data. 

c. Analysis of data. 

d. Drafting the article. 

e. Critically revising the article. 

6. I/We agree that the authors mentioned are my/our coauthors in the sequence presented and that the 

named corresponding author shall be the sole correspondent with the Editorial Office in all matters 

related to this submission including review and correction of the final proof after which no 

substantial changes will be allowed. 

7. To the best of my knowledge, I/We have specified the nature of all potential conflicts of interest. 

For authors that have nothing to declare, they should state it explicitly. 

8. I/We hereby transfer all copyright ownership (preprinting, reprinting, republishing and translating in 

whole or in part in any format) to the Journal, in event that such work is published by the Journal, 

and I/We authorize the corresponding author to make the changes as per request of the Journal as 

the guarantor for the manuscript and to execute the Journal Publishing Agreement on our behalf. 

9. If I am named as the corresponding author, I additionally certify that:  

a. All individuals who meet the criteria for authorship are included as authors. 

b. The version submitted is the version that all authors have approved. 

c. Written permission has been received by all individuals named in Acknowledgment section. 

Manuscript Assigned Number: ………………………………. 

Title:…………………………………………………………………………………………………………

…………………………………………………………………………………… 

Author(s) List (in order; Please encircle the Corresponding Author):                                                                                              

# Name:                                    Signature: # Name:                                                   Signature: 
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3  8  
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