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MANUSCRIPTS 

INSTRUCTIONS FOR AUTHORS 

Manuscripts containing original material are accepted 
for consideration if neither the article nor any part of 
its essential substance, tables, or figures has been or 
will be published or submitted elsewhere before 
appearing in the Journal. This restriction does not apply 
to abstracts or press reports published in connection 
with scientific meetings. Copies of any closely related 
manuscripts must be submitted along with the 
manuscript that is to be considered by the Journal. 
Authors of all types of articles should follow the 
general instructions given below. Please see Types of 
Articles for specific word counts and instructions. 

 
SUBMISSION 

 Only online submission is acceptable. Please 
submit online at: http://www.aryajournal.ir 

 Manuscripts should be divided into the 
following sections: (1) Title page, (2) Abstract and 
Keywords, (3) Introduction, (4) Methods, (5) 
Results, (6) Discussion, (7) Acknowledgements, 
(8) Authors contribution, (9) References, (10) 
Figures’ legend, (11), Tables and (12) Appendices. 
Figures should be submitted in separate files using 
JPEG or TIF format. 

 Prepare your manuscript text using a Word 

processing package (save in .doc or .rtf format 

NOT .docx). Submissions of text in the form of 

PDF files are not permitted. 
 
COVER LETTER 
A covering letter signed by corresponding author 
should provide full contact details (include the address, 
telephone number, fax number, and Email address). 
Please make clear that the final manuscript has been 
seen and approved by all authors, and that the 
authors accept full responsibility for the design and 
conduct of the study, had access to the data, and 
controlled the decision to publish. There should also 
be a statement that the manuscript is not under 
submission elsewhere and has not been published 
before in any form. 

 
AUTHORSHIP 
As stated in the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals, credit for authorship 
requires substantial contributions to: (a) conception and 
design, or analysis and interpretation of data; (b) the 
drafting of the article or critical revision for important 
intellectual content and (c) final approval of the 
version to be published. Authors should meet 
 

conditions a, b and c. All authors must sign authorship 
form attesting that they fulfill the authorship criteria. 
Your submitted manuscript will not be processed 
unless this form is sent. There should be a statement 
in manuscript explaining contribution of each author 
to the work. Those contributors who did not fulfill 
authorship criteria should be listed in 
acknowledgments. 
Any change in authorship after submission must be 
approved in writing by all authors. 
 
ASSURANCES 
In appropriate places in the manuscript please provide 
the following items: 

 If applicable, a statement that the research 
protocol was approved by the relevant institutional 
review boards or ethics committees and that all 
human participants gave written informed consent 

 The source of funding for the study 
 The identity of those who analyzed the data 

 Financial disclosure or a statement indicating 
“None” is necessary. 

 
TITLE PAGE 
With the manuscript, provide a page giving the title of 
the paper; titles should be concise and descriptive (not 
declarative). Title page should include an abbreviated 
running title of 40 characters, the names of the 
authors, including the complete first names and no 
more than two graduate degrees, the name of the 
department and institution in which the work was 
done, the institutional affiliation of each author. The 
name, post address, telephone number, fax number, 
and Email address of the corresponding author should 
be separately addressed. Any grant support that 
requires acknowledgment should be mentioned on 
this page. Word count of abstract and main text as well 
as number of tables and figures and references should 
be mentioned on title page. If the work was derived 
from a project or dissertation, its code should also be 
stated. For clinical trials, a registry number like Iranian 
Registry of Clinical Trials (IRCT) should also  
be provided. 

 
Affiliation model: Academic Degree, Department, 
Institute, City, Country 
Example: Associate Professor, Department of 
Cardiology, School of Medicine, Isfahan University of 
Medical Sciences, Isfahan, Iran 
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ABSTRACT 
Provide on a separate page an abstract of not more 
than 300 words. This abstract should consist of four 
paragraphs, labeled Background, Methods, 
Results, and Conclusion. They should briefly 
describe the problem being addressed in the study, 
how the study was performed, the salient results, 
and what the authors conclude from the results, 
respectively. Three to 10 keywords may be included. 
Keywords are preferred to be in accordance with 
MeSH terms. Find MeSH terms: 
http://www.ncbi.nlm.nih.gov/mesh 

 
CONFLICT OF INTEREST 
Authors of research articles should disclose at the 
time of submission any financial arrangement they 
may have with a company whose product is pertinent 
to the submitted manuscript or with a company 
making a competing product. Such information will 
be held in confidence while the paper is under review 
and will not influence the editorial decision, but if 
the article is accepted for publication, a disclosure 
will appear with the article. 
Because the essence of reviews and editorials is selection 
and interpretation of the literature, the Journal expects 
that authors of such articles will not have any significant 
financial interest in a company (or its competitor) that 
makes a product discussed in the article. 

 
REVIEW AND ACTION 
Submitted papers will be examined for the evidence 
of plagiarism using some automated plagiarism 
detection service. Manuscripts are examined by 
members of the editorial staff, and two thirds are sent 
to external reviewers. We encourage authors to suggest 
the names of possible reviewers, but we reserve the 
right of final selection. Communications about 
manuscripts will be sent after the review and 
editorial decision-making process is complete. 
After acceptance, editorial system makes a final 
language and scientific edition. No substantial 
change is permitted by authors after acceptance. It 
is the responsibility of corresponding author to 
answer probable questions and approve final 
version. 

 
COPYRIGHT 
Isfahan Cardiovascular research Institute (ICRI) is the 
owner of all copyright to any original work published by the 
ARYA Journal. Authors agree to execute copyright transfer 
forms as requested with respect to their contributions 
accepted by the Journal. The ICRI have the right to use, 
reproduce, transmit, derive works from, publish, and 
distribute the contribution, in the Journal or otherwise, in 
any form or medium. Authors will not use or authorize the 
 

use of the contribution without the Journal Office’ written 
consent 
 
JOURNAL STYLE 
 

Use normal page margins (2.5 cm), and double-space 
throughout. 

Tables 
Double-space tables and provide a title for each. 

Figures 
Figures should be no larger than 125 (height) x 180 
(width) mm (5 x 7 inches) and should be submitted in 
a separate file from that of the manuscript. The name 
of images or figures files should be the same as the 
order that was used in manuscript (fig1, fig2, etc.). 
Only JPEG, TIF, GIF and EPS image formats are 
acceptable with CMYK model for colored image at a 
resolution of at least 300 dpi. Graphs must have the 
minimum quality: clear text, proportionate, not 3 
dimensional and without disharmonic language. 
Electron photomicrographs should have internal scale 
markers. 
If photographs of patients are used, either the subjects 
should not be identifiable or the photographs should be 
accompanied by written permission to use them. Permission 
forms are available from the Editorial Office. 
Medical and scientific illustrations will be created or 
recreated in-house. If an outside illustrator creates 
the figure, the Journal reserves the right to modify 
or redraw it to meet our specifications for 
publication. The author must explicitly acquire all 
rights to the illustration from the artist in order for 
us to publish the illustration. Legends for figures 
should be an editable text as caption and should 
not appear on the figures. 

References 
The Vancouver style of referencing should be used. 
References must be double-spaced and numbered as 
superscripts consecutively as they are cited. References 
first cited in a table or figure legend should be 
numbered so that they will be in sequence with 
references cited in the text at the point where the 
table or figure is first mentioned. List all authors when 
there are six or fewer; when there are seven or more, 
list the first six, then “et al.” In the following some 
examples are listed: 
 

1. McLaughlin TJ, Aupont O, Bambauer KZ, Stone P, 
Mullan MG, Colagiovanni J, et al. Improving 
psychologic adjustment to chronic illness in cardiac 
patients. The role of depression and anxiety. J Gen 
Intern Med 2005; 20(12): 1084-90. 

2. Bonow RO, Mann DL, Zipes DP, Libby P. 
Braunwald's Heart Disease E-Book: A Textbook of 
Cardiovascular Medicine. 7th ed. Philadelphia, PA: 
Elsevier Health Sciences; 2007. p. 1976, 1981, 1982. 
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3. Gaston M. The psychological care of patients 
following a myocardial infarction [Online]. 2003; 
Available from: URL: 
http://www.nursingtimes.net/the-psychologicalcare- 
of-patients-following-a- 
myocardialinfarction/199464.article/ 

Units of Measurement 
Authors should express all measurements in 
conventional units, with Système International (SI) 
units given in parentheses throughout the text. Figures 
and tables should use conventional units, with 
conversion factors given in legends or footnotes. In 
accordance with the Uniform Requirements, however, 
manuscripts containing only SI units will not be 
returned for that reason. 

Abbreviations 
Except for units of measurement, abbreviations are 
discouraged. Consult Scientific Style and Format: The 
CBE Manual for Authors, Editors, and Publishers 
(Sixth edition. New York: Cambridge University Press, 
1994) for lists of standard abbreviations. Except for 
units of measurement, the first time an abbreviation 
appears, it should be preceded by the words for which 
it stands. 
Drug Names 
Generic names should generally be used except for 
studies on comparative effects of different brands. 
When proprietary brands are used in research, include 
the brand name and the name of the manufacturer in 
parentheses in the Methods section. 

 

For any more detail about the writing style for your 
manuscripts refer to: 

http://www.icmje.org 
Try to prepare your manuscript in accord with the 
scientific writing checklists available in EQUATOR 
Network: 

http://www.equator-network.org 
 
AFTER YOUR SUBMISSION 
When a manuscript arrives to ARYA office, a staff 
member checks it to make sure that all materials 
required for submission are included. If everything is 
present, the article is registered in office and referred 
to the managing editor. 
The first step the manuscript makes on its editorial 
journey is on the desk of the editor-in-chief, who 
reviews each submission (in his absence this is done 
by the managing editor) and decides on the basis of its 
general content whether it is appropriate even for 
consideration for publication. Each of the remaining 
scientific manuscripts is assigned to an associate editor 
with expertise in the subject area covered by the 
study, who makes an independent assessment of 
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Abstract 

BACKGROUND: The low physical activity (LPA) more or less affects every community. Because 
of high prevalence of cardiovascular diseases in Iran and their relationship with LPA, this study 
aimed to measure precisely the epidemic size of LPA and determine its relationship with six 
other coronary artery disease (CAD) risk factors among an urban population aged 15 to 75 years 
in Kerman, Iran. 

METHODS: Using household survey, 5895 adults were randomly recruited through single-stage 
cluster sampling from 250 postal codes. Demographic characteristics, blood pressure, blood 
glucose, cholesterol, triglyceride, smoking, opium use, mental status and physical activities at 
work, rest and recreation were assessed and ranked as low, moderate and intense. Adjusted 
odds ratio (AOR) was reported as a measure of the relationship between LPA and other CAD 
risk factors. 

RESULTS: The prevalence of low, moderate, and intense physical activity were 42.1%  
(40.3-43.9), 45.0% (43.6-47.4) and 12.4% (11.1-13.9), respectively. LPA showed a sudden rise 
from 36.8% to 45.4% after the age of 25 years. On average, women had less physical activity 
than men (45.1% vs. 39.2%, P = 0.01). Participants with low physical activity compared to those 
without physical activity had significantly higher chance of anxiety [odds ratio 1.39; confidence 
interval (95% CI) 1.08-1.79; P = 0.01], hypertension (1.59; 1.08-2.35; P = 0.02), hyper-
cholesterolemia (1.37; 1.06-1.76; P = 0.02), cigarette smoking (1.52; 1.07-2.11; P = 0.01), opium 
addiction (1.47; 1.07-2.02; P = 0.02) and overweight/obesity (1.34; 1.05-1.71; P = 0.02). 

CONCLUSION: LPA was very common in the studied population and almost half of the adults 
were at risk for CAD because of insufficient level of physical activity. Such risky life-style pattern 
makes the emerging of CAD epidemic unavoidable, if effective interventions not being in place 
timely to this community. 

 

Keywords: Physical Activity, Coronary Artery Disease, Urban Population, Kerman, Iran 
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Introduction 
According to the report from World Health 
Organization (WHO), cardiovascular diseases 
account for almost 30% of overall deaths all around 
the world.1 In developing countries, 80% of deaths 
are because of cardiovascular diseases mostly due to 
change in life style, increase in urbanism and lack of 
intervention plans in these countries.2 Although 

Iran is not among countries with highest 
cardiovascular mortality rates, the change in life 
style and aging might lead to a huge increase in 
cardiovascular diseases in the near future. In a 
national project that measured the burden of 
diseases in 2003, ischemic heart diseases accounted 
for the most burden of diseases in Iranian 
population.3 
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Based on the definition of WHO, physical 
activity is any type of body movement produced by 
skeletal muscles that requires energy expenditure. 
Physical activity does not inclusively mean doing a 
sport. In fact, all kind of activities including a body 
movement such as working, playing, training, 
housekeeping and recreational activities should be 
accounted.4 Low physical activity is accounted as 
the fourth cause of mortality and morbidity in the 
world. It also accounts for 27% of diabetes and 
30% of ischemic heart diseases. Regular physical 
activity in adults decreases hypertension, coronary 
artery diseases (CAD), strokes, diabetes, and colon 
and breast cancers.4 

Unlike some cardiovascular risk factors which 
have mostly genetic basis and are not modifiable 
(e.g. hypertension and hyperlipidemia), low physical 
activity could be decreased and removed by a 
proper planning, change in attitude and behavior. In 
a research carried out to measure the lipid and 
glucose of Tehran’s population, Iran, only 30% of 
the participants had enough physical activity.5 Based 
on the findings of the third round of CAD 
surveillance of risk factors conducted in 2006, 40% 
of Iranian adults had low physical activities.6 

With a population of 2,990,000 (based on a 
census carried out in 2011), Kerman province 
constitutes 3.9% of Iran's population.7 According to 
the data given by the third national surveillance of 
risk factors of non-communicable diseases (NCDs), 
obesity and overweight increased from 39% in 2003 
to 42% in 2006 in this province.6 Only a few studies 
have examined the relationship between CAD risk 
factors and physical activity in Iran.5 In a study 
carried out on cardiovascular risk factors in 
Semnan, Iran, physical activity was not taken into 
consideration.8 Few researches focused on the 
physical activity of their participants, and they were 
only limited to specific hours instead of the whole 
day. For example, in a large study performed on the 
glucose and lipid of Tehran’s population, only 
physical activity in leisure time was addressed.5 

Here, we included all types of physical activities 
at work, daily commute, recreational and sport-
related activities. We also addressed less routine 
CAD risk factors including anxiety, depression and 
opium use along with ordinary risk factors of 
obesity, hypertension, hyperlipidemia, high blood 
glucose and smoking status in the study. None of 
the previous cross sectional studies at local or 
national level assessed psychological status or 
opium addiction as CAD risk factor. 

The objective of this paper was to 

comprehensively describe the prevalence and 
pattern of low physical activity by age, sex, 
education and occupation subgroups, and also to 
estimate the association of other CAD risk factors 
with individual level of physical activity. 

Materials and Methods 

The present paper is a sub-analysis of data collected 
in a study which focused on the risk factors of 
CADs (i.e. Kerman Coronary Artery Disease Risk 
Factor Study; KERCADRS). It was carried out on 
5895 individuals ranging between 15 to 75 years of 
age in 2010-2011 on an urban population in 
southeast of Iran. The ethics committee of the 
Kerman University of Medical Sciences approved 
the study protocol (ethic code 88/110KA). A written 
informed consent was obtained from all participants in 
the study. Kerman is the biggest city in the southeast 
of Iran that, according to the 2012 census, has a 
population of about 750,000. More details about the 
city conditions and sampling and data collection 
methods are previously published at IJPH.9 

One stage cluster sampling method was applied 
for sample selection. The primary units of sampling 
were households who have been living in Kerman 
for at least one year prior to the interview. Using 
the zip code in the mail office, we marked 250 areas 
and approached households in the area to recruit 
5895 individuals in twelve strata of age and sex. The 
eligible people (6200 subjects) were invited to 
complete the informed consent and participate in 
the research, from which close to 95% responded to 
the invitation. They were referred to the clinical 
study site located in city downtown where they went 
through several steps of in-person interview to 
disclose their demographic characteristics, CAD risk 
behaviors and past medical history, mental status 
(anxiety and depression), and to provide fasting 
blood sample (after 12-14 hours fasting) for serum 
lipid and glucose level measurement. They were also 
asked to report their smoking status, opium use and 
physical activity level. The sample size was 
calculated as of 5910 based on prevalence of 50% to 
be efficient for all NCD risk factors considering the 
precision at the level of 5%, and response rate 78%, 
which was corrected according to eight age-sex strata.  

Daily physical activities at home and work place 
were recorded using WHO Global Physical Activity 
Questionnaire (GPAQ).10 To evaluate the intensity 
of physical activity, metabolic equivalent (MET) was 
used. MET is the use of energy in an adult 
individual while he/she is sitting (equivalent to 3.5 
ml oxygen consumption per kg body weight in a 
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minute). Moderate physical activity is considered as 
consuming energy four times, and intense physical 
activity equal to or more than eight times in 
proportion to sitting. In other words, a combination 
of walking and other physical activities with at least 
3000 METs per week was assigned to intense 
physical activity. Subjects with less than 1500 METs 
were regarded as low physical activity. 

Anthropometric measurements were height (a 
tape stadiometer with a minimum measurement of 
0.1 cm in a standing position, without shoes) and 
weight [light clothing without shoes measured by a 
calibrated standard weighing balance (Seca, model 
707, Germany) with an accuracy of 100 g]. 
Laboratory measurements were blood pressure 
(measured in sitting position after at least 10 
minutes at rest, if abnormal, was measured once 
again about one hour after the first measurement),11 
with standard manometer (RISHTER mercury 
manometer, Germany), fasting blood glucose 
(KIMIA Kit, code 890410, Iran), triglyceride (TG) 
(KIMIA Kit, code 890201, Iran), and total 
cholesterol (KIMIA Kit, code 890303, Iran). 
Cholesterol and TG values more than 200 mg/dl 
were considered as over normal values.12 
Depression was measured by a valid-translation of 
the 21-question BECK-BDI questionnaire,13 and 
anxiety score was measured by a valid-translation of 
the 21-question BECK Anxiety questionnaire,13 
both conducted by a face to face interview. Both 
questionnaires had a score range of 0-63. For 
depression, score of more than 30 and for anxiety, 
score of more than 26 were identified as disease 
state. Opium addiction was defined according to 
DSM-IV criteria. A physician asked the participants 
to disclose whether they have ever used any type of 
drug. “Occasional users” were not dependent but 
irregularly used opium (mostly for entertainment) 
and “dependents” were regular opium consumers.14,15 

All interviewers were trained before data 
collection and the validity of their collected data was 
checked by gold standards (chief researcher). 
Because the most of required information were 
objective and we used trained interviewers, we did not 
measure the agreement indices. However, strict quality 
control was performed during the study conduction to 
minimize any error. We tried to track all non-response 
households twice and replace participants who were 
not found at the end by their neighborhoods.  

Continuous variables were reported as mean ± 
standard deviation (SD) and non-continuous 
variables as n (%). We did a survey analysis keeping 
household as primary sampling unit (clusters). 

People were assigned into three subgroups; having 
low, moderate and intense physical activity and the 
prevalence of different CAD risk factors was 
reported for every subgroup. Because of non-
proportionate to size sampling method, the total 
estimates were standardized based on the real age 
distribution of the target population (national 
consensus of Kerman population size for 2006). We 
weighted the estimates by non-responses. We also 
assessed the correlations by applying chi-square test. 
A logistic regression model was applied to evaluate 
the relationship between the different levels of 
physical activity and other CAD risk factors. To 
control any potential confounders, we adjusted the 
estimates controlling for age, sex, smoking status, 
education, occupation and body mass. Using 
likelihood ratio test, we observed a statistically 
significant dominancy of the effect of categorical 
age variable (P = 0.013) and no trend effect of age 
as a continuous variable was found. All the 
statistical procedures were performed in Stata 
Statistical Software, Release 11.0 (Stata Corporation, 
College Station, TX, USA) under survey data 
analysis. P < 0.05 was considered as significant. 

Results 

This analysis was carried out on 5895 individuals 
including 2659 (45.1%) males and 3236 (54.9%) 
females with age of 45.4 ± 16.4 years. 

About 42.1% (n = 2476) of the participants 
[confidence interval (95% CI) 40.3%-43.9%] had 
low physical activity. The most frequent (47.7%) 
and the least frequent low physical activity (36.8%) 
was observed among elderly people and those with 
15-24 years of age respectively (Table 1). Physical 
activity decreased as age increased from 15 to 75 
years (P < 0.001). Overall, the prevalence of intense 
physical activity was less than 20%. 

Surprisingly, the level of physical activity was 
almost constant among people with different 
education status (36.2%-41.6%). In terms of 
occupation, the lowest physical activity was 
observed in unemployed people and housewives 
(49.7%). Women were less physically active 
compared to men (45.1% vs. 39.2%) (P < 0.001) 
(Table 2). 

Individuals with low physical activity, had 
significantly higher rates of hypertension (11.4% vs. 
10.1%, P = 0.009), obesity (15% vs. 11.5%,  
P = 0.001), occasional opium consumption (5.6% 
vs. 4.6%, P = 0.001), anxiety (79.1% vs. 76.1%,  
P = 0.03), depression (37% vs. 33.4%, P = 0.01) 
and hypertriglyceridemia (16% vs. 12.6%,  
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Table 1. The standardized prevalence of different levels of physical activities by age groups )total participants = 5895) 

Age range 

(year) 

The level of physical activity 

Low (n = 2496) Moderate (n = 2700) Intense (n = 504) 

Raw 

[n (%)] 

Standardized 

% (95% CI) 

Raw 

[n (%)] 

Standardized 

% (95% CI) 

Raw 

[n (%)] 

Standardized % 

(95% CI) 

15-24 309 (37.2) 36.8 (35.4-38.2) 374 (45.9) 45.7 (44.2-47.3) 129 (16.9) 17.5 (16.3-18.7) 

25-34 493 (45.5) 45.4 (44.6-46.3) 476 (43.8) 43.3 (42.4-44.1) 104 (10.8) 11.3 (10.8-11.9) 

35-44 478 (45.9) 46.4 (45.8-47.0) 473 (44.9) 43.3 (42.7-43.8) 100 (9.2) 10.3 (10.0-10.7) 

45-54 522 (43.2) 43.7 (43.2-44.1) 593 (50.1) 48.7 (48.3-49.1) 83 (6.7) 7.6 (7.4-7.9) 

55-64 441 (42.9) 42.7 (42.5-42.9) 516 (51.2) 51.2 (51.0-51.4) 60 (6.0) 6.1 (6.0-6.2) 

65-75 253 (47.2) 47.7 (47.5-47.9) 268 (47.3) 47.1 (46.9-47.3) 28 (5.4) 5.2 (5.1-5.3) 

Total 2496 (43.6) 42.1 (40.3-43.9) 2700 (47.5) 45.5 (43.6-47.4) 504 (8.9) 12.4 (11.1-13.9) 
P < 0.001 for effect of age; 95% CI: Confidence interval 

To reduce the number of rows in the table, age ranges were reported by divisions of 10-year 

 
P = 0.004) compared to those with moderate and 
intense physical activities. Conversely, prevalence of 
dependent opium use (4.6% vs. 6.9%, P = 0.001) 
and hypercholesterolemia (27.2% vs. 31.4%,  
P < 0.001) among low physically active subjects 
were significantly lower than hyperactive individuals 
(Table 3). 

After adjusting for sex, age, education, 
occupation, smoking status and body mass, low 
physical activity compared to intensive activity, 

increased the odds ratio (OR) of anxiety, 
hypertension, hypercholesterolemia, cigarette 
smoking, opium addiction and overweight/obesity 
to 1.39 (P = 0.01), 1.59 (P = 0.02), 1.37 (P = 0.02), 
1.52 (P = 0.01), 1.47 (P = 0.02) and 1.34 (P = 0.02) 
respectively. In addition, we did not observe any 
significant adjusted odds ratios for diabetes/high 
FBG (OR 1.21; P = 0.3), depression (OR 1;  
P > 0.999) and hypertriglyceridemia (OR 1.35;  
P = 0.07) (Table 4). 

 
Table 2. The prevalence of low physical activity in the participants by sex, 

education and occupation groups (total participants = 5895) 

Variable 

Number and prevalence of low 

physical activity [n (%)] 

95% CI 

P 

Education    

Illiterate  420 (36.2) 

(28.9-44.3) 

0.200 

Less than Diploma  1715 (41.6) 

(39.5-43.8) 

More than Diploma  472 (41.4) 

(37.7-45.2) 

Occupation   

Unemployed, housewife  1638 (49.7) 

(42.9-56.5) 

< 0.001 

Employee  781 (35.4) 

(27.8-43.7) 

Soldier, student  176 (36.1) 

(31.6-40.9) 

Other jobs  12 (18.0) 

(12.7-24.7) 

Gender   

Male  1091 (39.2) 

(37.9-40.6) 

< 0.001 

Female  1518 (45.1) 

(43.8-46.4) 
95% CI: Confidence interval 
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Table 3. The prevalence confidence interval (95% CI) of coronary artery disease (CAD) risk factors among people with 

different physical activity levels (total participants = 5895) 

Risk factor 
Physical activity status (95% CI) 

P Low [n (%)] 
95% CI 

Moderate and intense [n (%)] 
95% CI 

Hypertension (n = 1333) 638 (11.4) 695 (10.1) 0.009 
(10.2-12.6) (9.3-11.1) 

Obesity (n = 1048) 522 (15.0) 526 (11.5) 0.001 
(13.2-17.0) (10.3-12.9) 

Occasional opium use
*
 (n=366) 187 (5.6) 179 (4.6) 0.001 

(4.6-6.9) (3.8-5.6) 
Dependent

†
 (n = 484) 256 (6.9) 228 (4.6) 0.001 

(5.9-8.1) (3.9-5.4) 
Smoking (n = 657) 322 (11.8) 335 (8.6) 0.002 

(10.2-13.6) (7.6-9.8) 
Anxiety (n = 4531) 2051 (79.1) 2480 (76.1) 0.030 

(76.6-81.5) (74.0-78.1) 
Depression (n = 2304) 1127 (37.0) 1177 (33.4) 0.010 

(34.1-39.9) (31.1-35.7) 
Triglyceride > 200 mg/dl (n = 1119) 545 (16.0) 574 (12.6) 0.004 

(14.1-18.1) (11.4-14.0) 
Cholesterol > 200 mg/dl (n = 2352) 1112 (31.4) 1240 (27.2) < 0.001 

(29.0-34.0) (25.4-29.0) 
* Occasional use: Irregularly used opium mostly for entertainment; † Dependent: Regularly consumed opium; 95% CI: Confidence interval  

 

Discussion 
The findings of this study showed that low physical 
activity was a widespread phenomenon, and almost 
half of the community did not have enough physical 

activity efficient to prevent coronary artery diseases 
and the corresponding risk factors. Physical activity 
decreased after the age of 15 years. Higher education 
had no positive association with physical activity.  

 
Table 4. The association of physical activity with other coronary artery disease (CAD) risk factors )total participants = 5895) 

Risk factor 
The level of 

physical activity 
Crude odds ratios Adjusted odds ratios 

Amount (P) 95% CI Amount 95% CI 

Blood glucose > 126 mg/dl 
or old diabetes 

Intense 1 --- 1.00 --- 
Moderate 1.95 (< 0.001) 1.35-2.82 1.30 0.86-1.96 

Low 1.97 (< 0.001) 1.36-2.86 1.21 0.80-1.83 
Depression Intense 1 --- 1.00 --- 

Moderate 1.24 (0.070) 0.98-1.56 0.82 0.63-1.06 
Low 1.59 (< 0.001) 1.26-2.01 1.00 0.77-1.29 

Anxiety Intense 1 --- 1.00 --- 
Moderate 1.69 (< 0.001) 1.34-2.15 1.25 0.98-1.61 

Low 1.94 (< 0.001) 1.53-2.47 1.39 1.08-1.79 
Hypertension Intense 1 --- 1.00 --- 

Moderate 2.32 (< 0.001) 1.68-3.20 1.41 0.96-2.07 
Low 2.59 (< 0.001) 1.87-3.57 1.59 1.08-2.35 

Triglyceride > 200 mg/dl Intense 1 ---- 1.00 --- 
Moderate 1.39 (0.030) 1.02-1.89 1.16 0.84-1.60 

Low 1.63 (0.002) 1.20-2.21 1.35 0.98-1.88 
Cholesterol > 200 mg/dl Intense 1 --- 1.00 --- 

Moderate 1.73 (< 0.001) 1.37-2.20 1.19 0.92-1.54 
Low 1.99 (< 0.001) 1.57-2.52 1.37 1.06-1.76 

Smoking Intense 1  1.00  
Moderate 0.60 (< 0.001) 0.41-0.78 1.00 0.72(1.40) 

Low 0.81 (0.200) 0.60-1.11 1.52 1.09(2.11) 
Addiction Intense 1  1.00  

Moderate 0.70 (0.020) 0.52-0.94 0.92 0.66-1.27 
Low 1.08 (0.600) 0.81-1.45 1.47 1.07-2.02 

Overweight/obesity Intense 1  1.00  
Moderate 1.80 (< 0.001) 1.42-2.21 1.12 0.88-1.42 

Low 1.97 (< 0.001) 1.58-2.46 1.34 1.05-1.71 
The odds ratios are adjusted based on sex, age, education, occupation, smoking status and body mass; 95% CI: Confidence interval 
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Housewives and unemployed individuals were 
significantly less physically active than the rest of 
the participants. Compared with moderate/intense 
physically active participants, the prevalence of 
hypertension, obesity, opium use, smoking, anxiety 
and depression were significantly higher in 
individuals with less physical activity. The level of 
TG and cholesterol were also higher in people with 
low physical activity. Low physical activity had a 
significant positive association with anxiety, high 
blood pressure, high level of cholesterol, cigarette 
smoking, opium use and overweight/obesity status. 

Overall, we found 42.1% of adult population 
had low physical activity. In a study carried out by 
Bergman et al. on 1470 Swedish males and females, 
the prevalence of low physical activity was reported 
to be 37.1%.16 In another study by Hallal et al. on 
3128 individuals over 20 years in Brazil, the 
prevalence of low physical activity was 41.1%.17 In 
another study in Tehran, the prevalence of low 
physical activity was estimated as 69.8%.5 However 
they only measured exercise during non-working 
time. In a similar study in Yazd, Iran, on the 
population over 20 years of age, the prevalence of 
low physical activity was found to be 65.8%.18 The 
existing difference in results could be ascribed to 
the different age range of the studied population, 
different questionnaire, and the different definitions 
of physical activity levels.5,18,19 The results of the 
prevalence of low physical activity in this study are 
in line with the findings of the third national 
surveillance of risk factors of NCDs.6 

We found the prevalence of low physical activity 
was higher in females than in males. In other studies 
such as the third national surveillance of risk factors 
of NCDs, the same result was attained.2 This is 
mainly because the majority of women in our 
population were housewives, which led to reduced 
physical activity in comparison with men. 

Among the age ranges, the highest and lowest 
rate of low physical activity belonged to the oldest 
and youngest groups respectively. In the age group 
of 15 to 24 years old which was expected to be the 
most active group, only 17.5% had intense physical 
activity. This is an important issue to be taken into 
account. This figure decreased by 6.5% among the 
next age group (25 to 34 years). Unfortunately, this 
measure was added to the low physical activity 
group (Table 1). The prevalence of low physical 
activity related to age has been shown in Yazd and 
other cities and countries as well.16,18,20 

Many people mention busy life and long 
working hours as excuses for not being physically 

active. However, our results showed that 
unemployed people had a 49.7% low physical 
activity rate, which proved the busy life is not a reason 
for having low physical activity. Basically this attitude 
needs to change in a way that people do not consider 
physical activity as leisure, but more to improve their 
health and incorporate it in their daily life. 

It is believed that there would be a decrease in 
the level of physical activity among people after 
their marriage. Considering the average marriage age 
(25-30 years) in Iran, one of the reasons for sudden 
rise in low physical activity after the age of 25 could 
be marriage. 

It appears that the current national education 
system does not have much influence on people’s 
attitude and performance on daily activities. People 
with high education level who have higher level of 
socio-economic status do not have more physical 
activity. This is a challenge and needs specific 
attention and intervention strategies. 

In the present study, the depression and anxiety 
among the low physical activity group has been 
more than the moderate or intense ones. In the 
multivariate analysis, after adjusting the 
confounding variables, it was shown that low 
physical activity increased the odds of anxiety to 
39%. This finding is in agreement with the positive 
effect of physical activity on reducing depression 
and anxiety found in other studies.21-23 This can be 
due to the fact that exercising increases endorphin 
release in the brain. Endorphins have been proven 
to cause feelings of happiness.24 On the other hand, 
anxiety increases sympathetic activity that may cause 
reduction of synovial blood flow because of 
sympathetic innervation and the presence of 
adrenergic receptors in the joint blood vessels.25,26 
Joint blood flow reduction may worsen the negative 
impact of low physical activity on the joints’ health. 

We observed a positive association between 
smoking and low physical activity. Mensink et al.27 
and Salimzadeh et al.28 report have also verified such 
results. Low physical activity was also reported to 
be associated with hypertension, high cholesterol 
and high triglyceride.29,30 We also observed such 
clustering among the other CAD risk factors and 
physical activity in our study.14,31 It has been shown 
that opium in long term increases the risk of 
hypertension and causes reduction of plasma high 
density lipoprotein (HDL) cholesterol.32 

Although univariate analyses showed significant 
associations between low physical activity and 
diabetes mellitus, depression and 
hypertriglyceridemia, controlling for potential 
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confounders did not show any relationship. It 
indicates that the observed effects of low physical 
activity are due to other factors such as sex, age, 
education, occupation, smoking status and body mass. 

We acknowledge the limitation of our study as a 
cross-sectional survey. Beside, our study benefited 
from a relative large sample size, random sampling 
from a general population, high response rate (close 
to 95%) and including all aspects of physical activity 
and numerous risk factors including psychological 
status and opium addiction. For further studies, we 
recommend monitoring physical activity both at 
individual and community level by a longitudinal 
prospective cohort study. It is required to assess the 
efficacy of local and national intervention programs 
in managing and control of the epidemic of low 
physical activity. 

Conclusion 

The findings of this study showed that almost half 
of the population lack sufficient physical activity to 
effectively prevent coronary artery diseases and 
their risk factors. Low physical activity was 
associated with higher prevalence of 
unemployment, anxiety, smoking, opium use, and 
hyperlipidemia. Without effective and timely 
interventions, current risk profile would 
significantly increase the burden of cardiovascular 
diseases in this community in near future. 
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Abstract 

BACKGROUND: There are a few literature data on the correlation between metabolic syndrome 
(MetS) and coronary disease among Iranian population. This study aimed to find relationship 
between MetS and severity of coronary artery disease (CAD) in presence of diabetes. 

METHODS: Total of 192 patients were consecutively enrolled in the study who were admitted to 
coronary care unit because of acute coronary syndrome (ACS) and then underwent coronary 
angiography. MetS was defined by Iranian criteria. A coronary atherosclerosis score was used to 
quantify the extent of atherosclerotic involvement. The relationship between MetS and 
angiographic CAD severity or clinical presentation was compared between them after adjusting 
for diabetes. 

RESULTS: Individuals with MetS (n = 125) had a higher prevalence of ST-elevation myocardial 
infarction (71% vs 30%, P < 0.001), multi-vessel disease (50% vs. 34%, P = 0.003), decreased 
ejection fraction (P = 0.001) and more severe angiographic stenosis based on both modified 
Gensini (P = 0.081) and syntax (P = 0.008) scores, compared to those without MetS. Syntax 
score showed statistically significant difference between two groups before (P = 0.021) and after 
adjustment for diabetes (P = 0.005). 

CONCLUSION: MetS was related to the severity of CAD both clinically and by angiographic scores 
but diabetes was a challenging factor and may independently increase the severity of CAD. 

 

Keywords: Metabolic Syndrome, Angiography, Severity, Coronary Artery Disease 
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Introduction 
Metabolic syndrome (MetS) is considered as a major 
health problem in recent years and recognized by a 
cluster of risk factors related to diabetes and 
amplified risk of coronary artery disease (CAD).1,2 
Previous studies have shown that Asians have 
additional risk for development of MetS since the 
prevalence of abdominal obesity and diabetes are 
greater among them.3 Despite important 

controversy, the increased risk of cardiovascular 
diseases in subjects suffering from MetS has been 
established.4,5 Recent epidemiological and clinical 
studies have confirmed the association between 
MetS and increased risk of CAD,6,7 which is the 
leading cause of mortality. Morbidity and mortality 
from CAD are greater in patients with MetS; 
consequently, early evaluation of the risk of CAD in 
patients with MetS is necessary since it could lead to 
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change in lifestyle behavior and reducing CAD risk 
factors. Diabetes is considered as one of the 
complications of obesity and a strong risk factor for 
CAD.8-10 There is evidence that shows the duration 
of diabetes is associated with greater risk of acute 
coronary syndrome (ACS) and CAD.11-14 So this 
study was conducted to evaluate whether MetS 
could be associated with the coronary artery disease 
severity and to see whether the severity of coronary 
lesion was different in MetS patients with or 
without type 2 diabetes. 

Materials and Methods 

This cross-sectional study was done from 
February 2012 to March 2015 in Shahid Beheshti 
University of Medical Sciences, Tehran, Iran. 
Totally 192 patients were enrolled in the study, 
who were admitted to coronary care unit (CCU) 
due to chest pain, and subsequently underwent 
coronary angiography. Patients entered the study 
after obtaining written informed consent. Positive 
family history of coronary artery disease, current 
smoker or ex-smoker, subjects with high low-
density lipoprotein-cholesterol (LDL-C) (LDL 
level > 160 mg/dl and or under treatment for 
high LDL) and prior coronary artery bypass graft 
(CABG) or percutaneous coronary intervention 
(PCI) were considered as exclusion criteria. Data 
on social, demographic, personal and family 
medical history, and lifestyle (physical activity, 
smoking, alcohol intake, and diet) were obtained 
from either physical and laboratory examinations 
(anthropometric testing, blood sample laboratory 
analysis, and blood pressure measurements) or 
questionnaires. Triglyceride (TG), high-density 
lipoprotein-cholesterol (HDL-C) and fasting 
blood sugar (FBS) levels were measured by 
enzymatic methods (Pars Azmon commercial kits, 
Iran) based on previously published methods.15 

Blood pressure was measured twice in sitting 
position after five minutes resting. Waist 
circumference was measured with a flexible tape 
placed on a horizontal plane at the level of the iliac 
crest as seen from the anterior view.16  

Extent of coronary artery disease was assessed 
by modified Gensini and syntax scoring systems.  

On quantitative analyses of coronary 
angiograms (Quantcor QCA, version 4.0; Pie 
Medical Imaging, Maastricht, The Netherlands), 
the presence of stenosis ≥ 50% in diameter of 
major epicardial vessels was characterized as 
CAD (Gensini score > 1). 

The extent of CAD was quantified using the 

number of vessels with ≥ 50% stenosis and a 
coronary atherosclerosis score as mentioned 
below.17,18 

The syntax score system used to show the 
severity of CAD quantitates the complexity and the 
extent of CAD to aid clinicians in assessing early 
and late outcomes of PCI and CABG in patients 
with multivessel CAD and has become the 
preferred risk assessment tool for grading lesion 
complexity.19 

All statistical analyses were performed by SPSS 
(version 22.0, SPSS Inc., Chicago, IL, USA). 
Kolmogorov-Smirnov test and Q-Q plot were used 
to examine normality of data. Qualitative variables 
were expressed as numbers (percentages) and 
quantitative data was showed by mean and standard 
deviation (SD). Multiple logistic regression was used to 
compare the types of (ACS) and angiographic 
recommendations after adjustment for diabetes.  
P-values were considered significant at a level of  
< 0.05. 

Results 

Among 192 patients, 138 (71.9%) patients were 
male, and 125 (65%) patients fulfilled the criteria of 
MetS. Patients without MetS were significantly older 
than MetS group (P < 0.001). The prevalence of 
diabetes was 47%. Table 1 shows summary of 
clinical characteristics based on the presence of the 
MetS. Blood pressure, waist circumference, FBS, 
cholesterol (CHL), HDL-C, LDL-C, creatine 
phosphokinase-MB (CPK-MB) and troponin were 
significantly different in subjects with MetS 
compared to those free of MetS (P < 0.001).  
Table 2 shows among patients with MetS, low 
HDL-C (95%) was the most frequent component 
followed by increased waist circumference (82%), 
elevated FBS (76%), hypertension (HTN) (71%), 
and elevated TG (39%). The frequency of MetS 
components in all the subjects was as follows: Low 
HDL-C (80%), diabetes (70%), increased waist 
circumference (63%), HTN (50%), elevated TG 
(26%). Similar to the MetS group, low HDL-C was 
the most frequent finding (80%) in all the cases 
without MetS. Table 2 shows regardless of existing 
MetS, diabetic patients had significantly different 
Gensini scores (P < 0.001) and syntax scores  
(P = 0.007) compared to non-diabetic patients. 
Among hypertensive patients, only the syntax score 
was significantly different (P = 0.030) compared 
with normotensive patients while Gensini score  
(P = 0.900) showed no significant difference (data 
not shown).  

 



 

 
 

www.mui.ac.ir 15 Sep 

   222    ARYA Atheroscler 2016; Volume 12; Issue 5 

 Metabolic syndrome & angiographic severity 

Table 1. Demographic and biochemical parameters in the study patients 

Variable  Total 
MetS 

P 
Yes No 

Number 192 125 (65.0) 67 (35.0) 
 

Age     

Mean ± SD 65.00 ± 11.00 63.0 ± 11.00 68.00 ± 10.00 0.007
†
 

Median (range) 63 (44.00-85.00) 61 (44.00-85.00) 70 (46.00-82.00) 
 

Diastolic blood pressure     

Mean ± SD 81.00  ± 13.00 84.0 ± 14.00 75.00 ± 9.00 0.001
†
 

Median (range) 80 (40.00-140.00) 80 (40.00-140.00) 80 (60.00-90.00)  

Waist Circumference     

Mean ± SD 98.00  ± 11.00 102.0 ± 10.00 92.00 ± 9.00 < 0.001
†
 

Median (range) 98 (71.00-123.00) 102 (71.00-123.00) 89 (79.00-113.00)  

CPK     

Mean ± SD 1156.00 ± 1342.00 1509.0 ± 1462.00 499 ± 721 < 0.001
‡
 

Median (range) 642 (46.00-6400.00) 1222 (57.00-6400.00) 250 (46.00-2982.00) 
 

CPK-MB     

Mean ± SD 137.00 ± 154.00 170.0 ± 161.00 75.00 ± 117.00 < 0.001
‡
 

Median (range) 67 (15.00-696.00) 121 (20.00-696.00) 36 (15.00-510.00) 
 

Troponin     

Mean ± SD 0.96 ± 0.93 1.2 ± 0.92 0.51 ± 0.78 < 0.001
‡
 

Median (range) 0.87 (0.02-3.16) 1.17 (0.02-3.16) 0.03 (0.02-2.48) 
 

Fasting blood pressure     

Mean ± SD 136.00 ± 63.00 141.0 ± 61.00 126.00 ± 66.00 0.003
‡
 

Median (range) 118 (60.00-370.00) 129 (60.00-369.00) 101 (72.00-370.00) 
 

TG     

Mean ± SD 129 ± 75 143.0 ± 85.00 101.00 ± 38.00 < 0.001
‡
 

Median (range) 105 (57.00-511.00) 124 (57.00-511.00) 91 (60.00-189) 
 

HDL-C     

Mean ± SD 36.00 ± 7.00 34.0 ± 7.00 39.00 ± 7.00 < 0.001
†
 

Median (range) 36 (21.00-52.00) 35 (21.00-52.00) 41 (23.00-49.00) 
 

LDL-C     

Mean ± SD 97.00 ± 33.00 102.0 ± 33.00 88.00 ± 29.00 0.005
†
 

Median (range) 94 (11.00-208.00) 97 (29.00-208.00) 89 (11.00-124.00) 
 

Systolic blood pressure     

Mean ± SD 134.00 ± 28.00 141.0 ± 29.00 121.00 ± 22.00 <0.001
†
 

Median (range) 130 (70.00-240.00) 140 (70.00-240.00) 120 (85.00-190.00)  

Cholesterol     

Mean ± SD 162 ± 33 166.0 ± 38.00 154.00 ± 22.00 0.015
†
 

Median (range) 161 (90.00-280.00) 171 (98.00-280.00) 157 (90.00-183.00) 
 

Acute coronary artery disease     

STEMI [n (%)] 109 (56.8) 89 (71.2) 20 (29.9) < 0.001
*
 

Non STEMI [n (%)] 16 (8.3) 16 (12.8) 0 (0.0)  

USA [n (%)] 67 (34.9) 20 (16.0) 47 (70.1)  

Diabetes     

Yes [n (%)] 91 (47.4) 71 (56.8) 20 (29.9) < 0.001
*
 

No [n (%)] 101 (52.6) 54 (43.2) 47 (70.1)  

Sex     

Male [n (%)] 138 (71.9) 79 (63.2) 59 (88.1) < 0.001
*
 

Female [n (%)] 54 (28.1) 46 (36.8) 8 (11.9)  

Hypertension     

Yes [n (%)] 97 (50.5) 89 (71.2) 8 (11.9) < 0.001
*
 

No [n (%)] 95 (49.5) 36 (28.8) 59 (88.1) 
 * Based on chi-square test; †Based on Student’s t-test; ‡ Based on Mann-Whitney test  

MetS: Metabolic syndrome; STEMI: ST-elevation myocardial infarction; CPK: Creatine phosphokinase; TG: Triglyceride; LDL-C: 

Low-density lipoprotein-cholesterol; HDL-C: High-density lipoprotein-cholesterol; USA: Unstable angina; SD: Standard deviation 
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Table 2. Relationship between metabolic syndrome and angiographic severity of coronary artery disease 

Variable  Total 
MetS 

P 
Model 

1 

Model 

2 Yes No 

Gensini score Mean ± SD 6.7 ± 2.8 7.1 ± 2.6 5.9 ± 2.9 0.004
*
 0.137

£
 0.081

§
 

Syntax score Mean ± SD 13.7 ± 7.7 14.9 ± 6.6 11.5 ± 8.9 0.008
*
 0.020

£
 0.005

§
 

Ejection fraction Mean ± SD 45.5 ± 8.7 44.6 ± 8.8 47.4 ± 8.4 0.032
*
 0.018

£
 0.002

§
 

Angiographic results SVD [n(%)] 26 (13.5) 10 (8.0) 16 (23.9) < 0.001
**

 0.006
£
 0.003

£
 

 
2VD [n(%)] 77 (40.1) 53 (42.4) 24 (35.8) 

   

 
3VD [n(%)] 85 (44.3) 62 (49.6) 23 (34.3) 

   

 
LMS [n(%)] 4 (2.1) 0 (0.0) 4 (6.0) 

   
Medical treatment Medical treatment 

[n(%)] 
7 (3.6) 3 (2.4) 4 (6.0) 0.363

**
 0.101

£
 0.187

£
 

 
PCI [n(%)] 100 (52.1) 64 (51.2) 36 (53.7) 

   
  CABG [n(%)] 85 (44.3) 58 (46.4) 27 (40.3) 

   
Model 1: Adjusted for diabetes; Model 2: Adjusted for diabetes, age and sex; * Based on Student’s t-test; ** Based on Fisher exact 

test; § Based on analysis of covariance; £ Based on multinomial logistic regression; MetS: Metabolic syndrome; SVD: Single-vessel 

disease; 2VD: Two-vessel disease; 3VD: Three-vessel disease; LMS: Left main stem; PCI: Percutaneous coronary angiography; 

CABG: Coronary artery bypass graft; SD: Standard deviation 

 
ST-elevation myocardial infarction (STEMI) was 

more frequent in MetS group (P < 0.001). The fre-
quency of multi-vessel disease was higher in patients 
with MetS compared to those without it (P < 0.001 
and after adjustment P < 0.003). 

However, syntax score showed statistically 
significant difference between two groups before  
(P = 0.008) and after adjustment for diabetes  
(P = 0.020) and age and sex (P = 0.005). 
Concerning the ejection fraction, the same result 
was observed after adjustment for diabetes status 
and age and sex (P = 0.032, P = 0.018, P = 0.002, 
respectively) (data not shown). 

Discussion 

This study showed significant relationship between 
MetS and CAD severity according to angiography 
documents in Iranian subjects. In addition, we showed 
that presence of diabetes has significant effect on the 
CAD severity among subjects with MetS.  

Numerous studies have shown that MetS is able 
to predict cardiovascular events and diabetes, but 
there is argument about the role of MetS in 
cardiovascular risk among diabetic patients.20-23 Yoon 
et al. showed there is no relationship between MetS 
and coronary atherosclerosis in diabetic subjects.21 In 
addition, Sarrafzadegan et al. showed among 
symptomatic Korean population, MetS was 
independently associated with the presence and 
severity of CVD only in the non-diabetic subjects, 
and there was no significant difference between MetS 
group and non-MetS group regarding their age.24 

Similar to our results, Solymoss et al. showed 
that MetS was significantly related to more severe 
coronary angiographic alterations and higher 

frequencies of unstable angina, myocardial 
infarction, PCI, and CABG.18 Another important 
finding in our study was the 1.5 to 3 fold increased 
risk of new onset CVD in patients with MetS 
without diabetes.14  

In our study, there was significant difference 
between modified Gensini score and syntax score. 
This comparison showed that patients with MetS 
had more severe atherosclerosis in coronary arteries 
by both scores. 

After adjusting the effect of diabetes, syntax 
score was significantly associated with MetS, 
however the modified Gensini score did not have 
any significant association with MetS. Another 
important point is the effect of age. Patients 
without MetS were significantly older than other 
group; Gensini score had non-significant 
relationship with MetS whereas syntax score was 
significantly related to the MetS. So apparently 
modified Gensini score, which was used in this 
study, was a better predictor; also, the syntax score 
was more complete than modified Gensini score.18 

The syntax index assigns a heavier weight to the 
more severe luminal narrowing. Weights are also 
assigned to each segment depending on vessel size 

and importance; segments serving larger regions of 
myocardium are more heavily weighted.23-25 
Another probable cause, as mentioned earlier, is a 
semantic argument about the effects of diabetes on 

metabolic syndrome, which might have affected our 
results.23 

Also in MetS group, the patients had more 
multi-vessel disease and more acute events (STEMI 

versus unstable angina); although they were younger 
in comparison to MetS patients. 
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Conclusion 

MetS is strongly related to the severity of ACS 
presentation, documented clinically and 
angiographically in younger subjects. As such, control 
of MetS components is necessary in Iranian 
population. We recommend more studies with more 
participants and multicenter design and evaluation of 
Iranian lifestyle and MetS components, also utilizing 
complete Gensini score and other angiographic 
scores with larger samples. 
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Abstract 

BACKGROUND: The assessment of cardiac iron overload in thalassemia major has been considered 
as an important predictive factor of heart injury. The magnetic resonance imaging (MRI)-derived 
relaxation time parameter (T2*) varies inversely with iron level, and elevated myocardial iron levels 
by T2* are associated with depressed left ventricular (LV) ejection fraction (EF). We compared 
echocardiographic (ECHO) indices of systolic function to myocardial T2* in these patients. 

METHODS: A cross-sectional database review identified 200 consecutive patients with 
thalassemia who underwent both ECHO and MRI T2* assessment. 

RESULTS: There was a negative correlation between T2* measurement and ECHO EF  
(r = −0.389, P < 0.001). Using a cutoff value of 50% for differentiating LV normal and abnormal 
function by ECHO, T2* MRI had a sensitivity of 57.1%, a specificity of 89.9%, and an accuracy of 
86.5% for predicting LV dysfunction. Receiver operating characteristic analysis showed that 
cardiac iron measurement had an acceptable value for discriminating normal and abnormal LV 
function (area under the curve = 0.769, 95% confidence interval: 0.653-0.885). With respect to 
the relationship between serum ferritin level and cardiac iron value, the level of serum ferritin 
was positively correlated with the level of cardiac iron load (r = 0.257, P < 0.001). 

CONCLUSION: Myocardial iron load assessed by MRI T2* is associated with deterioration of the 
LV function assessed by ECHO with a high specificity and moderate sensitivity. It is important to 
identify the thalassemic patients with a risk of iron overloaded cardiomyopathy and heart failure. 

 

Keywords: Thalassemia, Iron Overload, Magnetic Resonance Imaging, Ferritin, Accuracy 
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Introduction 
Anemia simultaneous with marrow expansion is 
main competing factor of cardiac injuries in 
thalassemia major. They can be an increase in 
cardiac outlet that lead to increasing of hearth 
function.1,2  

Further, the cardiac iron sediment leads to 
decreasing hearth function in people with certain 
background.3 Iron is too a risk factor for 
myocardium. Iron can be accumulate in cells as 
hemosiderin, ferritin. Free iron is the most toxic 
form that stimulates production of free radicals.4,5 
Furthermore, evaluation of cardiac iron overload as 

predictive factor of heart injury is important in 
thalassemia major. We have different way to 
evaluation of cardiac iron overload including 
measurement of plasma ferritin level, liver biopsy, 
cardiac echocardiographic (ECHO)-Doppler studies, 
and recently magnetic resonance imaging (MRI).6  

MRI as a reliable, valid, and robust method can 
provide indirect assessment of cardiac iron 
overload.7 Even, it has been advised to 
determination the degree of cardiac iron overload.8 
The reciprocals of T2 and T2*, known as R2 and 
R2*, are directly proportional to iron and 
demonstrate the most promising results.9,10 In this 
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method, the MRI-derived relaxation time 
parameter, T2*, changes inversely with iron level 
and thus elevated myocardial iron levels by T2* 
have been shown to be associated with depressed 
left ventricular ejection fraction (LVEF).11,12 

Although this technique is progressively applied 
in different clinical settings and even prefers using 
ECHO, its diagnostic performance has been already 
unclear in thalassemia major patients. We therefore 
sought to directly compare echocardiographic 
indices of systolic function to myocardial T2* in 
these patients and determine the value of cardiac 
MRI for discriminating LV dysfunction measured 
basically by tissue Doppler ECHO. 

Materials and Methods 

In this analytical cross-sectional study, 200 patients 
with major thalassemia aged between 10 and 20 were 
selected from Samen Alhojaj Center (Charity 
Foundation for Special Diseases) by census method 
from August 2013 to November 2014. A 
retrospective database review identified 200 
consecutive patients with thalassemia who underwent 
both ECHO done at Shifa Hospital in Kerman 
University of Medical Sciences, Iran, and MRI T2* 
assessment in a private center in Tehran, Iran. 

Medical Center in Samen Alhojaj permission for 
a database and medical record review was granted 
by the Kerman University of Medical Sciences 
Committee on Clinical Investigation. This database 
included baseline characteristics of the patients as 
well as medical history, medications, and laboratory 
data of consecutively enrolled patients. All patients 
were prescribed chelation therapy with deferoxamine 
typically beginning before the age of 7 years. The 
conventional chelation treatment was subcutaneous 
infusion of deferoxamine in a daily dose  
30-50 mg/kg, 5-6 times/week. Chelation therapy was 
monitored by frequent estimation of ferritin. 

MRI examinations were routinely performed 
within 10 days of transfusion. MRI was performed 
2 weeks after ECHO. MRI measurements were 
performed using a 1.5-T clinical MRI scanner.  

Myocardial T2* was assessed from a single 
midpapillary ventricular short-axis slice using a 
cardiac-gated, segmented, multi ECHO gradient 
ECHO sequence obtained in a single breath-hold, 
as previously described.11  

Iron in the myocardium was quantified by 
measuring T2* (1/R2*), an MR relaxation 
parameter that has been shown to vary inversely 
with tissue iron concentration.12-14,15 The T2*  
values were calculated using custom written 

software developed in MATLAB (MathWorks Inc, 
Natick, MA).  

Two-dimensional M-Mode and tissue Doppler 
imaging (TDI) (six segments of LV) was performed 
to assess LV function, conducted by Vivid 3 ECHO 
devices with 3 and 5 MHz probes. Systolic 
dysfunction was defined as mild if the EF was 41% to 
50%, moderate if 31% to 40%, and severe if ≤ 30%. 

Results were presented as mean ± standard 
deviation for quantitative variables and were 
summarized by absolute frequencies and 
percentages for categorical variables. Correlation 
between the quantitative variables was examined 
using the Pearson’s correlation coefficient test.  

The diagnostic performance of MRI T2* 
according to the results of TDI was measured by 
the quantity of true positives, true negatives, false 
positives, and false negatives. In this regard, a cutoff 
point of 4 for 1/R2* (1-3 indicated normal value to 
moderate abnormal level and 4 or more indicated 
severe abnormal level) was measured by MRI T2*, 
and a cutoff 50% for differentiating LV normal and 
abnormal function by ECHO was considered. In 
the prediction system, the total prediction accuracy, 
sensitivity, and specificity were calculated.16  

A receiver operating characteristic (ROC) curve 
was used to identify the best cutoff point, by which 
to maximize the sensitivity and specificity of 
discriminating LV normal and abnormal function. 
For the statistical analysis, the statistical software 
SPSS software for Windows (version 19.0, SPSS 
Inc., Chicago, IL, USA) was used. P values of 0.050 
or less were considered statistically significant. 

Results 

A total of 200 patients (93 males, mean age of  
17.87 ± 6.27 years) were identified with thalassemia 
undergoing both ECHO and MRI T2* assessment. 
The mean duration of transfusion was 16.66 ± 7.26 
months with a mean pre-transfusion hemoglobin 
level of 9.18 ± 1.39 g/dl, and the average serum 
ferritin level was 3023.55 ± 2258.41 ng/ml (Table 1).  

The mean LVEF was 56.59 ± 5.78% (ranged  
35-65%) that 10.0% of patients had EF < 50%. 
Systolic function as measured by ECHO EF was 
classified as normal in 96 cases (48.0%), mild 
dysfunction in 94 cases (47.0%), and moderate 
dysfunction in 10 cases (5.0%).  

There was a significant negative correlation 
between 1/R2* measurement and ECHO EF  
(r = −0.389, P < 0.001). Furthermore, with respect 
to the relationship between serum ferritin level and 
cardiac iron value, the level of serum ferritin was 
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positively correlated with the level of cardiac iron 
load (r = 0.257, P < 0.001). 

 
Table 1. Baseline characteristics and clinical data of 

the study subjects (n = 200)
*
 

Variables N (%) 

Gender (Male) 93 (46.50) 

Age (year) 17.87 (6.27) 

Family history of thalassemia 59 (29.50) 

Duration of transfusion (mo) 16.66 (7.26) 

Serum BUN 26.60 (9.26) 

Serum creatinine 0.62 (0.16) 

Serum hemoglobin 9.18 (1.39) 

Serum ferritin 3023.55 (2258.41) 

Serum platelet 295.27 (153.33) 

Serum ALT level 61.72 (85.99) 

Serum AST level 48.09 (46.63) 

Serum ALP level 437.80 (225.75) 

Serum T3 level 141.27 (103.51) 

Serum TSH level 2.54 (1.39) 
* For qualitative variables, relative and absolute frequencies, 

and for quantitative variables, mean and standard deviation 

were used to present the statistics.  

AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; 

ALT: Alanine aminotransferase, TSH: Thyroid-stimulating 

hormone, BUN: Blood urea nitrogen 

 
Only 7.0% of the patients had normal level of 

cardiac iron, 41.5% had mild abnormal value, and 
36.0% had moderate abnormal value of cardiac 
iron. In this parallel, severe abnormal value of iron 
was observed in only 15.5% of them. Using a cutoff 
point of 4 for 1/R2* (1-3 indicated normal value to 
moderate abnormal level and 4 or more indicated 
severe abnormal level) measured by MRI T2* and a 
cutoff 50% for differentiating LV normal and 
abnormal function by ECHO, T2* MRI had the 
sensitivity of 57.1%, specificity of 89.9%, positive 
predictive value of 40.0%, negative predictive value 
of 94.7%, and accuracy of 86.5% for predicting LV 
dysfunction. In this study to evaluate LV function 
in patients, tissue Doppler method was compared to 
MRI. It was shown tissue Doppler sensitivity of 
57.1%, specificity 89.9%, and positive predictive 
value 94.7%. 

ROC analysis was used to explore the sensitivity 
and specificity of threshold values of T2* for 
ventricular dysfunction, and the results of this 
analysis are presented in figure 1. Cardiac iron 
measurement had an acceptable value for 
discriminating normal and abnormal LV function 
(area under the curve = 0.769, 95% confidence 
interval: 0.653-0.885). 

 
Figure 1. Receiver operator characteristic curves were 

constructed to investigate the diagnostic power of 

cardiac iron overload for predicting left ventricular 

dysfunction 

Discussion 

The present study assesses diagnostic performance 
of myocardial T2* measured by cardiac MRI 
compared with ECHO to predict LV systolic 
function. We could show a mild to moderate 
adverse correlation between increased myocardial 
iron as measured by T2* and LVEF measured by 
ECHO. In this context, MRI T2* had a high 
specificity but a moderate sensitivity to predict LV 
dysfunction. In the literature, there are some 
available ECHO studies evaluating cardiac systolic 
function as well as volumetric parameters in 
thalassemic patients; however, detection of 
myocardial iron overload as an applicable indicator 
of systolic function has been recently described. In 
support of our study, some other studies 
demonstrated that MRI findings can be a good 
predictor of future cardiac dysfunction.17-19 

In addition, in a study by Liguori et al.,20 
relationship between myocardial T2* values and 
cardiac volumetric and functional parameters in  
β-thalassemia patients was evaluated by cardiac 
magnetic resonance in association with serum 
ferritin levels. In our study, myocardial iron loading 
was found in 93.0% of our patients that was higher 
than that reported in Caucasian populations.21 

The mean LVEF of our study population was 
56.0% that only 10.0% of them had EF < 50%. In 
fact, thalassemic patients have greater LVEFs than 
normal subjects.5 These patients have impaired LV 
function at higher values of EF than previously 
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thought.5,19 This factor is important in the 
interpretation of the impaired EF. This fact is the 
main reason to consider higher cutoff point value 
(50.0%) for discriminating normal and abnormal 
LV systolic function in this study.  

Serum ferritin levels are used as a main 
diagnostic indicator for identifying and monitoring 
of iron overload. In our study, the level of serum 
ferritin was positively correlated with the level of 
cardiac iron load. Contrarily, some studies in the 
literature have shown that the relationship between 
the cardiac T2* value and the serum ferritin level is 
either non-significant or weak.22 It is suggested that 
myocardial iron levels can be also predicted using 
this parameter but weaker than the measurement of 
cardiac iron level.  

The presented data were analyzed 
retrospectively, which is a limitation of our study. In 
addition, for assessing LV systolic function, we did 
not assess other variables such as strain and strain 
rate that should be considered in future studies. The 
main strength of this study was its large sample size. 
As far as the author is aware, no study has been 
done with the large sample size and it seems that 
this is the first study with a larger sample size which 
possibility of the establishment of random relations 
to minimize and suggests that the results are real. 

Conclusion 

The current study demonstrates that myocardial 
iron load assessed by MRI T2* is mild to moderate 
associated with deterioration of the LV function 
assessed by ECHO with a moderate sensitivity and 
high specificity. It is important to identify the 
thalassemic patients with a risk of iron overloaded 
cardiomyopathy and heart failure. 
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Abstract 

BACKGROUND: High-sensitivity C-reactive protein (hs-CRP) inflammatory biomarker is one of 
the best informative markers of prognosis of coronary artery disease (CAD) that has been 
studied. Some studies have found that hs-CRP has a direct correlation with CAD. The aim of this 
study was to determine the relationship between serum levels of hs-CRP and the severity of 
coronary artery stenosis in patients with stable and unstable angina. 

METHODS: In a cross-sectional study, 150 patients undergoing coronary angiography in 
Golestan Hospital Ahvaz, Iran in 2012, were studied in three groups of stable angina (n = 50), 
unstable angina (n = 50), and normal coronary angiography (n = 50). Hs-CRP levels were 
measured in patients before angiography by enzyme-linked immunosorbent assay method, were 
compared between the three groups and its correlation with the degree of stenosis was evaluated. 

RESULTS: The mean levels of hs-CRP in the stable angina group, unstable angina group and the 
group with normal coronary angiography were 2.46 ± 1.79, 4.84 ± 3.38, and 2.95 ± 2.57 mg/L, 
respectively. The results show that the mean levels of hs-CRP in patients with unstable angina 
was significantly higher compared to patients with stable angina (P < 0.050) and patients with 
normal coronary angiography (P < 0.001). However, a statistical difference between the mean 
CRP levels in patients with stable angina and patients with normal angiography results was not 
seen (P > 0.050). A significant relationship between arterial stenosis points and hs-CRP levels in 
patients with stable angina was not seen (P = 0.985). 

CONCLUSION: The findings suggest that it seems hs-CRP level in patients with unstable angina 
were significantly higher than those in patients with stable angina and patients with normal 
coronary angiography. It also appears that the level of hs-CRP in patients with unstable angina 
is associated with the severity of coronary stenosis. Given the finding of consistent results, the 
use of hs-CRP as a prognostic factor in these patients may be useful. 

 

Keywords: Coronary Artery Disease, High-sensitivity C-reactive Protein, Stable Angina, 
Unstable Angina 
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Introduction 
Coronary artery disease (CAD) is one of the leading 
causes of mortality in the world.1,2 CAD is the most 
common form of cardiovascular disease with a 
prevalence of 6.9% in men and 6% in women. It is 
currently the leading cause of morbidity and 
mortality in people older than 38 years in Iran. 
Death from heart disease in this country ranges 
from 28% to 48%, and the incidence of ischemic 
heart disease is highly reported.3 Studies show that 

risk factors for cardiovascular disease may differ in 
different societies. Even in cases where the 
relationship between these risk factors and CAD 
among different populations appears to be identical, 
the prevalence of these risk factors may differ, as 
the prevalence rate in Iran has been reported 
differently than in other countries.4,5 Many risk 
factors for cardiovascular disease can be regulated 
by specific preventive measures.6,7 These risk 
factors include smoking, dyslipidemia, hypertension, 
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diabetes, abnormal obesity, lack of daily 
consumption of fruits and vegetables, regular 
alcohol consumption, and lack of regular physical 
activity.8,9 Although other factors such as older age 
and male gender are listed as risk factors for CAD, 
these factors alone cannot predict the relative risk 
of the disease and the discovery of new markers 
may help identify patients at risk.10,11 Because 
atherosclerosis is the main focus of CAD 
researchers, the study of the factors influencing the 
process of atherosclerosis is highly valuable. 
Fundamental research shows that inflammation is 
involved in all stages of the process of 
atherosclerosis12,13 and is followed by clinical 
complications. Furthermore, inflammation is the 
main initiator of plaque formation and plays a role 
in incomplete endothelial function, plaque 
instability, and plaques rupture.14,15 High-sensitivity 
C-reactive protein (hs-CRP) is one of the best 
studied inflammatory biomarkers in CAD.16,17 Hs-
CRP, a marker of systemic inflammation, rises in 
response to injury, infection, and other 
inflammatory stimuli.18,19 Unlike other inflammatory 
phase reactants, serum hs-CRP remains high for a 
long time, even in the absence of stimuli.20-22 
Furthermore, a number of studies have shown a 
stable relationship between hs-CRP levels and an 
increased risk of cardiovascular events such as 
myocardial infarction and cardiovascular death.23-26 
However, the mechanisms responsible for the 
association between hs-CRP and cardiovascular 
disease remain unclear.27 Although some studies 
have found that hs-CRP was poorly correlated with 
the severity of CAD, other studies have suggested a 
strong association between hs-CRP and the severity 
of stenosis.28,29 On the other hand, less attention has 
been paid to the relationship between hs-CRP, the 
activation of plaque and the incidence of unstable 
angina, and warnings of hs-CRP for ischemic 
events. Therefore, the aim of this study was to 
determine the relationship between serum levels of 
hs-CRP and the severity of coronary artery stenosis 
in patients with stable and unstable angina. 

Materials and Methods 

A total of 150 patients undergoing coronary 
angiography participated in this cross-sectional 
study in Educational Governmental Golestan 
Hospital, Ahvaz city, Khuzestan, South West of 
Iran, in 2012. Among all of patient that visited 
during 2012, 150 patients (that have stable or 
unstable form of angina, without any inflammatory 
diseases or any immunosuppresses drug and have 

not any problem to test serum levels of hs-CRP) 
obtained randomly in this study. Written informed 
consent from all participants and approval from the 
Ethics Committee of the Medical University of 
Ahvaz was obtained. Patients with a history of 
infectious disease, connective tissue disease, acute 
myocardial infarction, heart failure, left ventricular 
ejection fraction < 30%, smoking, surgery 3 months 
before the study, and factors affecting the level of 
CRP were excluded from the study. 

Questionnaires including questions about age, 
gender, history of hypertension, history of diabetes, 
and dyslipidemia were completed. The patients’ 
blood pressure and pulse rate were measured while 
resting. The electrocardiogram was gathered from 
all patients. Furthermore, the level of white blood 
cells, blood sugar, triglycerides, cholesterol, and 
blood creatinine were each measured and recorded 
in Hospital Laboratory, glucose oxidase test, and 
cholesterol oxidase-peroxidase, respectively. Before 
angiography, 5 ml of venous blood sample was 
taken from fasting patients. The samples were 
transported to the laboratory, where hs-CRP levels 
were measured by enzyme-linked immunosorbent 
assay. Coronary angiography was performed by 
Judkins method. To determine the degree of 
stenosis genesis scoring was performed in which 
eight major coronary vessels including left main, left 
anterior descending, diagonal, first septal, left 
circumflex coronary artery, obtuse marginal, patent 
ductus arteriosus, and right coronary artery were 
studied. The degree of stenosis was reported on a 
scale from 0 to 4, with 0 meaning no narrowing, 
Grade 1 stenosis of < 50%, Grade 2 stenosis of  
50-75%, Grade 3 stenosis of 75-99% and Grade 4 
was considered as complete obstruction. Based on 
this method vessels can achieve a score of 0-32. 
Patients were divided into three groups of  
50 persons that were enrolled consecutively: 
patients with stable angina who have angiographic 
lesions (Group I), patients with unstable angina 
who had angiographic lesions (Group II), and 
patients with stable or unstable angina who had 
normal coronary angiographies (Group III).  

According to previous studies28 and the formula, 
150 patients entered in three groups. For describing 
data, the mean and standard deviation were used. 
The primary assumption of normality was checked 
using Kolmogorov–Smirnov test. The 
nonsignificant results of this test (P = 0.198,  
P = 0.124) suggesting no violation of the 
assumption of normality for hs-CRP and severity of 
coronary stenosis. Hence, both variables appear to 
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be reasonably normally distributed. The chi-square 
goodness of fit test was used to test whether all 
categories contain the same proportion of values. 
One-way analysis of variance (ANOVA) followed 
by Tukey multiple comparison tests was utilized to 
compare the means of hs-CRP and severity of 
coronary stenosis among the three groups. The 
relationship between hs-CRP level and arterial 
stenosis was investigated using Pearson product-
moment correlation coefficients. Statistical analysis 
was performed using IBM SPSS Statistics for 
Windows (Version 22.0; IBM Corp., Armonk, NY, 
USA). A statistically significant result is one in 
which the observed P value is < 0.05. 

Results 

Out of 150 patients examined in this study,  
50 patients had unstable angina, 50 patients had 
stable angina, and 50 patients had normal 
angiograms. 61 of the participants were male and  
89 were female. The mean age for male participants 
was 56.6 ± 10.6 and the mean age for female 
participants was 55.5 ± 12.4 years, which did not 
have a statistically significant difference (P = 0.577). 
In addition, 37.7% of men and 46.1% of women 
had hypertension, 32.8% of men and 34.8% of 
women suffered from dyslipidemia, and 29.5% of 
men and 40.4% of women had Type II diabetes, of 
which, none showed statistically significant 
differences (P = 0.115, P = 0.468 and P = 0.198, 
respectively) in three groups. 

As shown in table 1, the male to female ratios 
were 0.28, 1.38, and 0.72 for normal angiography, 
stable angina, and unstable angina groups, 
respectively, where showed a statistically significant 
difference (P < 0.001).  

The percentages of patients with hypertension 
were 34%, 42%, and 52% for normal angiography, 
stable angina, and unstable angina groups, 
respectively. The percentages of patients who 
suffered from dyslipidemia were 32%, 40%, and 
30% in three groups, respectively. In normal 
angiography group, 24% had Type II diabetes. 
Moreover, 42% of patients in stable angina group 

and 36% of patients in unstable angina groups had 
Type II diabetes. 

A chi-squared test was conducted to test 
whether three categories contain the same 
proportion of patients. The results indicated that 
there were not statistically significant differences 
between the proportion of patients with 
hypertension, dyslipidemia, and Type II diabetes in 
unstable angina, stable angina, and normal 
angiography groups (P = 0.190, P = 0.536, P = 0.096). 

Furthermore, the mean hs-CRP level and 
vasoconstriction amount were evaluated based on 
gender, hypertension status, dyslipidemia and diabetes, 
of which hs-CRP levels and vasoconstriction amount 
only showed significant differences between the two 
gender groups. (P < 0.001) (Table 2). 

Table 2 showed the mean and standard 
deviations for hs-CRP, and severity of coronary 
stenosis for patients in normal angiography, stable 
angina, and unstable angina groups. The results are 
presented as mean ± standard deviation (SD). 

A one-way ANOVA was done to see whether 
there are significant differences between the mean 
of hs-CRP levels and severity of coronary stenosis 
among three groups. Primary assumption testing 
was conducted to check for normality and 
homogeneity of variance. The results showed that 
the two assumptions were met. The results of 
ANOVA test indicated a statistically significant 
difference in the mean of the CRP levels among 
three groups (P < 0.001). The results of Tuckey 
pairwise comparison tests showed that the mean of 
CRP level for unstable angina group was 
significantly higher than the other two groups  
(P < 0.001). However, the results did not show a 
statistically significant difference between the mean 
of hs-CRP levels in patients with stable angina and 
patients with normal angiograms (P > 0.050). The 
ANOVA test also revealed that there was not a 
statistically significant difference in the mean 
severity of coronary stenosis among the three 
groups. As depicted in table 2, the same results were 
obtained where the analysis was separately 
conducted on male and female patients. 

 
Table 1. Patients’ characteristics 

Characteristics 
Normal 

angiography 
Stable angina 

Unstable 

angina 
Total P 

Number of patients 50 50 50 150 - 

Male: female raito 0.28 (11.39) 1.38 (29.21) 0.72 (21.29) 0.68 (61.89) < 0.001 

Patients with hypertension (%) 17.00 (34.00) 21.00 (42.00) 26.00 (52.00) 64.00 (42.70) 0.190 

Patients with dyslipidemia (%) 16.00 (32.00) 20.00 (40.00) 15.00 (30.00) 51.00 (34.00) 0.536 

Patients with Type II diabetes (%) 12.00 (24.00) 21.00 (42.00) 18.00 (36.00) 51.00 (34.00) 0.096 
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Table 2. Comparison of high-sensitivity C-reactive protein (hs-CRP) and severity of coronary stenosis among normal 

angiography, stable angina and unstable angina groups 

Variable 

Normal 

angiography 
Stable angina Unstable angina 

P  

N Mean ± SD N Mean ± SD N Mean ± SD 

hs-CRP level        

Male 11 3.09 ± 2.05 29 2.90 ± 2.14 11 6.25 ± 4.14 < 0.001 

Female 39 2.91 ± 2.73 11 1.85 ± 0.84 29 3.82 ± 2.28 < 0.001 

Total  50 2.95 ± 2.57 50 2.46 ± 1.79 50 4.84 ± 3.38 < 0.001 

Severity of coronary stenosis        

Male 11 - 29 12.28 ± 4.90 11 10.05 ± 4.51 0.108 

Female 39 - 11 8.95 ± 6.28 29 9.07 ± 4.47 0.939 

Total 50 - 50 10.88 ± 5.70 50 9.48 ± 4.47 0.663 
hs-CRP: High-sensitivity C-reactive protein; SD: Standard deviation 

 
Furthermore, the mean hs-CRP level and 

vasoconstriction amount were evaluated based on 
gender, hypertension status, presence of 
dyslipidemia and diabetes, of which the mean of hs-
CRP levels and vasoconstriction amount only 
showed significant differences between the two 
gender groups (P < 0.001). 

The relationship between hs-CRP level and 
arterial stenosis was investigated using Pearson 
product-moment correlation coefficients. 
Preliminary analyses were performed to ensure no 
violation of the assumptions of normality and 
linearity. As shown in table 3, for unstable angina 
group, a correlation coefficient of 0.518 indicates 
that there was a significant moderate linear 
relationship between hs-CRP level and severity of 
arterial stenosis (P < 0.001). In addition, the 
correlation coefficient of 0.105 showed that there 
was not a significant linear relationship between hs-
CRP level and arterial stenosis for stable angina 
group (P = 0.958). 

 
Table 3. Correlations between high-sensitivity C-

reactive protein (hs-CRP) level and arterial stenosis in 

stable angina and unstable angina groups 

Variable N 
Correlation 

coefficient (r) 
P 

Stable angina    

Male 29 0.114 0.887 

Female 21 0.101 0.960 

Total 50 0.105 0.922 

Unstable angina    

Male 21 0.531 < 0.001 

Female 29 0.509 < 0.001 

Total 50 0.518 < 0.001 
hs-CRP: High-sensitivity C-reactive protein 

 
Since this study was designed to determine, 

whether, an increase in one variable caused an 
increase in the value of a second variable it would 

seem logical to say that in unstable angina, severity 
of coronary stenosis is more likely to increase when 
hs-CRP increases. 

Discussion 

The previous studies suggest an association between 
serum hs-CRP levels and cardiovascular disease.30-32 
However, in these studies, the predictive potential 
of hs-CRP on cardiovascular events has been 
studied, but the degree of arterial stenosis or the 
relationship with arterial lesion type has not been 
vastly evaluated.33-35 The results of this study 
suggest that hs-CRP levels in patients with coronary 
artery lesions and unstable angina were higher 
compared to patients with stable angina and 
patients with normal angiograms. A significant 
difference was not seen between the serum levels of 
hs-CRP in patients with stable angina and patients 
with normal coronary angiography. Although this 
statistical relationship was present in all CAD 
patients, later analysis showed that this relationship 
is simply due to the linear relationship between hs-
CRP levels and vasoconstriction points in patients 
with unstable angina and this relationship was not 
seen in patients with stable angina. The results of 
previous studies are consistent with our findings. In 
2011 in India, Masood et al. studied 80 patients in a 
similar study which also showed a statistically 
significant relationship between hs-CRP levels and 
the extent of vascular stenosis.36 Furthermore, 
Assadpour Piranfar et al.,37 in 2012, in a study titled 
evaluation of serum hs-CRP with the severity of 
vascular stenosis showed that levels of hs-CRP in 
patients with moderate and severe stenosis was 
significantly more than patients with mild stenosis. 
Consistent results were also found in a study of 
Luo38 in 2010 in China. The results of their study 
also showed that there was a significant relationship 
between the serum levels of hs-CRP and severity of 
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coronary stenosis. In our study and the three 
previously mentioned, the relationship between 
serum hs-CRP levels and the severity of CAD was 
assessed using the Gensini score and comparison of 
the same variables with the same index in the above 
studies indicate the results of these studies are 
consistent. Another strength of this study was a 
large sample size compared to other studies. 
Moreover, patients were studied in three groups: 
patients with stable angina, patients with unstable 
angina, and patients with normal coronary 
angiographies. Furthermore, the mean hs-CRP level 
and vasoconstriction points were evaluated based 
on predisposing factors such as hypertension status, 
dyslipidemia, and diabetes. Similar studies with 
opposite or conflicting results are inevitable in the 
field of research therefore, some studies with 
conflicting results have also been found. For 
example, in a study by Avanzas et al.,29 in 2004 in 
London, the relationship between hs-CRP levels 
and the severity of coronary stenosis showed that a 
significant relationship between arterial stenosis 
points and hs-CRP levels in patients with stable 
angina was not seen. Another study conducted in 
Iran by Kojouri et al.27 in 2010 also suggest that a 
significant correlation between serum hs-CRP levels 
and the degree of stenosis in patients with stable 
angina was not seen. The lack of consistent results 
in different studies can be due to many reasons. 
One of these reasons can be the assessment of 
patients in different research communities or the 
genetic susceptibility of individuals. In this study, 
the mean serum hs-CRP level and arterial stenosis 
in male participants were higher than in female 
participants. In a study by Kojouri et al.,27 mean 
serum hs-CRP levels in male participants with stable 
angina was higher than in female participants. The 
baseline hs-CRP is an important factor in the 
outcome of the research. The median hs-CRP level 
is 1.5-2.2 mg/dl.39 But in our study, the overall 
mean hs-CRP level in patients was 2.84 ± 3.42, 2.95 
± 2.57 mg/l in the normal angiography group, 2.46 
± 1.79 mg/l in the stable angina group and 4.84 ± 
3.38 mg/l in the unstable angina group, which 
shows the high biodiversity of hs-CRP. In this 
study, patients’ medications, their habits and diet, 
level of physical activity, body mass index and body 
fat distribution was not considered. As these factors 
could also influence the results of the study, it is 
recommended that they be addressed in future 
studies. It seems hs-CRP level in patients with 
unstable angina were significantly higher than those 
in patients with stable angina and patients with 

normal coronary angiography. It also appears that 
the level of hs-CRP in patients with unstable angina 
is associated with the severity of coronary stenosis. 
Other studies with a larger volume of patients, 
consideration of contributing factors and multiple 
hs-CRP measurement is recommended. 
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Abstract 

BACKGROUND: Contrast-induced nephropathy (CIN) is a major concern following procedures 
with applying iodinated contrast media. The basis prevention of CIN is hydration and to avoid 
hypovolemia. We aimed to evaluate the efficacy of pentoxifylline (PTX) for the prevention of 
CIN in patients with myocardial infarction (MI) undergoing coronary angioplasty. 

METHODS: This prospective, single-blind, randomized clinical trial study was performed on  
175 (127 men) of MI patients undergoing routine treatment. Patients were assigned randomly to 
the control (n = 84) and study groups (n = 91). In our study group, patients received 400 mg/3 
times a day from 24 hours before to 24 hours after coronary angiography. In addition, before the 
procedure and after 48 hours from the procedure, serum creatinine was measured. 

RESULTS: CIN occurred in 14 patients (8.0%); 8 controls (9.5%) and 6 patients (6.6%) in the 
PTX group )P = 0.475) showing PTX to have no significant effect on CIN [P = 0.750, odds  
ratio = 0.82 (confidence interval = 0.24-2.8)] though a significantly different volume of contrast 
was used between the groups (231.29 ± 105.10 mm3 and 190.88 ± 75.82 mm3; P = 0.005, 
respectively). 

CONCLUSION: There was no significantly different occurrence of CIN on patients with MI, 
undergoing coronary angioplasty, but its relatively lower rate in PTX group would recommend 
the prophylactic oral use of PTX for CIN prevention. 

 

Keywords: Pentoxifylline, Myocardial Infarction, Contrast Media, Angioplasty, Nephropathy, 
Creatinine 
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Introduction 

Coronary angioplasty as a non-surgical procedure is 
widely used in patients with known indications, and 
the contrast dye is used to guidewires through the 
vessels. A known side effect in performing this 
procedure occurs by means of contrast-induced 
nephropathy (CIN), which is the third leading cause 
of new onset renal failure in hospitalized patients. 
CIN is defined as a > 25% increase in baseline 
serum creatinine or > 0.5 mg/dl absolute increase 

in serum creatinine above baseline within 48 hours 
of exposure.1 CIN is recognized as one of the 
complications of contrast media after coronary 
angiography and angioplasty.1-4 Its incidence ranges 
from 2% to 50% in low- and high-risk populations, 
respectively.5 Moreover, CIN incidence is 13% in 
non-diabetic patients and 20% in diabetics.1 

Morbidity, mortality, length of hospitalization, 
and risk of progression toward end-stage renal 
disease are increased due to CIN. Dialysis is needed 
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for about 1% of CIN patients and remains 
permanent in half of these patients.1,5-9 There are 
some risk factors in developing this complication 
including, volume and type of contrast media, 
underlying diseases such as chronic kidney disease, 
diabetes mellitus, and congestive heart failure, and 
also individual factors such as sex, advanced age, 
anemia, and reduced effective circulation volume;10 
CIN pathophysiological mechanism is believed to 
be related to the changes in renal hemodynamics 
and damages on tubular cells caused by free radicals 
or direct toxic effect of the contrast media.11 

A recent agent in preventing CIN is 
pentoxifylline (PTX), a methylxanthine derivative 
with multiple hematologic properties.11 According 
to some of its anti-inflammatory properties, PTX is 
commonly used to treat peripheral vascular diseases. 
Furthermore, there is evidence that PTX reduces 
nitric oxide deterioration and scavenging of free 
radical. However, beneficial effects of PTX in CIN 
are not fully showed in trials, especially in patients 
undergoing angioplasty. 

Spargias et al.12 found that the parenteral use of 
PTX in patients with septic shock could reduce the 
serum levels of some inflammatory cytokines. 
Furthermore, plasma level of PTX peaks within  
2-3 hours after drug ingestion and its oral 
absorption is nearly complete. 

Due to the anti-inflammatory and antioxidant 
effects of PTX, we hypothesized that its oral 
administration before contrast media use might be 
effective in preventing CIN. The purpose of this 
study is to investigate the efficacy of PTX to 
prevent CIN in patients with myocardial infarction 
(MI) who are subjected for coronary angioplasty. 

Materials and Methods 

In view of other trials on risk of nephropathy and 
CIN prevention,13 we calculated sample size of 
study as 87 in each group considering the 
significance level of 0.05 to evaluate the efficacy of 
PTX on prevention of CIN.  

Patients with ST elevation MI and above  
18 years of age who referred for emergency 
angioplasty to the Interventional Cardiology 
Department at Imam Reza Hospital, between 
October 2013 and July 2014, were enrolled into this 
study. All procedures were performed by a single 
interventional cardiologist.  

Exclusion criteria were serum creatinine more 
than 1.5 mg/dl, heart failure, history of end-stage 
renal failure or being on dialysis, use of  
N-acetylcysteine, theophylline, aminoglycosides, and 

non-steroidal anti-inflammatory medicines, and 
intravenous contrast media administration within 
the last 2 days. Besides, patients with pulmonary 
edema, multiple myeloma, and uncontrolled 
hypertension were excluded from the study. This 
study protocol was approved by Ethics Committee 
of Mashhad University of Medical Sciences and 
conforms to the standards currently applied by the 
Iranian Registry of Clinical Trial 
(IRCT2014092819316N1). Written informed 
consent was obtained from all patients.  

This was a prospective, single-blind, randomized 
clinical trial study. The patients were randomly 
allocated to treatment (PTX) or control group. 
Paraclinical tests were done in a single hospital 
laboratory, and laboratory personnel were blinded 
to the study protocol.  

In this study, no placebo was administered for 
the control group. Similar routine preparation for 
angioplasty, including hydration with normal saline 
before and after the protocol, was received in both 
groups before and after the protocol.  

Normal saline 1-1.5 cc/kg was administered 
from 6 hours before to 6 hours after procedure. 
PTX was administrated at a dose of 400 mg 3 times 
a day from referral day until 24 hours after the 
procedure in the treatment group.  

Serum creatinine level was measured for both 
groups in referral time and after 48 hours of 
protocol. Serum creatinine was measured with 
Beckman Coulter SYNCHRON CX5® PRO 
Clinical System during study protocol. 

Iso-osmolar nonionic contrast media iodixanol 
(Vesipaque 320, GE Healthcare, Cork, Ireland) was 
used for performing coronary angioplasties. Mehran 
et al.14 introduced a risk prediction score for the 
development of CIN which we used this to predict 
the risk of CIN in all patients. Our primary end 
point was considered as either a minimum of  
0.5 mg/dl or 25% increase in serum creatinine above 
the baseline, 48 hours after exposure to contrast 
media, which we defined as the occurrence of CIN.  

The data were analyzed using SPSS software for 
Windows (version 16, SPSS Inc., Chicago, IL, USA). 
Normality distribution of quantitative data was 
checked by Kolmogorov–Smirnov test. Continuous 
data were expressed as mean ± standard deviation. 
The Chi-square test was applied for comparison of 
qualitative data between the two groups. Quantitative 
data were checked if normality distributed in each 
group using the Kolmogorov–Smirnov test. Then, the 
independent sample t-test or Mann–Whitney U-test 
was applied for comparison of data between the two 
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groups. Logistic regression was used to control of 
effect of sex, age, history of hypertension, smoking, 
diabetes history, and contrast volume on CIN 
occurrence. All significance tests were two-tailed.  
P < 0.050 considered as significant level. 

Results 

In this study, we recruited a total of 175 patients  
(127 men and 48 women); 91 patients received PTX, 
and 84 were in the control group (Figure 1). The 
demographic data and some paraclinical characteristics 
are presented in table 1. Besides the history of 
hypertension and the level of hematocrit which were 
significantly higher in the PTX group than control 
group (52% vs. 32%; P = 0.020, 43.0 ± 6.7 vs.  
41.0 ± 6.6; P = 0.020, respectively), no significant 
difference was found between the two groups 
regarding age, sex, body mass index, and biochemical 
markers including high-density lipoprotein, low-
density lipoprotein, and triglyceride.  

Vesipaque was the type of contrast media used 
both in the control and PTX groups.  

Statistical analysis showed that there was a 
significant difference between volume of contrast 
used (P = 0.005). We found that CIN occurred in 
14 patients (8%); 8 controls (9.5%) and 6 patients 
(6.6%) in the PTX group, which was not 
significantly different between the two groups  
(P = 0.475) (Table 1). 

Regression analysis by backward method with 
CIN as dependent variable and sex, age, history of 
hypertension, smoking, diabetes history, and 
contrast volume as independent variables showed 
that none of them had significant independent 
effects on CIN occurrence across the two groups of 
study. Mean level of hematocrit had nearly 
significance effect [P = 0.051, odds ratio  
(OR) = 0.92 (confidence interval (CI) = 0.85-1.00)]. 
Moreover, the use of PTX had no significant effect 
on CIN occurrence [P = 0.750, OR = 0.82  
(CI = 0.24-2.8)] (Table 2).  

Our studied patients did not require any renal 
replacement therapy; moreover, there was not any 
hospital mortality in the control and PTX groups. 

 

 
Figure 1. Flowchart of the study 

Assessed for eligibility (n= 213) 

Excluded (n = 30) 

 meeting study’s exclusion criteria (n = 20) 

 Declined to participate (n = 10) 

 

Analysed (n = 84) 

Excluded from analysis (n = 0) 

Lost to follow-up (n = 5) 

Did not receive Pentoxifylline (n = 89) 

Lost to follow-up (n = 3) 

Received Pentoxifylline (n = 94) 

 

Analysed (n = 91) 

Excluded from analysis (n = 0) 

 

Allocation 

Analysis 

After 48hr 

Randomized (n = 183) 
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Table 1. Demographic, clinical, and laboratory data of patients in the two groups 

Variables 
Control group 

(n = 84) 

PTX group 

(n = 91) 
P 

Age
 
(mean ± SD) 57.90 ± 14.27 60.46 ± 14.03 0.270 

Height (cm)
 
(mean ± SD) 165.00 ± 15.10 167.38 ± 8.70 0.679 

Weight (kg)
 
(mean ± SD) 71.72 ± 15.61 72.53 ± 13.87 0.233 

BMI (kg/m
2
)

 
(mean ± SD) 25.06 ± 3.13 25.35 ± 5.25 0.726 

Hematocrit(mean ± SD) 42.75 ± 6.70 41.33 ± 6.60 0.020 

Hemoglobin
 
(mean ± SD) 14.25 ± 1.83 13.60 ± 2.34 0.051 

HDL (mean ± SD) 37.43 ± 13.76 40.25 ± 26.01 0.430 

LDL (mean ± SD) 113.20 ± 44.10 113.20 ± 39.42 0.997 

TG (mean ± SD) 127.90 ± 78.37 113.10 ± 59.08 0.216 

Volume of contrast use mm
3 
(mean ± SD) 231.29 ± 105.10 190.88 ± 75.82 0.005 

Baseline creatinine (mg/dl)
 
(mean ± SD) 1.12 ±0.26 1.147 ±0.424 0.670 

Creatinine after procedure (mg/dl)
 

(mean ± SD) 

1.21 ± 0.36 1.214 ± 0.425 0.990 

Difference in creatinine (mg/dl)
  

(mean ± SD) 

0.09 ± 0.02 0.066 ± 0.011 0.380 

Sex (male)
 
[n (%)] 66 (79.0) 61 (67.0) 0.087 

Diabetes
 
[n (%)] 29 (35.0) 41 (45.0) 0.076 

Hypertension
 
[n (%)] 27 (32.0) 47 (52.0) 0.024 

Incidence of CIN
 
[n (%)] 8 (9.5) 6 (6.6) 0.475 

BMI: Body mass index; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TG: Triglyceride; CIN: Contrast-induced 

nephropathy; PTX: Pentoxifylline; SD: Standard deviation 

 
Table 2. Regression analysis showing the effect of 

multiple variables on contrast-induced nephropathy CIN) 

occurrence after administrating pentoxifylline (PTX) 

Variables OR (95% CI) P  

Sex 0.695 (0.19-2.59) 0.588 

Age 1.019 (0.98-1.07) 0.399 

Hypertension 0.586 (0.18-1.96) 0.386 

Diabetes history 0.830 (0.17-4.00) 0.817 

Hematocrit 0.924 (0.85-1.00) 0.051 

Smoking 1.437 (0.33-6.26) 0.629 

Baseline creatinine 0.304 (0.042-2.19) 0.237 

Volume of contrast use 1.005 (0.99-1.01) 0.083 

PTX use 0.822 (0.24-2.78) 0.750 
OR: Odds ratio; CI: Confidence interval; PTX: Pentoxifylline 

Discussion 

The key finding of this study is that although CIN 
occurrence was shown to be less in the group with 
prophylactic oral PTX, this reduction was not 
significantly different (P = 0.475). There is not any 
animal study about the preventive effect of PTX in 
CIN. However, there is only one clinical study 
about this preventive effect by Firouzi et al. in 
2012.15 Similarly, they also found that PTX could 
reduce, though not significantly, the occurrence of 
CIN in patients undergoing angioplasty.  

Our study was single blind, and laboratory staffs 
that measured the serum creatinine were blinded to 
the treatment status of the patients. Our patients’ 
demographic data and baseline risk factors for CIN 
were similar in the two groups, except for the 

significantly higher prevalence of hypertension and 
hematocrit in the PTX group. There was a 
significant difference in volume of Vesipaque 
between control and PTX group; however, this was 
not correlated significantly with the occurrence of 
CIN which could be the result of selecting patients 
with normal renal function in this study.  

Busch et al.5 revealed that the incidence of CIN 
is significantly lower in low-risk population after 
coronary angioplasty, and as we excluded patients 
with creatinine level of more than 1.5 mg/dl, the 
low incidence of CIN in both groups was 
predictable. Moreover, we reported the overall 
incidence of CIN in the control group to be 9.5%. 
This was recorded 13.69% in Firouzi et al. study,15 
which was comparable to the reported incidence of 
CIN in unselected populations.1 

Prophylactic oral administration of PTX showed 
a trend toward non-significant reduction of CIN 
occurrence (8 patients in control and 6 patients in 
PTX group). However, our two groups were not 
exactly comparable with each other, and after 
performing the logistic regression analysis, the PTX 
independent role in reducing CIN was found to be 
not significant (P = 0.750). 

 In our study, low rate of CIN in both groups 
and a non-significant difference between the groups 
could be due to the selection of low-to-moderate 
risk patients and excluding patients at higher risk. 
Hence, it is possible that the selection of patients 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiHlce2-r_RAhVjOpoKHX2ACrQQFggiMAE&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHigh-density_lipoprotein&usg=AFQjCNG6gUbEDxEsBems0M9eI5dEs9rgrg&sig2=BdW_8K5v3pNlyj80r77_9Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiHlce2-r_RAhVjOpoKHX2ACrQQFggiMAE&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHigh-density_lipoprotein&usg=AFQjCNG6gUbEDxEsBems0M9eI5dEs9rgrg&sig2=BdW_8K5v3pNlyj80r77_9Q
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with higher risk would have shown the efficacy of 
PTX more prominently. In addition, adding PTX to 
N-acetylcysteine and its synergistic effects in 
preventing CIN could also be tested which might 
reduce the probability of CIN. 

Conclusion 

The authors recommend that oral administration of 
PTX in patients with myocardial infarction and low-
to-moderate risk of CIN undergoing coronary 
angioplasty has a non-significant reduction effect on 
CIN. Performing larger trials in higher risk patients 
is suggested to determine the probable protective 
role of PTX. 
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Echocardiographic characteristics of isolated left ventricular noncompaction 
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Abstract 
BACKGROUND:  Although isolated left ventricular noncompaction (ILVNC) has been described 
almost two decades ago, our knowledge about its diagnosis, presentation, echocardiographic 
features and clinical outcome is sparse. We aimed to assess the echocardiographic and clinical 
characteristics of ILVNC in a group of patients referred to our center. 

METHODS:  Patients who were referred to a tertiary referral center, affiliated with Mashhad 
University of Medical Sciences, with primary diagnosis of dilated cardiomyopathy underwent 
comprehensive echocardiographic evaluation. The diagnosis of ILVNC was made based on the 
presence of two-structural layer in myocardium; ratio of noncompacted to compacted layers 
more than 2, and excessive trabeculation in the left ventricle. 

RESULTS: Final diagnoses of ILVNC were made in 42 patients. Mean age of patients was  
32.9 ± 15.6 years (ranging from 9 to 70 years). Females comprised a higher proportion of 
patients (61.9%) and shortness of breath was the most reported symptom among patients 
(47.6%). Non-compacted layers were detected in inferior and lateral segments of apex in 97.6% 
of patients. A total of 26 (61.9%) patients had left ventricle (LV) dysfunction (defined as ejection 
fraction less than 50%). The only factor that showed significant association with LV dysfunction 
was the number of affected segments with noncompaction (P = 0.008). Reduced ejection 
fraction was not associated with either age or sex (P = 0.437 and P = 0.206, respectively). 

CONCLUSION:  Based on the result of the current study, it can be suggested that apex of the heart 
is the most common site of noncompaction and increasing numbers of affected segments might 
be associated with LV dysfunction. 
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Introduction 
Left ventricular noncompaction (LVNC) is described 
as the presence of pronounce trabeculation and deep 
intertrabecular recesses communicating with the 
ventricular cavity.1,2 Histopathologic findings of 
isolated LVNC (ILVNC), obtained intra vitam by 
endocardial biopsy or postmortem are nonspecific. 
Either they are reported as normal or as 
subendocardial fibrosis/fibroelastosis, myocardial 
fibrosis, myocardial disorganization, myocardial 
hypertrophy and degeneration, scarring of the 
myocardium, or signs of inflammation.3 This 
phenomenon was initially considered as a concomitant 
pathology occurring along with other congenital heart 
abnormalities such as pulmonary and aortic atresia, 
and ventricular septal defects.3-5 Therefore, ILVNC, in 

the absence of other cardiac anomalies, was thought to 
be very rare and the prevalence of the isolated form 
has been reported to be as low as 0.3% in the adult 
population.6 It appears that ILVNC is a morphologic 
abnormality with genetic heterogeneity, which involves 
the mutation of G4.5 gene encoding a protein. In 
recent decades, owing to the availability of modern 
imaging modalities, ILVNC has been visualized by 
computed tomography and magnetic resonance 
imaging in addition to echocardiography.4 However, 
echocardiography is the most commonly used imaging 
modality for the diagnosis of LVNC. It has been 
postulated that the malformation is caused by 
intrauterine arrest of physiologic processes involved in 
the morphogenesis of myocardium that leads to an 
alteration of myocardial wall.7,8 
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Although the ILVNC was first described in eight 
cases by Chin et al.,7 still there is no consensus 
among researchers and cardiologists about its 
classification, diagnosis, and definition. In this 
regard, the Word Health Organization and the 
European Society of Cardiology categorized LVNC 
as an unclassified cardiomyopathy in 1995 and 
2008, respectively.9,10 American Heart Association, 
on the other hand, has considered it as a distinct 
primary cardiomyopathy in its statement published 
in 2006.8 Currently, there are three different 
echocardiographic diagnostic criteria available that 
might not lead to single diagnosis in one patient 
suspected for having the disease.7,11-13  

Based on the available data, our knowledge 
about this disease and its clinical features is sparse. 
Therefore, this study was conducted to assess the 
clinical and echocardiographic characteristics of 
patients with ILVNC. 

Materials and Methods 

A cross-sectional descriptive study was conducted 
to assess all patients with ILVNC between 2010 and 
2013 in Mashhad, Iran. Study recruitment was 
performed among patients with suspected diagnosis 
of dilated cardiomyopathy who were referred to a 
tertiary referral center affiliated with Mashhad 
University of Medical Sciences. All participants were 
asked to fill a questionnaire regarding the 
demographic information, their symptoms, and 
family history of heart disease. In addition, all 
patients underwent electrocardiogram (ECG). 
Patients who had no exclusion criteria were enrolled 
and underwent echocardiography to diagnose cases 
with ILVNC. Exclusion criteria were as follows: 
history of coronary heart disease, hypertension, 
systemic illnesses, and primary organ failure. Study 
protocol was in accordance with the latest 
declaration of Helsinki for investigating on human 
subjects and it was approved by local ethics 
committee. Written informed consent was obtained 
from all patients prior to enrollment. 

All patients underwent comprehensive 
transthoracic two-dimensional and Doppler 
echocardiography using a System Five or Vivid 7 
echocardiograph (GE Medical Systems) by a single 
expert cardiologist. Biplane area length method was 
employed to calculate left ventricular ejection 
fraction (LVEF). Measurements of left ventricular 
end-diastolic (LVED) and left ventricular end-
systolic (LVES) dimension were obtained in 
accordance with the recommendations of the 
American Society of Echocardiography.4 Also, right 

ventricle (RV) function was obtained from 
Tricuspid Annular Plane Systolic Excursion 
(TAPSE). RV dysfunction was considered as 
TAPSE less than 16 mm.  

Diagnostic criteria for ILVNC 

Patients were considered to have ILVNC if all the 
following conditions were fulfilled: two-layer 
myocardial structures were detected with the thin 
compacted layer and a think non-compacted layer, 
absence of co-existing cardiac structural 
abnormalities, more than three excessively 
prominent trabeculations and deep intratrabecular 
recesses, and the ratio of end systolic diameter of 
noncompacted to compacted layer at parasternal 
short axis views > 2 in adults and > 1.4 in 
children.11 

SPSS software (version 20.0, SPSS Inc., Chicago, 
IL, USA) was employed to perform all statistical 
analyses. Descriptive data were demonstrated as 
mean and standard deviation, while categorical 
variables were presented as percentage. Chi-square 
test was employed to compare categorical variables. 
Normality of data was checked by Kolmogorov-
Smirnov test (K-S test). The number of affected 
segments’ differences between the two groups of 
normal LV function and low LV function was 
evaluated using Mann-Whitney test. Significance 
level was considered as P value lower than 0.05 in 
all the tests. 

Results 

Among 4540 subjects who underwent 
echocardiography, final diagnoses of ILVNC were 
made in 42 patients. Mean age of patients was  
32.9 ± 15.6 ranging from 9 to 70 years. Study group 
comprised of 26 (61.9%) men and 16 (38.1%) 
women. The most common symptom was 
shortness of breath that was reported by 20 (47.6%) 
of patients, while 11 (26.2%) were asymptomatic. 
Based on New York Heart Association (NYHA) 
classification, 25 (59.5%) participants were 
considered as NHYA class I/II. Only four patients 
had documented history of left ventricular 
noncompaction disease in their first-degree family 
members. Baseline characteristics and ECG of the 
study sample are demonstrated in table 1.  

Thirty-six (85.7%) had an abnormal ECG. 
Abnormalities included left bundle branch block 
(LBBB) (n = 18, 43%), poor R wave progression  
(n = 7, 17%), ST-segment change (n = 6, 14%) and 
T-wave inversion (n = 5, 12%). Also, four patients 
were in atrial fibrillation at the time of diagnosis.  
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Table 1. Demographic and clinical characteristics of 
study group 
Variables N = 42 
Mean age (mean ± SD) 32.9 ± 15.6 
Gender [n(%)]  

Male 26 (61.9) 
Female 16 (38.1) 

NYHA class [n(%)]  
I/II 25 (59.5) 
III/IV 17 (40.5) 

Symptoms [n(%)]  
Asymptomatic 11 (26.2) 
Shortness of breath 20 (47.6) 
Chest pain 11 (26.2) 
Abnormal ECG [n(%)] 36 (85.7) 

Family history of heart disease [n(%)]  
Positive 4 (9.5) 
Negative 38 (90.5) 

NYHA: New York Heart Association; ECG: Electrocardiogram; 
SD: Standard deviation 

 
Ten (23.8%) patients had ventricular 

tachyarrhythmia, which were candidates to receive 
implantable cardioverter defibrillators (ICDs). 
Moreover, no embolic events were detected.  

 
Table 2. Echocardiographic features of study participants  
Variables Mean ± SD 
Ejection Fraction (%) 38.4 ± 14.70 
Left ventricle   

End-systolic volume (cc/m2) 32.0 ± 18.60 
End-systolic diameter (mm/m2) 21.2 ± 5.75 
End-diastolic volume (cc/m2) 53.0 ± 18.10 
End-diastolic diameter (mm/m2) 27.4 ± 5.29 

Pulmonary artery pressure (mmHg) 38.7 ± 16.20 
Left atrium size (mm) 43.8 ± 15.90 
Right ventricle diameter (mm) 30.0 ± 2.32 
TAPSE (mm) 18.5 ± 3.61 
S’ (cm/sec) 11.8 ± 2.24 

SD: Standard deviation; TAPSE: Tricuspid annular plane 
systolic excursion; S’: Peak systolic annular velocity 

 

Echocardiographic features including end-
systolic diameter (ESD), end-systolic volume (ESV), 

end-diastolic diameter (EDD) and end-diastolic 
volume (EDV) of left ventricle, pulmonary artery 
pressure (PAP), and left atrium and right ventricle 
sizes are shown in table 2. Details regarding valvular 
regurgitations and insufficiencies and their severity 
are presented in table 3. The most common site of 
noncompacted layers were the lateral and inferior 
segments of apex (97.6%) (Figure 1).  

A total of 16 (38.1%) patients had normal or 
near normal LV function (LVEF > 50%) and 26 
(61.9%) had LVEF lower than 50%. No significant 
differences were observed between patients with 
and without LV dysfunction regarding age (30.3 vs. 
34.4, P = 0.4) and sex distribution (male to female 
ratio 3:1.16, P = 0.2). Mean value of LVEF was  
38.4 ± 14.7 ranging from 15 to 60 percent. The 
factor that showed significant association with LV 
dysfunction was the number of affected segments 
of the heart by noncompacted layers. Patients with 
normal LV function (EF > 50) had a mean of  
3.37 ± 1.62 affected segments, while the 
corresponding figure in the other group (EF < 50) 
was 6.76 ± 2.01 (P = 0.008). Also, RV dysfunction 
was revealed in eight (19%) patients. 

 

 
 
 

Figure 1. Distribution of the noncompacted segments 
 

Table 3. Frequencies and severities of valvular regurgitation and insufficiency among study population 
Severity of valvular 
regurgitation 

Mitral 
regurgitation 

Tricuspid 
regurgitation 

Aortic 
insufficiency 

Pulmonary 
insufficiency 

Severe 9 (21.40) 1 (2.4) 0 (0.0) 1 (2.4) 
Moderate 4 (9.52) 14 (33.3) 3 (7.1) 4 (9.5) 
Mild 20 (47.60) 26 (61.9) 2 (4.8) 33 (78.6) 
Trace 8 (19.00) 1 (2.4) 7 (16.7) 0 (0.0) 
Absence 1 (2.39) 0 (0.0) 30 (71.4) 4 (9.5) 

Data are shown as number (percent) 
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Discussion 

In the current study, clinical and echocardiographic 
characteristics of a group of patients with ILVNC 
was reported. Subjects were patients with suspected 
dilated cardiomyopathy who were referred to our 
center for diagnosis, management and follow-up. 
The study group was mostly comprised of female 
patients and the most common symptom was 
shortness of breath. Mild valvular insufficiencies or 
regurgitations were observed in most of the 
patients. Shortness of breath was the most common 
symptom and 59.5% of patients were categorized as 
NYHA I/II. Similar findings were demonstrated by 
Oechslin et al. that reported 65% of patients with 
ILVNC had dyspnea classified as NYHA I/II.14  

It is worth noting that prominent trabeculation 
can be seen in 68% of healthy hearts, but the ratio 
between noncompacted and compacted parts never 
reaches 2.15 As suggested in previous studies, we 
used the cut-off value of 2 and 1.4 for adults and 
children, respectively to correctly identify patients 
with ILVNC.11  

The most frequent site of trabeculation was the 
apex of LV (97.6%), which is in accordance with 
the results of previous articles published on this 
subject.14,16,17 Additionally, this emphasizes the 
accuracy of considering the presence of 
trabeculation in apex of the heart as the diagnostic 
criteria. In contrast, diffuse trabeculation of 
myocardial wall indicates secondary pathologies 
such as arterial hypertension or valvular disease, 
compared to segmented trabeculation and 
noncompaction that can be seen in ILVNC.  

Controversial results have been reported 
regarding the association between the number of 
affected segments with noncompaction and the 
prevalence of LV dysfunction. In a study conducted 
by Habib et al., a total of 105 patients with ILVNC 
were reviewed and no correlation was found between 
the numbers of affected segments and lower 
LVEF.16 The same finding was reported by Fazio et 
al.17 In contrast to previous reports, Aras et al. 
showed that the number of segments affected with 
noncompaction can be an independent predictor of 
LV dysfunction.18 The same results were observed in 
the current study. It can be postulated that with the 
increasing number of segments incapable of 
performing normal contraction, the risk of LV 
dysfunction can increase. 

Conclusion 

In conclusion, this report of a series of cases with 
ILVNC showed that the disease has distinct 

echocardiographic patterns and comprehensive 
evaluation of patients with shortness of breath and 
cardiomyopathy can lead to a definite diagnosis. 
Echocardiographic evaluation showed that the apex 
of the heart is the most common site of 
noncompacted layers. Additionally, highly affected 
segments may compromise the heart function and 
reduce LVEF. 
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Abstract 

BACKGROUND: Apium graveolens is one of the well-known herbs used for the treatment of 
different; however, allergic reactions have been reported after its use. This report aimed to 
demonstrate the A. graveolens induced hyperthyroidism after its oral consumption for weight loss. 

CASE REPORT: Mr. A, 48-year-old, with no history of any thyroid diseases, was diagnosed with 
hyperthyroidism due to daily consumption of 4 g of dried celery leaves for 45 days. After 
cessation of consumption and treatment with methimazole, the symptoms remitted. Then, the 
medication was discontinued when the lab tests and ultrasound were normal and indicated the 
patient’s definite recovery. In 2 months follow up of, he was normal and thyroid-stimulating 
hormone (TSH), T4, T3, anti-TSH receptor, anti thyroperoxidase and antithyroglobulin were in 
normal ranges. 

CONCLUSION: Hyperthyroidism may be induced by consumption celery. Although many studies 
have reported side effects such as allergic reactions for this herb, this is the first report of 
hyperthyroidism induced by celery in which the patient recovered after discontinuing the 
medication. Therefore, it can be assumed that celery induces hyperthyroidism as a side effect of 
this herb if it is used for a long term. 

 

Keywords: Hyperthyroidism, Celery, Obesity, Case Report 

 
Date of submission: 09 Feb 2015, Date of acceptance: 29 June 2016 

 

Introduction 
Medicinal herbs have long been ensued in the 
treatment of diseases. Human frustration with 
chemical drugs due to their relatively high side 
effects and peoples’ believing that medicinal herbs 
have no side effects even if they have no benefits, 
led to an increased tendency toward medicinal herbs 
and herbal products.1 

Celery, scientifically known as Apium graveolens, 
is one of the aromatic herbs belonging to Apiaceae 
family. Celery is known for its diuretic, laxative, 
sedative, antispasmodic, antifungal, lipid-lowering, 
antihypertensive, and anti-obesity effects.2,3 In 
addition, it has strong antioxidant properties, 
increases breast milk secretions and reduces the 
toxicity of many drugs and all these effects have been 
proved,4,5 so far central nervous system 
complications, abortion, allergic reactions and the 

risk of anaphylactic shock, especially if it is used with 
renin-angiotensin converting enzyme inhibitor drugs 
have been reported as the clinical side effects of this 
herb and animal studies have reported its role in 
increasing thyroid function tests.6-8 

This report suggests the possibility of another 
important clinical side effect of this herb. 

Case Report 

Mr. A, who is 48-year-old, is 88 kg and has a body 
mass index of 26.3, began taking 4 g/day of celery 
powder that purchased from the sale of medicinal 
herbs center and checked and approved by the 
Medicinal Plants Research Center, for 45 days to 
lose weight. His medication history showed losartan 
25 mg/bid. Five days before taking the herb, 
checkup testing was performed, and all components 
of the test were reported normal. After 45 days, 
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patient’s weight reduced from 88 to 84.5 kg. The 
patient went to the physician for a check-up. 
According to the patient’s physical conditions, 
including weight loss, exophthalmos, and sweating, 
the physician prescribed thyroid function tests for 
him. The test report read thyroid-stimulating 
hormone (TSH) value and T4 level as 0.011 mlU/l 
and 13.1, respectively. Then, for differential 
diagnosis of hyperthyroidism anti thyroperoxidase, 
antithyroglobulin, anti TSH receptor and thyroid 
scan performed and all of them was normal and 
thyroiditis, graves diseases, and drug-induced 
thyrotoxicosis ruled out. The patient began taking 
methimazole 5 mg/bid daily. After 15 and 30 
days, TSH values reached 0.059 mIU/l and 0.125 
mIU/l, respectively, and T4 level became normal. 
Then, the dosage of methimazole was reduced to 
5 mg/day and after 15 days, TSH value and T4 
level reached 0.35 mIU/l and 4.49 mIU/l, 
respectively. Then, the result of thyroid 
ultrasound and TSH concentration were reported 
normal and 15 days after discontinuation of 
methimazole, the patient’s recovery was 
confirmed. He had normal thyroid function tests 
in 2 months follow-up. 

Discussion 

According to patient’s previous state and his 
normal thyroid function tests, we suppose that 
patient’s hyperthyroidism is associated with celery 
consumption. Furthermore, patient’s subsequent 
weight loss can be attributed to this side effect. 
Celery is used in formulations of herbal anti-
obesity products.9 

Furthermore, the patient reported that skin 
eruptions appeared all over his body while he was 
using this herb, which may be attributed to its 
allergic reactions.10 According to experimental 
studies, celery affects thyroid function tests11 which 
is consistent with this study. Therefore, we 
recommend that celery not be used in patients with 
hyperthyroidism and that the thyroid function tests 
be taken into consideration carefully. 
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Abstract 

BACKGROUND: The races show different cerebrovascular involvements, for example, the 
involvement of intracranial arteries are higher among Asians than Caucasians. The aim of this 
study was to investigate the cerebrovascular stenosis pattern by computed tomography 
angiography (CTA), which is unprecedented in Iran. 

METHODS: In this study, patients with brain stroke (thrombosis), confirmed by CT scanning and 
cardiac assessments, who referred to Shafa Hospital in Kerman, Iran, underwent brain and 
cervical arteries CT angiography to assess involved cerebrovascular territories and also its risk 
factors from June 2012 to June 2013. 

RESULTS: We did CTA for 100 patients. Eighty-four cases had cerebral artery stenosis. 
Intracranial vessel involvement alone was observed in 47.6% of patients, simultaneous 
intracranial and extracranial artery stenosis in 26.2%, and extracranial artery stenosis in 26.2%. 
Posterior cerebral artery territory showed the highest degree of vascular stenosis. Posterior 
cerebral artery stenosis alone was observed in 51.3% of the cases; 27.4% of the cases suffered 
from anterior artery stenosis, and 21.6% had simultaneous anterior and posterior cerebral artery 
stenosis. Smokers showed higher extracranial artery involvement compared to non-smokers; 
44% of smokers and 14% of non-smokers had extracranial vertebral involvement. 

CONCLUSION: Our findings showed that intracranial artery involvement was the most prevalent 
finding in patients with thrombotic stroke in Kerman. Also posterior cerebral artery stenosis 
was more prevalent than anterior artery stenosis. Hypertension was the most common risk 
factor. Furthermore, smoking was considered as an important risk factor for extracranial artery 
stenosis, especially in the posterior cerebral artery. 
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Introduction 
Stroke is a sudden neurological deficit, due to the 
disturbance of blood and oxygen supply.1 Stroke is 
one of the main causes of morbidity and is the third 
leading cause of mortality after heart disease and 
cancer, and the second most common cause of 
mortality in developing countries.2 

One of the most important causes of ischemic 
stroke is intracranial atherosclerosis,3 which is 
defined as the skull base large-artery atherosclerosis 
with a poor prognosis.4 The prevalence of 
intracranial atherosclerosis is different in different 
countries.5 In the past two decades, many studies 
have pointed to different intracranial arteries 
stenosis and related risk factors in different races.5-9  

Numerous methods can be done for 
cerebrovascular assessment. Brain and cervical 
computed tomography angiography (CTA) have 
high sensitivity and specificity (98%) for detecting 
intracranial stenosis, providing reliable and fast-
produced information regarding the location of 
obstruction, the segment involved, and the presence 
or absence of collateral arteries,10 with a high 
negative predictive value, unlike Doppler ultrasound 
and magnetic resonance angiography (MRA).11 

Because CTA highlights intracranial artery 
thrombosis in patients with mild symptoms of acute 
stroke, and that this thrombosis increases recurrent 
strokes and worsens the patient’s clinical 
symptoms,7 application of CTA is rising. CTA is a 
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rapidly developing technology with great potentials. 
This is particularly true for evaluating neurovascular 
diseases.12 CTA has been advanced by the 
development of improved multi-detector CT 
(MDCT) and workstations that post-process the 
data.13,14 

Materials and Methods 

Sampling: In this cross-sectional study, we evaluated 
100 patients with thrombotic stroke. The patients with 
suspected stroke, who referred to the Neurological 
Emergency Department of Shafa Hospital in Kerman, 
Iran, underwent physical examination by a neurologist 
from June 2012 to June 2013. After that, brain CT 
scan or Magnetic resonance imaging (MRI) was 
conducted for the suspected patients to confirm 
thrombotic stroke diagnosis.  

Exclusion criteria were hemorrhagic stroke, 
embolic stroke, unstable hemodynamic status, 
impaired renal function or sensitivity to the radio-
contrast agent and those who did not consent.  

Based on a population-based study, risk factors 
for atherosclerosis were defined as hypertension, 
diabetes mellitus and hypercholesterolemia.15 Patients 
with daily dependence on cigarettes and opium were 
considered smoker and opium-addict, respectively. 

Performing CTA: As a part of the diagnosis 
program, brain and cervical CTA (with contrast 
medium 370 mg/ml) were conducted for patients 
with confirmed thrombotic stroke, and without the 
mentioned exclusion criteria (non-invasive 
method).16-18 Findings such as 3-dimention images, 
were assessed by a radiology faculty member to 
determine the involved vascular territories. We used 
descriptive and Student’s t-test for data analysis. 

Results 

Prevalence of the involved vascular territory: 
Eighty-four patients (male = 45, female = 39) had 
visible cerebral artery stenosis. As for the 16 cases 
with no evidence of cerebral and cervical artery 
stenosis in the CTA, the pertaining clinical and 
radiographic symptoms indicated the involvement 
of intracranial small artery. Concerning risk factors 
analysis (sex, mean age of patients, rate of smoking, 
opium addiction, hypertension, diabetes and 
hyperlipidemia), no significant relationship was 
observed between the two groups, with small and 
large artery stenosis. The involvement of middle 
cerebral artery was more than twice of anterior 
cerebral artery.  

Investigation of risk factors: Seventy-three 
percent of the cases were hypertensive. Extracranial 

artery involvement was significantly higher in men 
than in women (40 vs. 10%) (P = 0.003), while, 
women showed higher simultaneous intra- and 
extracranial artery stenosis (P = 0.003). 

Intracranial vertebral artery involvement was 
significantly higher in women (38.5%) than in men 
(13.3%) (P = 0.008). Whereas, extracranial vertebral 
artery involvement was higher in men (P = 0.030). 

About 44% of smokers and 14% of non-
smokers had extracranial vertebral involvement, 
which was statistically significant (P = 0.030). 

There was no significant relationship between age, 
hyperlipidemia, diabetes mellitus, opium-dependence, 
and intra- and extracranial artery involvement. 

As for risk factor analysis in the two groups, 
concerning the involvement of posterior and 
anterior cerebral circulation, hypertension was 
observed in 62% and smoking in 53% of ischemic 
stroke patients, within the territory of posterior 
cerebral circulation. Involvement of posterior 
cerebral circulation was significantly higher in 
smokers, than in non-smokers (P = 0.040). 
However, no significant relationship was observed 
between gender, age, high blood cholesterol, 
diabetes, opium-dependence, and anterior/posterior 
cerebral circulation involvement. 

Discussion 

Intracranial atherosclerosis is a major cause of 
ischemic stroke. Frequency of atherosclerosis is 
different in different races. Intracranial artery 
involvement is more common in Asian races. 
Information on ischemic stroke patients in Iran, 
according to the findings of Doppler ultrasound, 
indicated that extracranial artery involvement was 
higher than that of intracranial artery.19-21 Of the 
studied cases, 16% had no involvement, which 
might be due to small artery disorders. In general, 
CTA may slightly underestimate stenosis.13 

The present study reported an intracranial artery 
involvement of 47.6%, which confirms the results 
of the majority of studies conducted in Asia. In a 
study in South Korea, the intracranial artery 
involvement was reported in 26.4% of the cases, 
simultaneous intra- and extracranial artery 
involvement in 39%, and extracranial artery 
involvement in 12.2% of the cases.22 Another study 
in China reported 29% intracranial artery 
involvement, 9% extracranial, 43% simultaneous 
and no stenosis in 19% of cases.23  

A study in Netherlands showed an exceeding 
30% intracranial artery stenosis in 36% of the cases, 
mostly present in posterior cerebral circulation 
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(67%), which matches our findings in terms of the 
territory of the involved arteries, but against with 
some studies in Europe, as well as a study in 
Iran.19,21 Paciaroni et al.24 studied the correlation 
between the potential causes of stroke (TOAST 
etiological groups) and the involvement of different 
vascular territories seen on CT scans in patients 
with ischemic stroke. Large artery disease was the 
main cause of entire middle cerebral artery (MCA) 
territory infarcts (40.9%), superficial MCA territory 
infarcts (35.7%), and watershed infarcts (68.2%).24 
Chung et al.25 studied a consecutive series of 2702 
acute ischemic stroke patients whose stroke lesions 
were confirmed by diffusion weighted imaging and 
who underwent a thorough etiological investigation. 
Large artery atherosclerosis (37.3%) was the most 
common stroke subtype, and MCA (49.6%) was the 

most frequently involved territory. Large‐artery 
atherosclerosis was the most common subtype for 
anterior cerebral, middle cerebral, vertebral, and 
anterior and posterior inferior cerebellar artery 
territory infarctions.25 Maybe different conclusions 
are due to different methodologies; for example 
studies done in Iran used Doppler ultrasound, 
which has a lower sensitivity in finding intracranial 
stenosis, especially those of posterior cerebral 
circulation.10,11 

Our finding of higher prevalence of stenosis in 
the territory of posterior cerebral circulation is 
against reported results by other studies in Asia, 
which similarly employed CTA.11 These studies 
reported the middle and carotid cerebral arteries as 
the most common involved arteries,22,23,26 which 
may be a result of racial differences. Smokers, in our 
study, suffered from a higher extracranial artery 
involvement, which is supported by a study in 
China.27  

The most common risk factors for patients with 
posterior cerebral artery stroke were hypertension 
(62%), followed by smoking (53%). The study by 
Mousavi and Hoseini showed similar risk factors, 
where smoking was reported more common in 
patients with posterior, rather than anterior cerebral 
artery involvement.28 Against our findings, Lee et al. 
reviewed consecutive patients with acute posterior 
cerebral artery territory infarction who underwent 
diffusion-weighted MRI (DWI) and MRA within  
7 days after onset. In this study, hypertension  
(n = 144, 70.2%) was the most prevalent risk factor, 
followed by diabetes (n = 74, 36.1%), smoking  
(n = 60, 29.3%), hyperlipidemia (n = 46, 36.1%), 
previous stroke (n = 35, 17.1%), heavy alcohol 
drinking (n = 29, 14.1%), and other potential risk 

factors (n = 21, 10.2%).29 

Our study has limitations. First, vascular 
evaluation was performed by CTA, but not 
conventional angiography. Second, transesophageal 
echocardiography and longtime Holter monitoring 
were performed in a limited number of patients. As 
discussed earlier, this might have underestimated 
the frequency of cardiac emboli. However, we 
attempted to document the source of embolism 
whenever an embolism was suspected. 

Conclusion 

Our findings showed that intracranial artery 
involvement was the most prevalent finding in 
patients with thrombotic stroke in Kerman. Also, 
posterior cerebral artery stenosis was more 
prevalent than anterior artery stenosis and 
hypertension was the most common risk factor. 
Furthermore, smoking was considered as an 
important risk factor for extracranial artery stenosis, 
especially in the posterior cerebral artery. 
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