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   INSTRUCTIONS FOR AUTHORS 
 

MANUSCRIPTS 
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 

http://arya.mui.ac.ir/documents/AuthorshipForm.doc
http://arya.mui.ac.ir/documents/AuthorshipForm.doc
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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. 

http://www.ncbi.nlm.nih.gov/mesh
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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 

the value and validity of the paper. If the associate 
editor believes that even with favorable reviews the 
paper would not be published because it lacks novelty 
or importance, or if he/she spots a major flaw in 
experimental design, performance or statistical 
analysis the manuscript is returned to the authors.  
If, on the other hand, the associate editor believes 
that the paper may merit publication, it is sent to two 
of our outside reviewers. They are asked to provide a 
frank evaluation of the scientific validity of the manuscript, 
insight into its freshness, clinical impact, and timeliness, and an 
overall opinion of its worthiness for publication. This is 
the key step in manuscript evaluation. As editors, we 
are grateful to all our reviewers for their continued 
contribution to the rating process. We are careful not 
to refer to them as "referees," which would suggest 
that the decision to publish a paper rests entirely with 
them. It does not. The reviewers provide critiques and 
advice that the editorial staff uses in making decisions.  
But we, ARYA editorial board, make the decisions.  
When both outside reviews are returned, the associate 
editor then assesses the manuscript again, along with 
the comments of the reviewers. She may seek 
additional opinions from other reviewers, or may 
discuss the manuscript at a meeting of the entire 
editorial staff. At this meeting a decision is made 
either to reject the paper or to proceed further 
editorial consideration, including, if appropriate, a 
formal review of the statistical or experimental 
methods. In some cases, the editorial staff may 
recommend additional review by outside reviewers. 
On completion of this process, the manuscript is 
usually returned to its authors along with a letter 
inviting them to revise it and to respond to certain 
questions. When all the requested information has 
been received, the manuscript is reconsidered by an 
associate editor, and it may be discussed again with 
other members of the editorial staff. We then make 
our final decision to accept or reject the paper.  
We recognize that the peer-review process is not 
perfect, but we earnestly believe that it is the best way 
to select and publish the most important medical 
research. Peer review is labor-intensive and 
sometimes time-consuming, but without it physicians 
themselves would have to assess the validity of new 
medical research and decide when to introduce new 
treatments into practice.  
We do all our efforts to finalize this process in a 3 to 4 
months period for each manuscript. 
We understand the importance of a submitted 
manuscript to its authors. We invite you to submit 
your best research to us; we will treat it with 
respect, and you can follow it on its journey.  

http://www.icmje.org/
http://www.equator-network.org/
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Type of Articles Considered to be Published in  
ARYA Atherosclerosis Journal 

 

ARYA Atherosclerosis is a quarterly peer-reviewed scientific Journal providing academically sound, clinically 
practical information for physicians, medical scientists and health care providers. ARYA Atherosclerosis is 
published by Isfahan Cardiovascular Research Institute. Journal editors review articles in fields of 
atherosclerosis, its risk factors and related diseases. 

 
ORIGINAL RESEARCH 

 Original Articles are scientific reports of the 
results of original clinical research. The text is 
limited to 3000 words (excluding abstracts and 
references), with a structured abstract, a maximum 
of 5 tables and figures (total), and up to 40 
references.  

 Special Articles include data and generally focus 
on areas such as economic policy, ethics, law, or 
health care delivery. The text is limited to 3000 
words, with an abstract, a maximum of 5 tables and 
figures (total), and up to 40 references.  

  Short communication articles are short 
scientific entities often dealing with methodological 
problems or with byproducts of larger research 
projects and are suitable for the presentation of 
research that extends previously published research. 
A short communication is for a concise, but 
independent report representing a significant 
contribution to cardiology. Short communication is 
not intended to publish preliminary results. It 
should be no more than 1500 words, and could 
include two figures or tables. It should have at least 
8 references. Short communications are also sent to 
peer review. 

 
CLINICAL CASES 

 Brief Reports usually describe one to three 
patients or a single family. The text is limited to 
2000 words, a maximum of 3 tables and figures 
(total), and up to 25 references. They do not include 
an abstract.  

 Clinical Problem-Solving manuscripts consider 
the step-by-step process of clinical decision making. 
Information about a patient is presented to an 
expert clinician or clinicians in stages (in the 
manuscript this is indicated in boldface type) to 
simulate the way such information emerges in 
clinical practice. The clinician responds (regular  

 

type) as new information is presented, sharing his 
or her reasoning with the reader. The text should 
not exceed 2500 words, and there should be no more 
than 20 references. The use of clinical illustrative 
materials, such as x-ray films, is encouraged.  

 
REVIEW ARTICLES 

All review articles undergo the same peer-review 
and editorial process as original research reports. 

Conflicts of Interest: Because the essence of review 
articles is selection and interpretation of the literature, 
the ARYA Atherosclerosis Journal expects that the 
authors of such articles will not have a significant 
financial association with a company (or its 
competitor) that makes a product discussed in the 
article.  

 Clinical Practice articles are evidence-based 
reviews of topics relevant to practicing physicians, 
both primary care providers and specialists. Articles 
in this series should include the following sections: 
clinical context, strategies and evidence, areas of 
uncertainty, guidelines from professional societies, 
and recommendations from the authors. The text is 
limited to 2500 words, and a small number of 
figures and tables. They do not include an abstract.  

 Current Concepts articles focus on clinical 
topics, including those in specialty areas but of wide 
interest. The text is limited to 2400 words, with a 
maximum of four figures and tables (total), and up 
to 50 references. They do not include an abstract.  

 Drug Therapy articles detail the pharmacology 
and use of specific drugs or classes of drugs, or the 
various drugs used to treat particular diseases. The 
text is limited to 4000 words, with a maximum of 
six figures and tables (total), and up to 120 
references. They do not include an abstract.  

 Mechanisms of Disease articles discuss the 
cellular and molecular mechanisms of diseases or 
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categories of diseases. The text is limited to 3500 
words, with a maximum of six figures and tables 
(total), and up to 100 references. They do not 
include an abstract.  

 Medical Progress articles provide 
comprehensive, scholarly overviews of important 
clinical subjects, with the principal (but not 
exclusive) focus on developments during the past 

five years. Each article details how the perception 
of a disease, disease category, diagnostic approach, 
or therapeutic intervention has evolved in recent 
years. The text is limited to 3500 words, with a 
maximum of six tables and figures (total), and up to 
100 references. They do not include an abstract.  

 

OTHER SUBMISSIONS 

 Editorials usually provide commentary and 
analysis concerning an article in the issue of the 
Journal in which they appear. They may include an 
illustration or table. They are nearly always solicited, 
although occasionally, unsolicited editorials may be 
considered. Editorials are limited to 1200 words, 
with up to 15 references.  

 Perspectives are also nearly always solicited, but 
we are willing to consider unsolicited proposals. 
Perspectives provide background and context for an 
article in the issue in which they appear. Perspectives 
are limited to 800 words and usually include an 
illustration. There are no reference citations.  

 Sounding Board articles are opinion essays. They 
are similar to editorials but not tied to a particular 
article. They often present opinions on health policy 
issues and are normally unsolicited. The text is limited 
to 2000 words.  

 Clinical Implications of Basic Research 
articles discuss single papers from preclinical 
journals. The purpose is to explain the findings and 
comment on their possible clinical applications in 
fewer than 1000 words. There may be one figure 
and up to four references. We do not consider 
unsolicited manuscripts in this category.  

 Images in Clinical Medicine are classic images 
of common medical conditions. Visual images are 
an important part of much of what we do and learn 
in medicine. This feature is intended to capture the  
 

 
 

sense of visual discovery and variety that physicians 
experience. Images in Clinical Medicine are not 
intended as a vehicle for case reports.  

 Special Reports are miscellaneous articles of 
special interest to the medical community. They are 
limited to 2700 words.  

 Legal Issues in Medicine are nearly always 
solicited, but Journal is willing to consider 
unsolicited manuscripts or proposals for 
manuscripts.  

 Health Policy Reports are nearly always 
solicited, but Journal is willing to consider 
unsolicited manuscripts or proposals for 
manuscripts.  

 Occasional Notes are accounts of personal 
experiences or descriptions of material from outside 
the usual areas of medical research and analysis.  

 Book Reviews are generally solicited.  

 Letters to the Editor: Letters to the Editor are 
considered for publication (subject to editing and 
abridgment) provided they do not contain material 
that has been submitted or published elsewhere. 
The text, not including references, must not exceed 
175 words if it is in reference to a recent Journal 
article, or 400 words in all other cases. A letter must 
have no more than five references and one figure or 
table. It must not be signed by more than three 
authors. Letters referring to a recent Journal article 
must be received within three weeks of its 
publication. 
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Combination of atorvastatin/coenzyme Q10 as adjunctive treatment in congestive 
heart failure: A double-blind randomized  

placebo-controlled clinical trial 

Masoud Pourmoghaddas(1), Majid Rabbani(2), Javad Shahabi(3),  
Mohammad Garakyaraghi(4), Reza Khanjani(2), Pegah Hedayat(5) 

 

Abstract 
BACKGROUND:  Heart failure is one of the leading causes of mortality, is a final common 
pathway of several cardiovascular diseases, and its treatment is a major concern in the science of 
cardiology. The aim of the present study was to compare the effect of addition of the coenzyme 
Q10 (CoQ10)/atorvastatin combination to standard congestive heart failure (CHF) treatment 
versus addition of atorvastatin alone on CHF outcomes. 

METHODS:  This study was a double-blind, randomized placebo-controlled trial. In the present 
study, 62 eligible patients were enrolled and randomized into 2 groups. In the intervention 
group patients received 10 mg atorvastatin daily plus 100 mg CoQ10 pearl supplement twice 
daily, and in the placebo group patients received 10 mg atorvastatin daily and the placebo of 
CoQ10 pearl for 4 months. For all patients echocardiography was performed and blood sample 
was obtained for determination of N-terminal B-type natriuretic peptide, total cholesterol, low 
density lipoprotein, erythrocyte sedimentation rate, and C-reactive protein levels. 
Echocardiography and laboratory test were repeated after 4 months. The New York Heart 
Association Function Class (NYHA FC) was also determined for each patient before and after 
the study period. 

RESULTS: Data analyses showed that ejection fraction (EF) and NYHA FC changes differ 
significantly between intervention and placebo group (P = 0.006 and P = 0.002, respectively). 
Changes in other parameters did not differ significantly between study groups. 

CONCLUSION:  We deduce that combination of atorvastatin and CoQ10, as an adjunctive treatment 
of CHF, increase EF and improve NYHA FC in comparison with use of atorvastatin alone. 

 

Keywords: Coenzyme Q10, Atorvastatin, Clinical Trial, Congestive Heart Failure 
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Introduction 

Heart failure (HF) is one of the leading causes of 
mortality in the world and is a final common 
pathway of several cardiovascular diseases such as 
hypertension, myocardial infarction, volume 
overload, and cardiomyopathies.1,2 

For the vast majority of patients, angiotensin-
converting enzyme inhibitors (ACEI), angiotensin 
receptor blockers (ARB), beta-blockers, diuretics, 
and digoxin are the main treatment choices.3 

Recent studies mentioned the role of oxidative 
stress and inflammation in the treatment of heart 
failure. Statins play an important role in lowering 
the pro-inflammatory markers in congestive heart 
failure (CHF) patients independent of their lipid 
lowering effect which triggered their use as an 
adjunctive therapy in CHF.4 Coenzyme Q10 
(CoQ10) is a vitamin-like agent which is structurally 
similar to vitamin K.5 It was first isolated from beef 
mitochondria in 1957 and then found in other 

Original Article  



 

 
 

www.mui.ac.ir 14 Jan  

 Atorvastatin/coenzyme Q10 in congestive heart failure 

2      ARYA Atheroscler 2014; Volume 10, Issue 1 

organs such as the heart, brain, and liver.6 CoQ10 is 
a fat soluble quinon which enhances cell membrane 
stabilization and mitochondrial energy production, 
and also has antioxidant effects.7,8 Recent studies 
have shown that statins have antioxidant activity, by 
means of activation of superoxide dismutase; 
moreover, some statins have been shown to reduce 
the endogenous CoQ10 levels through inhibition of 
3-hdroxy 3-methyl glutaryl CoA reductase (HMG-
CoA reductase).9 

Previous studies showed that serum CoQ10 
levels are lower in CHF patients than in the normal 
population which shows the importance of using its 
supplement in Patients with CHF.10 

 As mentioned above, statins and CoQ10 can be 
used as adjuncts in the treatment of CHF due to 
their anti-inflammatory and antioxidant effects, 
respectively. However, this matter remains a 
controversial issue.9,11-13 The aim of the present 
study was to compare the effect of the addition of 
atorvastatin/CoQ10 combination to standard CHF 
treatment with that of the addition of atorvastatin 
alone on CHF outcomes. 

Materials and Methods 

Trial design and participants 
This study was a single centre, double blind, 
randomized, placebo-controlled clinical trial with 
parallel design which was performed in Chamran 
Hospital, a tertiary referral centre in Isfahan, Iran. 
During a period of 7 months, May 2012 to February 
2013, 62 consecutive patients who met the inclusion 
criteria were enrolled in the study. Eligibility criteria 
were documented CHF, ejection fraction (EF) of less 
than 40%, compensated heart failure without hospital 
admission during the previous 3 months, no change 
in type and dose of medications in the last months, 
and New York Heart Association Function Class 
(NYHA FC) 2 to 4. Patients were excluded if any of 
the following criteria were present: acute coronary 
syndrome developing in the last month; active 
myocarditis; active pericarditis; uncontrolled 
hypertension; hepatic failure (Child B, C); pulmonary 
or renal failure; and heart failure with KILLIP 
classification 3 and 4. 

Written informed consents were obtained from 
all patients for authorized use of their medical 
records for research purposes. Moreover, the 
protocol was approved by the ethical committee of 
our university. 

In this study, a sample size of 30 in each group 
was calculated using statistical formula considering 
α = 0.05 and β = 0.2. This study was a double blind 

trial. For the purpose of blindness of patients, 
placebo was made with the same shape and size of 
the actual drugs, and for the blindness of physicians 
the drugs were delivered to patients by one of the 
study investigators who did not perform the 
echocardiography and determination of NYHA FC 
grade. 
Intervention 
Patients who enrolled in the study were randomly 
divided into 2 groups, using Random Allocation 
Software the sequence generation was performed by 
one of the study investigators who did not play a 
role in the clinical assessments and drug delivery to 
patients.14 Patients in the first group (intervention) 
received 10 mg atorvastatin (Abidi, Iran) daily plus 
CoQ10 pearl supplement (USA, manufactured in 
Sobhan, Isfahan, Iran) with the dose of 100 mg twice 
daily for 4 months. In the other group (placebo), 
patients received 10 mg atorvastatin daily and the 
placebo of CoQ10 pearl, with the same shape and 
size of the drug, for 4 months. Placebo pearls were 
produced in the School of Pharmacology of Isfahan 
University of Medical Sciences. In both study groups, 
patients received standard CHF medication. The 
drugs were delivered to patients by one of the study 
investigators. The dose of drugs used in this study 
was determined according to previous studies 
performed in this field.5 
Assessments and outcomes 
In all patients, baseline data including age, sex, 
weight, history of diabetes and myocardial 
infarction, previous use of beta blockers, and ACEI 
were collected. In the first visit, for each patient, 
echocardiography was performed using Vivid 7, 
USA device by one of the study investigators (JS) 
who was blinded to the patients’ group. EF and 
cardiac index (CI) were determined. Blood samples 
were taken and N-terminal B-type natriuretic 
peptide (NT-proBNP), total cholesterol (TC), low 
density lipoprotein (LDL), erythrocyte 
sedimentation rate (ESR), and C reactive protein 
(CRP) levels were recorded. NYHA FC was also 
determined for each patient. Glomerular filtration 
rate (GFR) was calculated. After the study period  
(4 months), echocardiography was repeated by the 
same device and the same investigator, NYHA FC 
was calculated for the second time, and laboratory 
tests were checked again in the same laboratory in 
which previous tests had been performed. The 
primary outcome of this study was the effect of the 
addition of the atorvastatin and CoQ10 
combination supplement to standard regiment on 
cardiac EF, in comparison with atorvastin and 
placebo. Secondary outcomes were the comparison 
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of change in NYHA FC, CI, NT-proBNP, TC, 
LDL, ESR, and CRP. 
Statistical analysis 
Statistical analysis was performed using SPSS for 
Windows (version 16; SPSS Inc., Chicago, IL, 
USA). Student’s t-test was used for parametric 
variables, chi-square test was used for 
nonparametric variables, and Man-Whitney test for 
data without normal distribution pattern. Statistical 
difference was considered significant if P < 0.05. 

Results 

During the period of the project a total number of 
62 patients were enrolled in the study. Patients’ 
enrolment, allocation, and follow up are shown in 
figure 1. 

Demographic data in both study groups are 
shown and compared in table 1. There was no 
statistically significant difference in study 
parameters between the groups. All patients had 
used ACEI and beta blocker before the study 

began. After 4 months, all patients were alive and 
came back for follow up.  

Data analyses showed EF and NYHA FC 
changed significantly before and after the study 
period in the intervention group; however, these 
changes were not significant in the placebo group  
(P < 0.01 for both parameters). Other parameter 
changes did not differ significantly between the 
study groups. Detailed data are shown in table 2. 

Discussion 

The aim of the present study was to compare the 
effect of the addition of the CoQ10/atorvastatin 
combination to standard CHF treatment with that of 
the addition of atorvastatin alone on CHF outcomes. 
Our study results showed that EF, as the primary 
outcome of the study, increased significantly in the 
intervention group in comparison with the placebo 
group. Among secondary outcomes, NYHA FC 
decreased significantly in the intervention group in 
comparison with the placebo group. 

 
 

 

 

 

 

 

 

 

 

 
Figure 1. Patients’ enrolment, allocation, and follow up 

 
Table 1. Demographic data in the study groups 

 Intervention group (n = 32) Placebo group (n = 30) P 

Age 50.70 ± 12.5 54.47 ± 14.6 0.27 

GFR (ml/minute) 72.29 ± 19.7 64.20 ± 20.7 0.12 

Male 23 (71.9%) 22 (73.3%) 0.89 

History of diabetes  7 (21.9%) 11 (36.7%) 0.20 

History of MI 13 (40.6%) 14 (46.7%) 0.63 
Data are presented as mean ± standard deviation and number (%); GFR: Glomerular filtration rate, MI: Myocardial infarction 

Patients declined to participate in 
the study (n = 9) 

Eligible patients were referred 
(n = 71) 

Patients included in the study 
and allocated (n = 62) 

Patients allocated to the 
intervention group (n = 32) 

Patients allocated to the placebo 
group (n = 30) 

Completed the study and analysed 
(n = 32) 

Completed the study and analysed 
(n = 30) 
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Table 2. Comparison of parameters between study groups before and after the study period 

 Intervention group 
P 

Placebo group 
P 

Mean’s 
difference 

Standard 
error P 

Baseline 4 months Baseline 4 months 
EF 18.7 ± 10.3 24.2 ± 14.5 0.003* 26.2 ± 9.1 25.8 ± 9.7 0.23 5.98 2.11 0.006* 
CI 4.2 ± 1.7 4.4 ± 1.8 0.360 3.8 ± 1.4 4.0 ± 1.3 0.41 -1.56 1.74 0.370 
NYHA 
FC 

2.7 ± 0.7 2.3 ± 0.7 0.025* 2.9  ± 0.8 2.7 ± 0.7 0.17 -0.48 0.15 0.002* 

CRP 3.7 ± 2.1 3.5 ± 2.3 0.130 4.6 ± 2.7 4.5 ± 3.3 0.22 -0.14 0.40 0.900 
ESR 13.6 ± 13.3 11.6 ± 15.2 0.110 6.7 ± 5.1 6.3 ± 4.6 0.31 1.83 5.76 0.750 
LDL 106.7 ± 32.8 93.4 ± 29.3 0.150 87.4 ± 15.7 88.1 ± 16.0 0.42 0.02 0.34 0.930 
TC 120.2 ± 39.7 114.2 ± 44.2 0.130 146.0 ± 40.1 138.2 ± 40.8 0.35 -0.09 0.69 0.890 
NT-
proBNP 

561.9 ± 293.7 541.6 ± 469.0 0.510 518.1 ± 218.5 484.6 ± 186.6 0.38 13.23 81.80 0.870 

Data are presented as mean ± standard deviation; NYHA FC: New York Heart Association Functional Class; EF: Ejection fraction;  
CI: Cardiac index; CRP: C -reactive protein; ESR: Erythrocyte sedimentation rate; LDL: Low density lipoprotein; TC: Total cholesterol; 
NT-proBNP: N- terminal B-type Natriuretic Peptide 
* P < 0.05 considered significant 

 

Langsjoen and Langsjoen have evaluated heart 
failure outcome by the administration of CoQ10 
supplement and found an increase in EF and 
notable clinical improvement by decrease in NYHA 
FC.15 In line with this study and several other 
studies, including a recent meta–analysis performed 
by Sander et al5, Okello et al9 and Fotino et al.16 in 
this field we found an increase in EF and decrease 
in NYHA FC. The effect of CoQ10 on EF can be 
explained in this way that CoQ10 reduces the 
reactive oxygen species which rise in heart failure; 
on other hand, CoQ10 reduces peripheral vascular 
resistance and improves the heart pomp to push 
blood.17-20  

In a meta-analyses performed by sander et al., 
they mentioned that patients who use heart failure 
treatment, including ACEI, may not be gain benefit 
by using CoQ10 for EF improvement; however, in 
contrast with this study we found that in patients 
who are using ACEI drugs, EF increased by 
administration of CoQ10 supplement.5 

Previous studies mentioned that CoQ10 
supplement improves lipid profile. Shojaei et al., in 
their study, revealed that CoQ10 supplement reduces 
serum lipoprotein (a) level in patients using statin, but 
other serum lipids did not change significantly which 
can be due to the concomitant use of statin.21 In line 
with this study, our results showed that although 
there is reduction in TC and LDL, the difference of 
this change between study groups was not significant. 

About the other markers, such as BNP, ESR, and 
CRP, although there was a decrease in their level, the 
difference between the 2 groups was not significant. In 
line with our study, the study by Okello et al. showed a 
decrease in pro-inflammatory markers by the 

administration of CoQ10 as an adjunctive treatment of 
heart failure.9 

Our study also had a limitation; the follow up in 
our study was 4 months. Furthermore, studies with 
longer follow up period are recommended in order 
to evaluate survival rate. 

In conclusion, we deduce that the combination 
of atorvastatin and CoQ10 as an adjunctive 
treatment of heart failure increase EF and improve 
NYHA FC in comparison with single use of 
atorvastatin. We did not found a difference in other 
parameters such as ESR, CRP, LDL, TC, NT-
proBNP, and CI. 
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Comparison of competing risks models based on cumulative incidence function in 
analyzing time to cardiovascular diseases 

Minoo Dianatkhah(1), Mehdi Rahgozar(2), Mohammad Talaei(3), Masoud Karimloua(2), 
Masoumeh Sadeghi(4), Shahram Oveisgharan(5), Nizal Sarrafzadegan(6) 

 

Abstract 
BACKGROUND: Competing risks arise when the subject is exposed to more than one cause of 
failure. Data consists of the time that the subject failed and an indicator of which risk caused the 
subject to fail. 

METHODS: With three approaches consisting of Fine and Gray, binomial, and pseudo-value, all 
of which are directly based on cumulative incidence function, cardiovascular disease data of the 
Isfahan Cohort Study were analyzed. Validity of proportionality assumption for these 
approaches is the basis for selecting appropriate models. Such as for the Fine and Gray model, 
establishing proportionality assumption is necessary. In the binomial approach, a parametric, 
non-parametric, or semi-parametric model was offered according to validity of assumption. 
However, pseudo-value approaches do not need to establish proportionality. 

RESULTS: Following fitting the models to data, slight differences in parameters and variances 
estimates were seen among models. This showed that semi-parametric multiplicative model and 
the two models based on pseudo-value approach could be used for fitting this kind of data. 

CONCLUSION: We would recommend considering the use of competing risk models instead of 
normal survival methods when subjects are exposed to more than one cause of failure. 

 

Keywords: Competing Risks, Cumulative Incidence Function, Fine and Gray Model, Binomial 
Approach, Pseudo-value Approach, Cardiovascular Diseases 
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Introduction 

Problems involving competing risks are common in 
medical researches, where (K > 0) competing causes 
of failure may occur. Occurrence of any of the risks 
causes failure or death and precludes the occurrence 
of other competing risks.1,2 For such data one 
observes only the failure time and a cause of failure 
for each subject in the study. Methods for 
estimating the probability of failure for events that 
are subject to competing risks are not new. It is still 
quite common to see inappropriate methods used to 
estimate such probabilities for endpoints that suffer 

from competing risks.1 
Generally, two types of analysis can be 

performed when competing risks are present; 
modeling cause-specific and sub-distribution hazard 
or cumulative incidence function.3,4 The Cox 
regression modeling for each event is an example of 
the first type. In such a model a subject who has 
failed in other competing risks is treated as a 
censored subject. This method is valid if the 
censoring distributions are independent.5 Multi-state 
models that do not require the existence of potential 
failure times and Aalen additive hazards model are 

Original Article 



 

 
 

www.mui.ac.ir 14 Jan  

 Dianatkhah, et al. 

 ARYA Atheroscler 2014; Volume 10, Issue 1       7 

other examples of the first type of modeling.6,7 
Klein modeled covariate effects using this method.7 
For the second type, we can find the Fine and Gray8 

method, the binomial approach suggested by 
Scheike and Zhang,9 and the pseudo-value approach 
suggested by Klein and Andersen.10,11 These 
approaches are introduced in section 3. We fitted 
these three methods to cardiovascular diseases 
(CVD) data of the Isfahan Cohort Study (ICS) 
introduced in section 2.4.12,13 In section 3 We 
present the results, and in section 4 findings are 
discussed in brief. 

Materials and Methods 

The most common model for competing risks is 
in terms of potential failure times, where K is 
competing risks denoted by D1,…,Dk, and for each 
risk there is a potential failure time of Xi, i=1,…,K. 
One observes T = min(X1,…,Xk) and a variable ε = 
j, j = 1,…,K,  

Where T = Xj defines which of the risks caused 
the event to occur. Competing risk probabilities can 
be summarized by cumulative incidence function 
for the jth competing risk. This function is defined 
as probability of experiencing risk j prior to time t in 
the presence of all competing risks. This quantity 
depends on all the cause-specific hazard rates  
(hj(t) = 1,…,k), not just the crude hazard rate of 
cause of interest.1 

(1) 

F��t� = P�T ≤ t, ε = j	� = � h��x� exp{−�� h�
�

�

�

���
�u�

�

�
 

When there is a covariate, it is common in 
medical sciences to study the effect on competing 
risks quantities.14-18 One solution is a direct 
regression modeling of cumulative incidence 
function. Here, we discuss three approaches that 
focus on this topic. 
Fine and Gray Model 
The first approach suggested by Fine and Gray8 is a 
proportional sub-distribution hazards model with: 

(2) γ�t, Z� = γ��t�exp�β′Z� 
Where γ and γ0 are hazard and baseline hazard 

of the sub-distribution, Z and β are vectors of 
covariates and coefficients, respectively. The partial 
likelihood is given by: 

(3) $�%� = ∏ ' ()*�+,-�
∑ /-0()*1+203045-

678��  

R� = :j; t� ≥ t�	or	1t�?t�	and	the	subject	had	competing	risk	event3K 
The risk set Ri is formed of those who did not 

experience an event by time t and those who 
experienced a competing risk event by time t. Thus, 
those who experienced other types of events remain 

in the risk set all the time. The weights are defined as: 

(4) ω�� = MN��O�
MN1P�Q1�O,�R33 

Where Ĝ  is the Kaplan-Meier estimate of 
survivor function of the censoring distribution.3 
This model is valid if the proportionality 
assumption is established. 
Binomial Approach 
The second method is the direct binomial approach 
suggested by Scheike and Zhang9 which models 
cumulative incidence function by a general class of 
models given by: 

(5) h{F1(t,z)} = g{η(t),β,z} 
Where h and g are the known link and 

regression functions, respectively, η(t) is the 
unknown regression function and β is the vector of 
regression parameters. We use the semi-parametric 
multiplicative model: 

(6) c1n1n{1-F1(t;x,z)} = η(t)'x+β'z 
Where X is a (p+1) –dimensional (X = 

(1,x1,…,xp)), and Z a q-dimensional covariate. These 

flexible models allow covariate X to have time-
varying effects and the covariate Z to have constant 
effects: 

(7) E T∆OVO���
M�WO� X = F��t; X�, Z�� 

The model suggests testing the hypothesis that a 
specific covariate xj has a constant effect over time 

and define hypothesis H0: ηj(t)≡ [. This leads to a 
very useful goodness-of-fit test for model 
validation. The test shows exactly where non-
proportionality is present. This approach is to start 
out with a model where all effects initially have 
parametric or non-parametric effects, and then 
reduce model complexity by successive testing to 
find an appropriate semi-parametric model that fits 
the data. In brief, for this approach, the model is 
chosen according to proportionality assumption. 
Pseudo-value Approach 
The third method of direct modeling of the 
cumulative incidence function is based on a pseudo-
value approach.11 For this model a grid of time 
points τ1,…,τM is selected. At each grid point, the 
estimated cumulative incidence function is 
computed based on the complete data set F\�τ^� and 
the estimated cumulative incidence function based 
on the sample of size n-1 obtained by deleting the 
ith observation F\ ����τ^� then the pseudo-value for 
the ith subject at time τh is defined as: 

(8) θ\ �^ = nF\�τ^� − �n − 1�F\ ����τ^�, i = 1, … , n,
h = 1, There are the pseudo-values known from 
jack-knife techniques. nF\�t� is the number of events 
of type of interest occurring prior to t, When there 



 

 
 

www.mui.ac.ir 14 Jan  

 Competing risks model analyzing cardiovascular disease 

8      ARYA Atheroscler 2014; Volume 10, Issue 1 

is no censoring. In this case θ\ � = �θ\ �^, h =
1,… ,M� = �I�T� ≤ τ�, ε� = 1�, … , I�T� ≤ τd, ε� = 1�� 
and θ\�′s are independent. When we have censoring, 
because pseudo-values are close to the indicators 
they are approximately independent. This allows us 
to make use of results from generalized linear 
models to model the effects of covariates. 

(9) g�θih�=αh+γ'Zi=β'Zih,  i = 1,…,n,   h = 1,…,M 
Where g(0) is a link function. The possible 

choices could be the logit link g(x) = log(x/(1-x)), 
or complementary log-log function g(x) = -log(-
log(1-x)) on x. Unlike the Fine and Gray model, this 
approach does not need to establish proportionality 
assumption. To select the appropriate link function, 
one crude way, when the factor is categorical, is to 
look at plots of differences in transformed estimates 
of the cumulative incidence functions for each 
category from the baseline category. 

For two categorical factors, the cumulative 
incidence functions for two groups (ignoring other 
covariates), is estimated separately. Then, g(F1h(t))-
g(F10(t)) is plotted, here F10(t) and F1h(t) are the 
estimated cumulative incidence function for 
baseline and other categories, respectively, and g(0) 
is either the logit or complementary log-log 
transforms. If the link chosen for the plot is 
correct, then the curves should approximately  
be horizontal. 
Data  
To compare these three approaches, we used the 
data of the Isfahan Cohort Study. The ICS is a 
community-based, ongoing longitudinal study on 
6504 adults aged 35 and older at baseline, aiming at 
Iranian cardiovascular disease risk chart. 
Participants lived in both urban and rural areas of 
three cities and their associated district villages in 
central Iran (Isfahan, Arak, Najafabad). Several 
risk factors for cardiovascular disease, like smoking 
status, lipids, blood pressure, and anthropometric 
measurements, were measured at baseline. They 
were followed for 5 years from January 1997 to 
September 2001. End of study for each subject 
was confirmed if one of the cardiovascular disease 
events (CVD) (non-fatal myocardial infarction, 
fatal myocardial infarction, non-fatal stroke, fatal 
stroke, sudden cardiac death, and unstable angina) 
occurred or the subject experienced unrelated 
CVD death. Finally, data of 5515 participants who 
had at least one follow-up time after baseline were 
included in analysis. There is one competing risk 
of CVD event (event of interest), and it has 
occurred when the subject experienced unrelated 
CVD death.12-19 

Results 

From 5515 (2815 females and 2700 males) cases in 
ICS data, 5.13% had one of the mentioned CVD 
and 1.5% experienced unrelated CVD death. The 
study consisted of patients with non-fatal 
myocardial infarction (n = 52), fatal myocardial 
infarction (n = 19), sudden cardiac death (n = 46), 
non-fatal stroke (n = 40), fatal stroke (n = 14), and 
unstable angina (n = 112). Moreover, 2133 subjects 
were 35 to 44 years old, 2449 between 45 to 64, and 
933 were 65 and older at baseline. 

To fit ICS data with R software, the 3 Fine and 
Gray, binomial, and pseudo-value competing risks 
approaches, which are directly based on cumulative 
incidence function were used.3,5,20,21 As is common 
in medical literature, parametric models have been 
studied first. Table 1 shows the results. The Fine 
and Gray model has maximum number of 
significant covariates (8) and the lowest variances. 
On the contrary, multiplicative models have 
minimum number of significant covariates (6) and 
the most variances, and 7 covariates are significant 
in logit and complementary log-log models. In the 
Fine and Gray model, except for abdominal obesity 
(P = 0.76) and high low-density lipoprotein 
cholesterol (high LDL-C) (P = 0.20), other 
covariates are significant (P < 0.05). For the 
multiplicative model, age, abdominal obesity, 
hypertension, diabetes mellitus, and current 
smoking status are significant (P < 0.05). In logit 
and complementary log-log models, age, 
hypertension, high LDL-C, low high-density 
lipoprotein cholesterol (low HDL-C), diabetes 
mellitus, and current smoking status are significant 
(P < 0.05). Slight differences among the models are 
seen for parameter estimates. In addition, for the 
Fine and Gray logit and multiplicative models, we 
can interpret exp1b\3 as the odds in favor of the 
categories of a factor relative to the baseline 
category. Table 2 shows the results of fitting of 
non-parametric multiplicative model. These models 
differ from parametric models, because their 
coefficients have time-varying effects. This table 
also shows the results of testing goodness-of-fit or 
constant effect test. Age (65 years and older), 
abdominal obesity, and diabetes mellitus are 
significant (P < 0.05). This implies that Fine and 
Gray, parametric and non-parametric multiplicative 
models are not appropriate, because the 
proportionality assumption is violated. Therefore, 
fitting the semi-parametric model is necessary and 
allows the covariates with constant and non-
constant effects to be presented simultaneously in 
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the model. We use this model later to predict 
cumulative incidence function for specific subjects. 
Table 3 shows semi-parametric model results. For 
this model, age (65 years and older), abdominal 
obesity, and diabetes mellitus do not have parameter 
estimates, because of their non-constant effects in 

time. Figure 1 shows goodness-of-fit plot for 
hypertension with two logit and complementary log-
log transforms. The two plots are approximately 
horizontal; meaning that both are suitable. Because of 
differences in variance estimation between these two 
models, the complementary log-log model is preferred. 

 
Table 1. Results of fitting parametric models on Isfahan Cohort Study (ICS) data 

Covariate 
Fine and Gary 

model 
Logit model 

Complementary log-log 
model on 1-F1(t)  

Multiplicative 
model 

Sex**  B 0.482 0.320 0.265 0.186 
SE (b) 0.146 0.191 0.180 0.221 

P (0.001)* (0.094) (0.142) (0.400) 
Age***  45-64 B 0.828 0.790 0.770 1.190 

SE (b) 0.188 0.252 0.246 0.276 
P (< 0.001)* (0.002)* (0.002)* (< 0.001)* 

≥ 65 B 1.475 1.438 1.372 1.900 
SE (b) 0.198 0.259 0.251 0.278 

P (< 0.001)* (< 0.001)* (< 0.001)* (< 0.001)* 
Abdominal obesity B -0.04 -0.165 -0.168 -0.460 

SE (b) 0.151 0.200 0.188 0.244 
P (0.760) (0.409) (0.372) (0.050)* 

Hypertension B 0.980 1.154 1.099 1.190 
SE (b) 0.129 0.158 0.150 0.202 

P (< 0.001)* (< 0.001)* (< 0.001)* (< 0.001)* 
High LDL-C B 0.455 0.412 0.381 0.194 

SE (b) 0.124 0.163 0.154 0.200 
P (< 0.001)* (0.012)* (0.013)* (0.313) 

Low HDL-C B 0.162 0.376 0.353 0.336 
SE (b) 0.153 0.168 0.157 0.210 

P (0.200) (0.025)* (0.024)* (0.109) 
Diabetes mellitus B 0.592 0.600 0.513 0.733 

SE (b) 0.153 0.191 0.177 0.225 
P (< 0.001)* (0.002)* (0.004)* (0.001)* 

Hypertriglyceridemia B 0.340 0.253 0.233 0.119 
SE (b) 0.137 0.177 0.167 0.224 

P (0.013)* (0.153) (0.163) (0.597) 
Smoking B 0.391 0.585 0.533 0.607 

SE (b) 0.153 0.198 0.184 0.233 
P (0.010)* (0.003)* (0.003)* (0.009)* 

* Significant at α = 0.05 level; ** Females are reference group; *** Age between 35 and 44 are reference group 
SE: Standard error; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol 

 
Table 2. P-values for non-parametric model on Isfahan Cohort Study (ICS) data 

Covariate Multiplicative Model 
H0: η(t)=0 H0: Constant effect 

Sex 0.358 0.264 
Age 45-64 < 0.001* 0.280 

> = 65 < 0.001* < 0.001* 
Abdominal obesity 0.002* 0.016* 
Hypertension < 0.001* 0.096 
High LDL-C 0.170 0.508 
Low HDL-C 0.118 0.490 
Diabetes mellitus < 0.001* 0.024* 
Hypertriglyceridemia 0.240 0.578 
Smoking 0.012* 0.084 

* Significant at α = 0.05 level 
LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol 
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Table 3. Results of fitting semi-parametric model on Isfahan Cohort Study (ICS) data 

Covariate Multiplicative Model 
b SE (b) P 

Sex 0.142 0.225 0.527 
Age 45-64 1.090 0.225 < 0.001* 

≥ 65 - - < 0.001* 
Abdominal obesity - - < 0.001* 
hypertension 1.190 0.201 < 0.001* 
High LDL-C 0.213 0.202 0.292 
Low HDL-C 0.375 0.225 0.081 
Diabetes mellitus - - < 0.001* 
Hypertriglyceridemia 0.110 0.236 0.640 
Smoking 0.635 0.234 0.006* 

* Significant at α = 0.05 level;  
SE: Standard error; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol 

 

 
Figure 1. Difference in cumulative incidence function for logit and complementary log-log transform in hypertension 

 

 
Figure 2. Predictions for cardiovascular diseases (CVD) cumulative incidence function for Isfahan Cohort Study  

(ICS) data using semi-parametric multiplicative and complementary log-log model 
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Sometimes it is important to get an idea of the 
cumulative incidence probability for specific 
patients. Therefore, computing the predicted 
cumulative incidence function for a given set value 
of covariates is very popular.22,23 For example, 
suppose that physicians want to know the value of 
cumulative incidence function for male patients 
older than 65 with abdominal obesity, hypertension, 
high LDL-C, low HDL-C, diabetes mellitus, 
hypertriglyceridemia, and smoking. Figure 2 shows 
the predicted cumulative incidence function during 
60 months for two appropriate complementary log-
log and semi-parametric multiplicative models. The 
predicted values for the first model are less than the 
second model for about 35 months (between the 
15th-58th months). 

Discussion 

Data from studies with competing risks outcomes 
present challenges to the data analyst. Some articles 
analyze such data with normal survival models. A 
criticism that can be leveled at these models is the 
assumption that upon removal of one cause of 
failure, the risk of failure from remaining causes is 
unchanged. In human studies this assumption is 
rarely true.3-5 Here we have used three approaches 
(Fine and Gray, binomial, and pseudo-value 
approaches) which are based directly on the 
cumulative incidence function and their validity 
depends on proportionality assumption. This 
collection of models gives a rich variety, from which 
a user can choose an appropriate model for 
analyzing the data. 

We saw that the Fine and Gray, parametric 
multiplicative model was not able to describe the 
cumulative incidence function for ICS data. This 
model’s lacking flexibility was found using the 
goodness-of-fit approach. This showed that its non-
proportionality can primarily be attributed to the 
effect of covariates. A similar conclusion was 
reached for the non-parametric multiplicative 
model. The semi-parametric multiplicative model 
could be a good choice for this data. With the 
pseudo-value approaches, two link functions were 
used in GLM model (logit or complementary log-
log function). Unlike the Fine and Gray and 
multiplicative models, this is more flexible so that 
we do not need to assume proportionality. 
Goodness-of-fit plots showed that both link 
functions are suitable for hypertension groups, but 
they were different in variance estimation. 
Moreover, it seems the complementary log-log 
function is more appropriate. Predictions plot for 

ICS data using semi-parametric multiplicative and 
complementary log-log models were quite similar 
during 5 years, but slight differences in parameters 
regression were found between the two models. 

Conclusion 

Inappropriate statistical methods are not rare in 
binomial literature.5 The competing risk problem is a 
critical issue in survival analysis. We would 
recommend considering competing risk models 
instead of simply using normal survival methods 
when subjects are exposed to more than one cause of 
failure. In future studies like ICS, using competing 
risks models is suggested, because a large number of 
unrelated CVD deaths will occur during years of 
follow-up and the use of normal survival functions 
can lead to incorrect or at least imprecise estimates. 
As we described, the two appropriate semi-
parametric multiplicative and complementary log-log 
models are proposed for fitting of such data. 
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Stent underexpansion in angiographic guided percutaneous coronary intervention, 
despite adjunctive balloon post-dilatation, in drug eluting stent era 
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Hossein Vakili(2), Saeed Alipour-Parsa(4), Hasan Rajabi-Moghadam(5), Shamsedin Pedari(1) 

 

Abstract 
BACKGROUND: Stent underexpansion is the most powerful predictor of long-term stent patency 
and clinical outcome. The purpose of this study was to evaluate the incidence and predictors of 
stent underexpansion despite adjunctive post-dilatation with non-compliant balloon. 

METHODS: After elective coronary stent implantation and adjunctive post-dilatation with non-
compliant balloon and optimal angiographic result confirmed by the operator, intravascular 
ultrasound (IVUS) was performed for all the treated lesions. If the treated lesions fulfilled the 
IVUS criteria, they are considered as the optimal stent group; if not, they are considered as the 
suboptimal group. 

RESULTS: From 50 patients enrolled in this study 39 (78%) had optimal stent deployment and 
11 (22%) had suboptimal stent deployment. In the suboptimal group 7 (14%) had 
underexpansion, 2 (4%) malposition, and 2 (4%) had asymmetry. There were no stent edge 
dissections detected by IVUS. We did not find any correlation between lesion calcification, ostial 
lesions, stent length, and stent underexpansion. Stent diameter ≤ 2.75 mm had a strong 
correlation with stent underexpansion. 

CONCLUSION: Despite adjunctive post-dilatation with noncompliant balloon, using a relatively 
small stent diameter was a strong predictor for underexpansion. IVUS guided percutaneous 
coronary intervention (PCI) may be considered for drug eluting stent (DES) implantation in 
relatively small vessels. 
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Introduction 

Angiographic guided percutaneous coronary 
intervention (PCI) is a common practice for the 
treatment of coronary artery lesions and procedural 
success is usually determined by the operator visual 
estimation. However, such subjective estimation of 
the procedural result is thought to be of limited 
reliability. Undoubtedly, intravascular ultrasound 
(IVUS) analysis is more accurate than angiography 
in detecting suboptimal stent deployment.1-4 In 
comparison with bare metal stents; drug eluting 
stents (DESs) have led to a dramatic reduction in 
the rate of stent restenosis and the need for 
repeated revascularization. Therefore, the 

importance of optimal stent deployment was less 
considered.5-7 This has caused the decreased use of 
adjunctive post-dilatation with noncompliant 
balloon. The frequency of achieving optimum stent 
deployment varied in different studies depending on 
the IVUS criteria used. Although many IVUS 
criteria for suboptimal stent deployment have been 
described, a uniform and accepted definition of 
optimal expansion is still lacking. The fundamental 
concepts underlying them include stent 
underexpansion, incomplete stent apposition, edge 
dissection, and lesion under coverage. Adjunctive 
post-dilatation with non-compliant balloon can 
increase minimal stent area (MSA) and decrease 
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suboptimal stent deployment; therefore, it may 
reduce the frequency of target vessel 
revascularization (TVR) and stent thrombosis.8  

This study was designed to evaluate the 
incidence and predictors of stent underexpansion 
despite adjunctive post-dilatation with non-
compliant balloon. We also hypothesized that 
relatively small stent diameter might be a predictor 
of inadequate stent expansion. 

Materials and Methods 

The present study consisted of 50 patients who 
underwent stent implantation from April 2012 to 
March 2013 at Modarres Hospital, Tehran, Iran. All 
patients were pre-medicated with 325 mg of aspirin 
and loading dose of 300-600 mg of clopidogrel. 
Intravenous heparin was administered to maintain 
an activated clotting time of 250-300 s. The use of 
glycoprotein IIb/IIIa inhibitors was left to the 
operator’s discretion. Inclusion criteria included 
coronary significant stenosis scheduled for elective 
coronary stent implantation. Exclusion criteria 
included a distal reference vessel diameter < 2.5 mm 
by visual estimation, acute myocardial infarctions 
(within 48 h), left main stenting, stent placement 
within an aneurysmal portion of a vessel, and 
allergies to aspirin, clopidogrel, or heparin. The 
study protocol was approved by the Institutional 
Ethics Committee, and a written informed consent 
was obtained from all the patients. 

All the stents implanted were drug eluting stents 
and had received FDA approval or CE mark. Stents 
were deployed at nominal pressure and post-
dilatation was done for all the treated lesions with 
non-compliant balloons, 0.25-0.5 mm larger than 
the stent delivery balloon at high pressure of 18-20 
atmospheres (atm). The need for additional post-
dilatation with larger non-compliant balloon 
depends on angiographic success and operator’s 
decision. Angiographic success is defined as a final 
stent diameter stenosis of less than 10% of the 
distal reference vessel with the use of an automated 
edge detection system (QCA-CMS, Medis Medical 
Imaging Systems, Nuenen, Netherlands). If the 
patient fulfilled the angiographic success criteria, 
IVUS study was performed. 
IVUS imaging and analysis 
Intravascular ultrasound studies were performed 
with a commercially available system (Volcano 
Corporation, Rancho Cordova, CA, USA), 
incorporating an Eagle Eye catheter. After the 
administration of 100 to 200 µg of intracoronary 
nitroglycerine, ultrasound transducer was advanced 

5 mm beyond the stent, and an image recording was 
performed to a point 5 mm proximal to the stent by 
manual pullback. All IVUS recordings were 
reviewed and quantitative parameters evaluated. 
These data consisted of MSA at the lesion, and at 
proximal and distal stent edges. Optimal stent 
deployment was defined as either MSA > 5.0 mm2 
or > 90% of the distal reference lumen area, 
complete apposition to the vessel wall, no edge 
dissection, and symmetry of stent. 
Statistical Analysis 
The statistical analysis was performed using SPSS 
for Windows (version 15; SPSS Inc., Chicago, IL, 
USA). The quantitative results were expressed as 
mean ± SD. Normality of data was evaluated with 
the Kolmogorov–Smirnov test, and statistical 
evaluation of data was performed using analysis of 
variance (ANOVA), followed by the Tukey’s post-
hoc test. The statistical significance of differences 
between proportions was determined by chi-square 
analysis with Yates’ correction. Differences were 
considered significant if P < 0.05. 

Results 

All 50 patients enrolled in this study had adequate 
data for IVUS core laboratory analysis. Baseline 
clinical characteristics of patients in this analysis 
were similar in both groups. Baseline procedural 
and angiographic characteristics were also similar 
(Table 1). Of these 50 patients, 39 (78%) met the 
predefined IVUS criteria for optimum stent 
deployment, and the remaining 11 patients (22%), 
who did not meet the IVUS criteria, were classified 
as the suboptimum stent deployment group. There 
were no significant differences in baseline clinical, 
angiographic, and procedural characteristics 
between patients who met and did not meet the 
IVUS criteria for suboptimum stent deployment 
(Table 2). 

The suboptimal group included stent 
underexpansion, stent malposition, asymmetry of 
stent, and edge dissection (Table 3). Calcification at 
target lesion, and vessel type were not predictors of 
stent underexpansion (Table 4). Of the procedural 
characteristics, stent length was not a predictor of sent 
underexpansion, but nominal stent diameter ≤ 2.75 
mm was a strong predictor of stent underexpansion 
(P = 0.002), (Table 4). There were 22 stents (44% of 
total number of stents) with a diameter ≤ 2.75 mm 
implanted in this study, and about one third (7 out 
of 22) did not meet the IVUS criteria for optimum 
stent expansion. All implanted stents with a 
diameter > 2.75 mm had well  
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Table 1. Base line clinical characteristics 

 All Optimal stent deployment Suboptimal stent deployment P 

Age (mean ± SD) 60.9 ± 11.8 61.0 ± 12.2 60.8 ± 10.9 0.910* 
EF (mean ± SD) 47.7 ± 10.8 48.7 ± 10.7 44.1 ± 11.0 0.213**  

DM  20 15 (75.0%) 5 (25.0%) 0.736* 
HT 33 26 (79.0%) 7 (21.0%) 1.000* 
HLP 30 23 (77.0%) 7 (23.0%) 1.000* 
SM 18 15 (83.4%) 3 (16.6%) 0.734* 
AMI  14 10 (71.4%) 4 (28.6%) 0.788* 
Female  18 14 (88.0%) 4 (22.0%) 0.381* 

* Chi-square test; ** ANOVA 
EF: Ejection fraction; DM: Diabetes melitus; HT: Hypertension; HLP: Hyperlipidemia; SM: Smoker; AMI: Acute myocardial infarction  

 
Table 2. Base line angiographic characteristics 

Vessel All Optimal stent deployment Suboptimal stent deployment P 
LAD  32 24 (75.0%) 8 (25.0%) 0.501* 

LCX  11 9 (82.0%) 2 (18.0%) 0.501* 
RCA 7 6 (85.7%) 1 (14.3%) 0.501* 
Location     

Ostial 11 10 (90.9%) 1 (9.1%) 0.392* 
Sent length (mean ± SD) 25.3 ± 8 25.3 ± 8 25.3 ± 8 0.581**  

* Chi-square test; ** ANOVA 
LAD: Left anterior descending artery; LCX: Left cicumflex atery; RCA: Right coronary artery 

 

expanded in IVUS. Stent area at lesion was 4.4 ± 0.3 

mm2 in the underexpansion group, and 7 ± 2.1 mm2 
in the optimal stent group. No correlation was 
found between patients’ previous medical history or 
their risk factors included in this study, and the 
result of expansion. Additionally, no further 
significant relations were found among the various 
variables examined using regression models. 

Table 3. Prevalence of suboptimal stent deployment 

Suboptimal stent deployment N % 

Underexpansion 7 14 
Mal apposition 2 4 
Asymmetry 2 4 
Edge dissection 0 0 
Total 11 22 

 
Table 4. Angiographic and procedural predictors of stent underexpansion 

Angiographic characteristic Met IVUS criteria for underexpansion P* 

Vessel 5 0.510 
LAD, n = 32 2  
LCX, n = 11 0  
RCA, n = 7   

Calcification  0.337 
Yes, n = 12 3  
No, n = 38 4  

Procedural characteristic   
Stent diameter  0.002 
≤ 2.75 mm, n = 22 7  
> 2.75 mm, n = 28 0  

Stent length  0.660 
< 23 mm, n = 16 3  
≥ 23 mm, n = 34 4  

Stent area at lesion (mean ± SD) 4.4 ± 0.3 mm2  
* Chi-square test 
LAD: Left anterior descending artery; LCX: Left cicumflex atery; RCA: Right coronary artery; IVUS: Intravascular 
ultrasound  
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Discussion 

This study demonstrated that 22% of lesions, which 
had undergone angiographic guided DES 
implantation following adjunctive post-dilatation 
with noncompliant balloon, did not meet IVUS 
criteria for optimal stent deployment. We did find 
that 14% of all implanted stents had either  
MSA < 5.0 mm2 or < 90% of the distal reference 
lumen area; they were classified as underexpansion 
subgroup. Nominal stent diameter ≤ 2.75 mm was a 
strong predictor of stent underexpansion in our 
study. It showed that despite adjunctive post-
dilatation with noncompliant balloon, PCI on 
relatively small vessel or choosing an undersized 
stent could result in stent underexpansion. 

It has been shown that post-dilatation with 
noncompliant balloons improved stent expansion 
and decreased the frequency of suboptimum stent 
deployment.9,10 In the Bare Metal Stent (BMS) era, 
several studies demonstrated the beneficial effect of 
a larger MSA with adjunctive post-dilation balloon 
on post procedural angiographic results and stent 
restenosis during long-term follow up.11-13 The 
importance of adjunctive balloon for post-dilatation 
has been shown in the post-dilatation clinical 
comparative study (POSTIT) trial; with optimal 
stent expansion defined as MSD ≥ 90% of the 
average reference lumen diameter, only 36% of 
patients undergoing coronary stenting met the IVUS 
criteria without adjunctive balloon post-dilatation.9 In 
the angiography versus intravascular ultrasound-
directed (AVID) study, optimum stent deployment 
(defined as MSA ≥ 90% of the average reference 
lumen area by blinded IVUS) was achieved in 57% of 
patients.8 In comparison to our study, such a high 
incidence of underexpansion, despite adjunctive 
post-dilatation in AVID trial, was due to strict IVUS 
criteria used for optimizing BMSs. 

In the DES era, in a substudy of the Sirius trial, 
the adequate DES patency was defined as a follow up 
IVUS MSA > 4.0 mm2. When the adequate post-
interventional MSA of sirolimus-eluting stents (SESs) 
was defined as > 5.0 mm2, the positive predictive 
value of patency was 90%.14 de Ribamar et al. found 
that without adjunctive balloon post-dilatation, 24% 
of SES and 28% of paclitaxel-eluting stent (PES) did 
not achieve a final MSA of 5 mm2.15 In comparison 
to our study, the higher rate of underexpansion 
observed by de Ribamar et al. indicated the 
importance of adjunctive balloon post-dilatation in 
DES implantation.  

There are several potential reasons to the 
occurrence of suboptimal stent expansion despite 

post-dilatation with a larger noncompliant balloon. 
First, the inflated balloon pressure could be 
inadequate for optimal stent deployment. In the 
POSTIT trial, stent deployment at less than 12 atm 
was associated with a high frequency of suboptimal 
stent deployment. However, this did not appear to be 
the case in our study, since all stents were deployed at 
nominal pressure and post-dilated with larger 
noncompliant balloon at a high pressure of 18-20 
atm. Second, selecting an undersized stent delivery 
balloon for the target lesion may usually cause stent 
underexpansion.8 Since we did not perform IVUS 
before stent implantation, the operator could not 
assess whether the vessel was really a small vessel or 
just appeared as such at angiography. 

This practice might result in stent 
underexpansion. Although the benefit of IVUS 
guidance is most important in complex lesion 
subsets, such as left main and bifurcation lesions, 
IVUS guided PCI even in relatively small vessels 
resulted in larger MSA. In health outcome and 
mortality evaluation (HOME) DES study all the 
IVUS guided PCI group had optimal stent 
expansion.16  

Calcified vessels could affect final stent lumen 
area, preventing complete stent expansion even 
when higher pressures or larger balloons were 
applied.17,18 However, vessel calcification was not a 
predictor of stent underexpansion in our study; this 
result was in accordance with the study of de 
Ribamar et al.15  

The present study showed that about one third 
of implanted DESs with nominal diameter ≤ 2.75 
mm met the IVUS criteria for underexpansion. In 
nominal diameter > 2.75 mm all implanted DESs 
with adjunctive post-dilatation had expanded well.  
Study limitations 

This was a single-center study with a relatively small 
sample size. Interobserver and intraobserver 
differences in interpretation may affect the results. 

Conclusion 

The present study showed that despite adjunctive 
post-dilatation with noncompliant balloon, stent 
diameter ≤ 2.75 mm was a strong predictor of DES 
underexpansion. IVUS guided PCI in relatively 
small vessels may prevent stent underexpansion. 
Angiographic guided PCI with adjunctive post-
dilatation had acceptable IVUS results in DES 
implantation in stent diameter > 2.75 mm. 
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Abstract 
BACKGROUND: Epidemiologic studies have shown an inverse association between dietary fiber 

and metabolic syndrome (MetS). Therefore, the purpose of this study was to investigate the 
association between MetS and consumption of legumes in adults in Isfahan, Iran. 

METHODS: This cross-sectional study was carried out on 2027 individuals who were a 
subsample of the 3rd phase of the Isfahan Healthy Heart Program (IHHP). Basic characteristics 
information such as age, sex, smoking status, and physical activity were collected using a 
questionnaire. A validated 48-item food frequency questionnaire was used to assess dietary 
behaviors. Blood pressure, waist circumference (WC), glucose, triacylglycerols, and high-density 
lipoprotein cholesterol were measured, and MetS was defined based on Adult Treatment Panel 
III guidelines. Multiple logistic regression models examined associations of frequency 
consumption of legumes with MetS occurrence and its components. 

RESULTS: All MetS components were less prevalent among subjects with regular legume intake 
(P < 0.01). Legume intake was inversely associated with the risk of MetS, after adjustment for 
confounding factors in women. Life style adjusted odds ratio of Mets between highest and 
lowest tertile and no consumption (as reference category) of legume intake were 0.31 (0.13, 
0.70), 0.38 (0.17, 0.87), respectively, in women (P = 0.01). 

CONCLUSION: This study showed that age has a crucial role in MetS incidence; therefore, after 
further age adjustment to lifestyle adjusted model there was no significant difference in lower 
and higher tertile of legume intake and MetS. 
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Introduction 

The metabolic syndrome (MetS) may contribute to 
the increase in the risk of cardiovascular disease 
(CVD) and diabetes.1 This condition affects at least 
one quarter of the population in developed 
countries, and its prevalence has steadily increased 
in recent years.2 The prevalence of MetS, based on 
Adult Treatment Panel (ATP) III criteria, is more 
than 25% in developed countries.3 However, it 
seems this figure is relatively higher in developing 

countries; for example, the prevalence of this 
syndrome has been reported to be 21.0% in Oman, 
39.6% in Emirate, 22.5% in Iran, and 33.4% in 
Turkey.4-6 

Many studies have revealed a clear relationship 
between diet and components of MetS.7,8 Having a 
healthy food pattern, which includes cereals, fish, 
legumes, vegetables, and fruits, is inversely 
associated with waist circumference (WC), blood 
pressure (PB), triglycerides (TG), and positively 
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linked with high density lipoprotein-cholesterol 
(HDL-C) levels, which are all well-known 
components of the MetS.9 Epidemiologic studies 
have shown an inverse association between dietary 
fiber and MetS.10-12 In this regard, Bazzano et al. 
reported a significant inverse relationship between 
legume intake and risk of CVD.13 They reported 
that legume consumption of 4 times or more per 
week, compared with less than once a week, was 
associated with a 22% lower risk of coronary heart 
disease (CHD) and an 11% lower risk of CVD.13 
Additionally, the current findings indicate that a 
dietary pattern characterized by high consumption 
of fruit, vegetables, poultry, and legumes is 
associated with reduced risk of insulin resistance 
and the MetS in Iranian females.14 Although many 
studies have been done to find the role of 
nutritional groups, especially fiber source foods, 
with Mets, to our knowledge, this study is the first 
to provide evidence related to the role of legumes 
according to sex and lifestyle factors.15,16 Therefore, 
the purpose of this study was to investigate the 
association between MetS and consumption of 
legumes in adults in Isfahan, Iran. 

Materials and Methods 

This is a cross-sectional study based on data from 
the 3rd phase of the Isfahan Healthy Heart Program 
(IHHP) in 2007. Using a stralificated cluster random 
sampling, 2027 individuals were selected from 
Isfahan and Najafabad counties, according to age, 
sex, and rural and urban population distribution. In 
this survey, multistage, cluster random sampling 
design was used. The methodology has been 
previously published in detail elsewhere.17,18 The 
samples were 19 years old, had no hemorrhagic 
diseases and mental retardation, had Iranian 
nationality, and were living at their current address 
for at least 6 months. Pregnant and breast-feeding 
women were excluded from the study.  

To determine validity and reliability of the 
questionnaire 2 pilot studies have been performed 
on 200 adults who were not part of the final sample. 
Questioners were completed 2 times in 2 weeks.  

The questionnaire’s reproducibility was 
examined by pretest and posttest on 200 subjects. 
The final questionnaire was approved by the 
Medical Education Development Center, and 
Cronbach’s alpha correlation coefficient was 
determined (Cronbach’s alpha = 0.80).19 

Demographic data, such as age and sex, 
nutritional knowledge, attitude and practice, and 
medical history, were obtained. Moreover, clinical 
and paraclinical examinations were conducted. 

Trained interviewers collected demographic 
information and information about the individuals 
and their nutritional practices. 

We used updated ATP III definition for MetS. In 
this definition participants should meet at least 3 of the 
following criteria: WC ≥ 102 cm in men and ≥ 88 cm 
in women; HDL-C < 40 mg/dl in men and < 50 
mg/dl in women or specific treatment for this lipid 
abnormality; TG ≥ 150 mg/dl or specific treatment 
for this lipid abnormality; systolic BP (SBP) ≥ 130 
mmHg or diastolic BP (DBP) ≥ 85 mmHg or 
treatment of previously diagnosed hypertension; 
and fasting blood glucose (FBS) ≥ 110 mg/dl or 
using drug.20 Serum total cholesterol (TC) and TG 
were measured with enzymatic colorimetric 
methods (Elan Auto Analyzer 2000). HDL_C was 
measured after the precipitation of other 
lipoproteins (with a heparin manganese chloride 
mixture) and low density lipoprotein-cholesterol 
(LDL) level was derived from the Friedewald et al. 
equation.21 Serum glucose concentration was 
measured using an enzymatic reaction.22 The 
variation coefficient was < 5% for all laboratory 
measurements. 

All of the tests were performed at the Isfahan 
Cardiovascular Research Center laboratory which is 
under the qualitative control of the National 
Reference Laboratory [a WHO (World Health 
Organization) collaborating center]. BP was 
measured using a standard mercury 
sphygmomanometer on the right arm with subjects 
seated and after at least 10 minutes resting. WC was 
measured in the middle distance between the lowest 
rib and the highest end of the pelvis.23  
Assessment of dietary intake 
Dietary behaviors were assessed with validated 
qualitative 48-item food frequency questionnaire 
(FFQ).19 As the present study is an interventional 
program similar to the countrywide integrated 
noncommunicable diseases intervention (CINDI) 
program, the FFQ was adapted from the CINDI 
program questionnaire.24 For each food item, 
participants were asked to report frequency 
consumption during the previous year. Dietary 
intake on the FFQ questionnaire was first classified 
into 12 food groups as follows: (i) fruits; (ii) 
vegetables; (iii) dairy products; (iv) non-
hydrogenated vegetable oils; (v) legumes; (vi) nuts; 
(vii) white meat; (viii) grains; (ix) hydrogenated 
vegetable oils; (x) red meat; (xi) processed meat; and 
(xii) sweets and pizza. We then quantified 
participants’ intake from these groups and divided 
the participants into quintiles according to their 
intake. Individuals in the 2 highest intake quintiles 
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for fruits, vegetables, dairy products, non-
hydrogenated vegetable oils, legumes, nuts, and white 
meat were classified as having a healthy diet and were 
given a score of 1 for each food group. However, 
those in the lowest, second, and third intake quintiles 
of these food groups were given a score of 0. For 
unhealthy food groups, like grains, hydrogenated 
vegetable oils, red meat and processed meat, and 
sweets and pizza, the opposite was done; individuals in 
the lowest and second quintiles were given a score of 1 
and those in the three highest quintiles were given a 
score of 0. All grains were classified as unhealthy, 
because the ones ordinarily consumed in Iran are 
refined rather than whole. Pizza plus sweets were 
counted as a single unhealthy food group, because 
both are commonly consumed in Iran and contain 
harmful fats, such as trans-fats. It was not possible to 
separate low- and high-fat dairy products, because the 
distinction was not made in the consumption 
questionnaire; therefore, all dairy products were 
classified as a single, healthy food group. The total 
dietary score was calculated as the sum of the scores 
given for all 12 food groups. Thus, the total dietary 
score for each individual could vary from 0–12.25 Data 
on physical activity and smoking behaviors were 
gathered by questionnaires. Physical activity, expressed 
as metabolic equivalent task (MET) minutes per week, 
were obtained through an oral questionnaire that 
included questions on 4 activity domains: job-related 
physical activity; transportation-related physical 
activity; housework and house maintenance activities; 
and recreation, sport, and leisure-time physical activity. 
We asked participants to think about all the vigorous 
and moderate activities they had performed in the last 
7 days, considering the number of days a week and the 
time spent on these activities. Several questions on 
smoking behaviors were asked, with the following key 
questions used to categorize individuals: “Are you 
currently smoking (cigarettes, pipe, and hookah)?” and 
“What is the frequency of smoking in a day, week, or 
month?”.25 Quality of life was assessed using the world 
Health Organization Quality of Life Questionnaire 
BREF (WHOQOL-BREF). This is 26-item 
questionnaire that assesses life in the physical, 
psychological, social, and environmental domains.26  
Statistical analysis  
Data were analyzed by SPSS (version 15; SPSS Inc., 
Chicago, IL, USA). The results were presented as 
absolute frequencies and percentages for categorical 
variables and mean ± SD for continuous variables. 
Categorical variables were compared using chi-square 
test or Fisher's exact test when more than 20% of cells 
with the expected count of less than 5 were observed. 
Continuous variables were also compared using 

Student’s independent t-test. Logistic regression was 
performed between participants without any MetS 
components, and MetS subjects as dependent variable 
and tertiles of legume as independent variables in 4 
models based on sex. The crude model was 
unadjusted. The first model was adjusted by dietary 
score, second model was adjusted by lifestyle status 
(physical activity, dietary score, quality of life, and 
smoking status), the third model was adjusted by age 
and lifestyle status, and the forth was adjusted by body 
mass index (BMI), age, and lifestyle behavior. To solve 
the co-linearity problem between dietary score and 
legume intake in all models, we used residual of linear 
regression as dietary score adjusted legume intake, with 
dietary score as dependent variable and legume intake 
as independent variable. To determine P-value for 
trend across tertile of legume, we assigned the median 
consumption of legume to individual’s variable as 
continuous variable in logistic regression for 
participants without any MetS components vs. MetS 
subjects. P-values < 0.05 were considered as 
statistically significant. 

Results 

In this study 982 (617 women and 365 men) 
subjects with MetS and 1045 (396 women and 649 
men) without any MetS components were enrolled 
with an average of 40.58 ± 16.18 years. 
Demographic characteristics, such as age, sex, and 
obesity indices, and life style behavior variables, 
such as physical activity, dietary score, quality of life, 
and smoking status, are presented in table 1. 
Significant differences in all study parameters have 
been found between the groups (P < 0.001). The 
frequency of daily intakes of legumes in subjects 
with MetS was 2.41 ± 1.92 and in the group without 
any MetS components was 2.61 ± 1.92 (P < 0.001). 

Frequency of MetS components based on 
legume consumption was shown in table 2. All 
MetS components are more prevalent among 
subjects without regular legume intake (P < 0.001). 
In other words, these results showed that higher 
consumption of legumes is related with lower 
prevalence in all components of MetS (P = 0.01). 

Multiple logistic regressions were done to find 
adjusted odds ratio for having MetS across tertile of 
legume consumption as shown in table 3. We found 
a significant inverse relationship between legume 
intake and risk of MetS among females. Life style 
adjusted odds ratio of MetS between highest and 
lowest tertile vs. no (as reference category) legume 
intake were 0.31 (0.13, 0.70) and 0.38 (0.17, 0.87), 
respectively, in females (P-value for trend = 0.01). 
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Table 1. Characteristic of participants of the Isfahan Healthy Heart Program 

 Number of components of metabolic syndrome 
0 components* ≥ 3 components** P 

Number 1045 982  
Sex (female)§ 396 (37.9) 617 (62.8) < 0.001 
Smoker§ 240 (23.0) 124 (12.6) < 0.001 
BMI category§    
25 < BMI < 30 231 (23.6) 427 (44.1) < 0.001 
BMI ≥ 30 18 (1.8) 415 (42.8) 
Age category§    

< 40 (year) 843 (80.7) 286 (29.1) 
< 0.001 41-60 (year) 161 (15.4) 436 (44.4) 

> 60 (year) 40 (3.8) 260 (26.5) 
Healthy dietary score*  150 (14.4) 188 (19.1) 0.004 
Age (year)£ 32.09 ± 12.03 49.59 ± 15.11 < 0.001 
BMI £ 22.77 ± 3.43 29.55 ± 4.33 < 0.001 
Leisure time physical activity (minutes per week)£ 200.47 ± 262.61 120.82 ± 194.14 < 0.001 
Dietary Score§ 5.38 ± 1.96 5.69 ± 1.98 < 0.001 
Quality of life£ 68.25 ± 12.24 63.71 ± 13.41 < 0.001 

BMI: Body mass index 
* Subjects without any MetS components; ** MetS subjects; 

§ Indicates: P-value obtained from chi-square test; £ Indicates: P-value 
obtained from Student’s t-test 

 
Table 2. Frequency of metabolic syndrome components based on legumes consumption 

Variables 
Tertile of legume 

P No 
consumption 

Tertile 1 
(< 2 times per week) 

Tertile 2 
(2-3 times per week) 

Tertile 3 
(≥3 times per week) 

High BP*  27 (43.5) 205 (38.2) 190 (31.0) 237 (31.3) 0.010 
high FBS**  16 (24.6) 95 (17.1) 79 (12.7) 93 (11.9) 0.003 
Low HDL$ 41 (64.1) 246 (44.5) 247 (39.7) 317 (40.7) 0.001 
High TG£ 41 (64.1) 232 (41.8) 225 (36.1) 293 (37.6) < 0.001 
High WC§ 37 (60.7) 240 (45.0) 209 (34.7) 279 (37.2) < 0.001 

* Blood presser ≥ 130/85 mmHg or treatment; ** Serum glucose ≥ 110 or treatment; $ Low high-density lipoprotein cholesterol < 40 mg/dl in 

makeanol < 50 in female or treatment; £ Serum triglyceride ≥ 150 mg/dl or treatment; § Waist circumference > 102 cm in males and > 88 in females 
BP: Blood pressure; FBS: Fasting blood glucose; HDL: High density lipoprotein; TG: Triglycerides; WC: Waist circumference 

 
Table 3. Adjusted odds ratio and 95% confidence interval for metabolic syndrome (≥ 3 components) vs. normal  
(0 components) across tertile of legume consumption of the Isfahan Healthy Heart Program 

Models 
 Tertile of legume P 

for trend No consumption Tertile 1 
(< 2 times per week) 

Tertile 2 
(2-3 times per week) 

Tertile 3 
(≥3 times per week) 

Crude      
Female Ref 0.39 (0.17, 0.86) 0.31 (0.14, 0.68) 0.29 (0.13, 0.65) 0.005 
Male Ref 0.68 (0.27, 1.70) 0.45 (0.18, 1.13) 056 (0.23, 1.38) 0.180 

Model 1*      
Female Ref 0.39 (0.18-0.87) 0.31 (0.14, 0.70) 0.29 (0.13, 0.66) 0.004 
Male Ref 0.72 (0.29-1.81) 0.49 (0.19-1.25) 0.56 (0.23-1.38) 0.080 

Model 2**       
Female Ref 0.38 (0.17, 0.87) 0.31 (0.13, 0.71) 0.31 (0.13, 0.70) 0.017 
Male Ref 0.66 (0.25, 1.71) 0.47 (0.18, 1.21) 0.50 (0.19, 1.28) 0.060 

Model 3***       
Female Ref 045 (0.17, 1.19) 0.44 (0.17, 1.14) 055 (0.21, 1.41) 0.800 
Male Ref 0.73 (0.24, 2.26) 0.57 (0.19, 1.77) 0.68 (0.22, 2.07) 0.620 

Model 4£      
Female Ref 0.22 (0.05-0.93) 0.17 (0.04, 0.74) 0.21 (0.05, 0.89) 0.290 
Male Ref 0.43 (0.09, 2.07) 0.37 (0.08, 1.80) 0.41 (0.09, 1.97) 0.660 

Ref: Reference category; * adjusted by dietary score; ** adjusted by life style (Physical activity, quality of life, dietary score, and smoking 

status); *** adjusted by life style and age; 
£
 adjusted by life style, age, and body mass index (BMI) 
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Discussion 

Our results showed an adverse relationship between 
legume consumption and MetS by potential 
confounder adjustment. Similar to our findings, 
another national study showed that increase in 
legume intake, from the first quartile to the latest 
quartile, causes significant changes in some 
components of MetS.27 Our findings revealed that 
components of MetS improved by higher legume 
consumption in subjects with MetS. Moreover, 2 
studies performed on diabetic patients revealed that 
higher consumption of legumes improved glycemic 
control and insulin resistance.28,29   

International diabetes mellitus guidelines 
recommended the consumption of legumes 
(including beans, and chickpeas) and controlling of 
the glycemic index.30 Results of an Italian National 
Research revealed that daily consumption of 
legumes decreases systolic blood pressure.31 
Alizadeh et al. demonstrated that the consumption 
of a legume-rich hypocaloric diet for 6 weeks 
reduced some anthropometric measures, such as 
waist and hip, among healthy premenopausal 
women with central obesity.32 Our findings 
demonstrated that an increment in intake of legume 
from the lowest tertile to the highest decreased WC. 

Several cross-sectional and prospective studies 
have also indicated the negative association between 
legume and fruit consumption and obesity and 
cardiovascular dieses.33 In the present study, we 
found an adverse relationship between MetS and 
legume consumption in women after adjusting for 
confounding factors such as life style (physical 
activity, dietary score, quality of life, and smoking 
status). To date, few observational studies have 
examined the association of legume intake with 
MetS.16 Lignin, as a major dietary insoluble fiber 
source, may control homeostasis of glucose and 
insulin sensivity as well as weight reduction; 
therefore, they might play a crucial role in controlling 
MetS.34 Azizi et al. showed that intake of soluble 
fiber was associated with reduced risk of MetS. They 
showed that 5 g increment in intake of soluble fiber 
was associated with a reduction of 54% in risk of 
MetS.35 

Several population studies have reported an 
increase in the prevalence of the MetS with age, 
regardless of definition, although some have 
reported a peak in the 7th decade and then a decline 
in both sexes.36,37 

This was evident especially in women, with a 
sevenfold increase in prevalence from the 20-29 
year olds age group to the 80-89 year olds age 

group.38 This study showed that age has a significant 
relationship with prevalence of MetS; therefore, 
after age adjustment, there is no significant 
difference in lower and higher tertile of legume 
intakes. Findings from the third National Health 
and Nutrition Examination Survey show the 
percentage of people with MetS differs by age 
group. It is currently estimated that 13% of 
adolescents in the United States have metabolic 
syndrome. Approximately 24% of young to middle-
aged adults and 40% of adults aged 70 years or 
older have MetS.39,40 Another study evaluated the 
association between total dietary fiber and its types 
and sources with the risk of MetS. Among sources 
of dietary fiber, fruit fiber and legume fiber were 
significantly and inversely associated with the risk of 
having MetS. After further adjustment for age, 
gender, lifestyle, and dietary confounders, a 
substantial reduction in the risk of MetS was 
observed with increasing fruit fiber and legume 
fiber intake.41 The strengths of this study are its 
large sample size consisting of participants with 
various socioeconomic and demographic 
characteristics, random sampling from two counties 
in central Iran, and control over a wide variety of 
potential confounders. 
Limitation  
These findings are limited due to the use of a cross-
sectional design; therefore, we could not assess 
cause and effect relationship between MetS and 
legume. However, the evaluation of dietary intake of 
participants has a strong relationship with previous 
dietary intake. In addition, after adjustment for 
potential lifestyle confounders, unknown conditions 
may confound the relation between legume intake 
and MetS. 

Conflict of Interests 

Authors have no conflict of interests. 

References 

1. Isomaa B, Almgren P, Tuomi T, Forsen B, Lahti K, 
Nissen M, et al. Cardiovascular morbidity and 
mortality associated with the metabolic syndrome. 
Diabetes Care 2001; 24(4): 683-9. 

2. Jacobs M, van Greevenbroek MM, van der Kallen 
CJ, Ferreira I, Blaak EE, Feskens EJ, et al. The 
association between the metabolic syndrome and 
peripheral, but not coronary, artery disease is partly 
mediated by endothelial dysfunction: the CODAM 
study. Eur J Clin Invest 2011; 41(2): 167-75. 

3. Executive summary of the third report of the 
national cholesterol education program (ncep) 
expert panel on detection, evaluation, and treatment 



 

 
 

www.mui.ac.ir 14 Jan  

 Sajjadi, et al. 

 ARYA Atheroscler 2014; Volume 10, Issue 1       23 

of high blood cholesterol in adults (Adult 
Treatment Panel III). JAMA 2001; 285(19):  
2486-97. 

4. Al-Lawati JA, Mohammed AJ, Al-Hinai HQ, 
Jousilahti P. Prevalence of the metabolic syndrome 
among Omani adults. Diabetes Care 2003; 26(6): 
1781-5. 

5. Sarrafzadegan N, Gharipour M, Ramezani MA, 
Rabiei K, Zolfaghar B, Tavassoli AA, et al. 
Metabolic syndrome and health-related quality of 
life in Iranian population. J Res Med Sci 2011; 
16(3): 254-61. 

6. Ozsahin AK, Gokcel A, Sezgin N, Akbaba M, 
Guvener N, Ozisik L, et al. Prevalence of the 
metabolic syndrome in a Turkish adult population. 
Diabetes Nutr Metab 2004; 17(4): 230-4. 

7. Mosca F, Stracqualursi A, Persi A, Calabro V, 
Zappala O. Gastric diverticulum. A case report with 
long-term follow-up and a review of the literature. 
Minerva Chir 2003; 58(4): 607-13. 

8. Lennie TA. Cardiology patient page. The metabolic 
syndrome. Circulation 2006; 114(15): e528-9. 

9. Panagiotakos DB, Pitsavos C, Chrysohoou C, 
Skoumas J, Tousoulis D, Toutouza M, et al. Impact 
of lifestyle habits on the prevalence of the 
metabolic syndrome among Greek adults from the 
ATTICA study. Am Heart J 2004; 147(1): 106-12. 

10. Cabello-Saavedra E, Bes-Rastrollo M, Martinez JA, 
Diez-Espino J, Buil-Cosiales P, Serrano-Martinez 
M, et al. Macronutrient intake and metabolic 
syndrome in subjects at high cardiovascular risk. 
Ann Nutr Metab 2010; 56(2): 152-9. 

11. Eshak ES, Iso H, Date C, Kikuchi S, Watanabe Y, 
Wada Y, et al. Dietary fiber intake is associated 
with reduced risk of mortality from cardiovascular 
disease among Japanese men and women. J Nutr 
2010; 140(8): 1445-53. 

12. Salmeron J, Manson JE, Stampfer MJ, Colditz GA, 
Wing AL, Willett WC. Dietary fiber, glycemic 
load, and risk of non-insulin-dependent diabetes 
mellitus in women. JAMA 1997; 277(6): 472-7. 

13. Bazzano LA, He J, Ogden LG, Loria C, Vupputuri 
S, Myers L, et al. Legume consumption and risk of 
coronary heart disease in US men and women: 
NHANES I Epidemiologic Follow-up Study. Arch 
Intern Med 2001; 161(21): 2573-8. 

14. Esmaillzadeh A, Kimiagar M, Mehrabi Y, 
Azadbakht L, Hu FB, Willett WC. Dietary patterns, 
insulin resistance, and prevalence of the metabolic 
syndrome in women. Am J Clin Nutr 2007; 85(3): 
910-8. 

15. Feldeisen SE, Tucker KL. Nutritional strategies in 
the prevention and treatment of metabolic 
syndrome. Appl Physiol Nutr Metab 2007; 32(1): 
46-60. 

16. Babio N, Bullo M, Basora J, Martinez-Gonzalez 
MA, Fernandez-Ballart J, Marquez-Sandoval F, et 

al. Adherence to the Mediterranean diet and risk of 
metabolic syndrome and its components. Nutr 
Metab Cardiovasc Dis 2009; 19(8): 563-70. 

17. Sarraf-Zadegan N, Sadri G, Malek AH, Baghaei M, 
Mohammadi FN, Shahrokhi S, et al. Isfahan 
Healthy Heart Programme: a comprehensive 
integrated community-based programme for 
cardiovascular disease prevention and control. 
Design, methods and initial experience. Acta 
Cardiol 2003; 58(4): 309-20. 

18. Gharipour M, Sarrafzadegan N, Sadeghi M, 
Andalib E, Talaie M, Shafie D, et al. Predictors of 
metabolic syndrome in the Iranian population: waist 
circumference, body mass index, or waist to hip 
ratio? Cholesterol 2013; 2013: 198384. 

19. Mohammadifard N, Kelishadi R, Safavi M, 
Sarrafzadegan N, Sajadi F, Sadri GH, et al. Effect 
of a community-based intervention on nutritional 
behaviour in a developing country setting: the 
Isfahan Healthy Heart Programme. Public Health 
Nutr 2009; 12(9): 1422-30. 

20. British Hypertension Society. Technique of blood 
pressure measurement- a poster to illustrate 
recommended techniques. J Hypertens 1985; 3: 293. 

21. Friedewald WT, Levy RI, Fredrickson DS. 
Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the 
preparative ultracentrifuge. Clin Chem 1972; 18(6): 
499-502. 

22. World Health Organization. WHO draft protocol 
and manual of operations population survey for 
cardiovascular disease risk factors in the Eastern 
Mediterranean Region? Alexandria, Egypt: World 
Health Organization; 1995. p. 1-35. 

23. North American Association for the Study of 
Obesity, National Heart, Lung, and Blood Institute, 
National Institutes of Health. The Practical Guide: 
Identification, Evaluation, and Treatment of 
Overweight and Obesity in Adults. Washington, 
DC: National Institutes of Health, National Heart, 
Lung, and Blood Institute, NHLBI Obesity 
Education Initiative, North American Association 
for the Study of Obesity; 2000. 

24. Leparki E, Nussel E. CINDI: countrywide 
integrated non-communicable diseases 
interventional programme: protocol and guidelines 
for monitoring and evaluation procedures. Berlin, 
Germany: Springer-Verlag p. 73-82; 1987. 

25. Sarrafzadegan N, Kelishadi R, Esmaillzadeh A, 
Mohammadifard N, Rabiei K, Roohafza H, et al. 
Do lifestyle interventions work in developing 
countries? Findings from the Isfahan Healthy Heart 
Program in the Islamic Republic of Iran. Bull 
World Health Organ 2009; 87(1): 39-50. 

26. Esfahani MA, Jolfaii EG, Torknejad M, Etesampor 
A, Amiz FR. Postprandial hypertriglyceridemia in 



 

 
 

www.mui.ac.ir 14 Jan  

 Legumes consumption and metabolic syndrome I 

24      ARYA Atheroscler 2014; Volume 10, Issue 1 

How to cite this article: Sajjadi F, Gharipour M, 
Mohammadifard N, Nouri F, Maghroun M, Alikhasi 
H. Relationship between legumes consumption 
and metabolic syndrome: Findings of the Isfahan 
Healthy Heart Program. ARYA Atheroscler 2014; 
10(1): 18-24. 

non-diabetic patients with coronary artery disease. 
Indian Heart J 2004; 56(4): 307-9. 

27. Hosseinpour-Niazi S, Mirmiran P, Amiri Z, Azizi 
F. Dietary Legumes Intake and Metabolic 
Syndrome and Its Component in Adults. Int J 
Endocrinol Metab 2011; 12(6): 594-602. 

28. Lutsey PL, Steffen LM, Stevens J. Dietary intake 
and the development of the metabolic syndrome: 
the Atherosclerosis Risk in Communities study. 
Circulation 2008; 117(6): 754-61. 

29. Mellen PB, Walsh TF, Herrington DM. Whole grain 
intake and cardiovascular disease: a meta-analysis. 
Nutr Metab Cardiovasc Dis 2008; 18(4): 283-90. 

30. Jenkins DJ, Kendall CW, Augustin LS, Mitchell S, 
Sahye-Pudaruth S, Blanco MS, et al. Effect of 
legumes as part of a low glycemic index diet on 
glycemic control and cardiovascular risk factors in 
type 2 diabetes mellitus: a randomized controlled 
trial. Arch Intern Med 2012; 172(21): 1653-60. 

31. Trevisan M, Krogh V, Farinaro E, Panico S, 
Mancini M. Calcium-rich foods and blood pressure: 
findings from the Italian National Research Council 
Study (the Nine Communities Study). Am J 
Epidemiol 1988; 127(6): 1155-63. 

32. Alizadeh M, Daneghian S, Ghaffari A, Ostadrahimi 
A, Safaeiyan A, Estakhri R, et al. The effect of 
hypocaloric diet enriched in legumes with or 
without L-arginine and selenium on anthropometric 
measures in central obese women. J Res Med Sci 
2010; 15(6): 331-43. 

33. Aude YW, Mego P, Mehta JL. Metabolic 
syndrome: dietary interventions. Curr Opin Cardiol 
2004; 19(5): 473-9. 

34. Steemburgo T, Dall'Alba V, Almeida JC, 
Zelmanovitz T, Gross JL, de Azevedo MJ. Intake of 
soluble fibers has a protective role for the presence 
of metabolic syndrome in patients with type 2 
diabetes. Eur J Clin Nutr 2009; 63(1): 127-33. 

35. Azizi F, Esmaillzadeh A, Mirmiran P. Correlates of 
under- and over-reporting of energy intake in 
Tehranians: body mass index and lifestyle-related 

factors. Asia Pac J Clin Nutr 2005; 14(1): 54-9. 
36. Jorgensen ME, Bjerregaard P, Gyntelberg F, Borch-

Johnsen K. Prevalence of the metabolic syndrome 
among the Inuit in Greenland. A comparison 
between two proposed definitions. Diabet Med 
2004; 21(11): 1237-42. 

37. Athyros VG, Ganotakis ES, Elisaf M, Mikhailidis 
DP. The prevalence of the metabolic syndrome using 
the National Cholesterol Educational Program and 
International Diabetes Federation definitions. Curr 
Med Res Opin 2005; 21(8): 1157-9. 

38. Hildrum B, Mykletun A, Hole T, Midthjell K, Dahl 
AA. Age-specific prevalence of the metabolic 
syndrome defined by the International Diabetes 
Federation and the National Cholesterol Education 
Program: the Norwegian HUNT 2 study. BMC 
Public Health 2007; 7: 220. 

39. Grundy SM, Cleeman JI, Daniels SR, Donato KA, 
Eckel RH, Franklin BA, et al. Diagnosis and 
management of the metabolic syndrome: an 
American Heart Association/National Heart, Lung, 
and Blood Institute Scientific Statement. 
Circulation 2005; 112(17): 2735-52. 

40. Ford ES, Giles WH, Dietz WH. Prevalence of the 
metabolic syndrome among US adults: findings 
from the third National Health and Nutrition 
Examination Survey. JAMA 2002; 287(3): 356-9. 

41. Hosseinpour-Niazi S, Mirmiran P, Sohrab G, 
Hosseini-Esfahani F, Azizi F. Inverse association 
between fruit, legume, and cereal fiber and the 
risk of metabolic syndrome: Tehran Lipid and 
Glucose Study. Diabetes Res Clin Pract 2011; 
94(2): 276-83. 

 

 
 

 

 

 

 



 

 
1- Resident, Isfahan Cardiovascular Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran 
2- Associate Professor, Cardiac Rehabilitation Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of Medical 
Sciences, Isfahan, Iran 
3- Cardiac Rehabilitation Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of Medical Sciences, Isfahan, Iran 
4- Professor, Isfahan Cardiovascular Research Center, Isfahan Cardiovascular Research Institute, Isfahan University of Medical Sciences, 
Isfahan, Iran 
Correspondence to: Masoumeh Sadeghi, Email: sadeghimasoumeh@gmail.com 

 

 
 

www.mui.ac.ir 14 Jan  

 ARYA Atheroscler 2014; Volume 10, Issue 1       25 

Determinants of uncontrolled hypertension in an Iranian population 
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Abstract 
BACKGROUND: Uncontrolled hypertension, a major concern among hypertensive patients, may 
be caused by various factors such as inadequate knowledge and inappropriate attitude, 
unhealthy lifestyle, and ineffective treatment. The present study tried to cast light on factors 
leading to uncontrolled hypertension. 

METHODS: In this cross-sectional study, all hypertensive participants of the third phase of the 
Isfahan Healthy Heart Program were contacted and invited to take part in the study. A 
questionnaire including knowledge of and attitude toward hypertension and its control and 
treatment methods, and practice about lifestyle and pharmacological treatment was completed 
for all patients who consented to participate. The participants’ anthropometric indices and 
blood pressure were then measured. Chi-square and Student’s t-tests were used to compare the 
groups with controlled and uncontrolled blood pressure. The effect of each factor on 
uncontrolled blood pressure was assessed by employing stepwise logistic regression. 

RESULTS: Of 114 participants, 43 (37.12%) and 71 (62.28%) individuals had controlled and 
uncontrolled blood pressure, respectively. Stepwise logistic regression revealed body mass index 
> 25 kg/m2 to have the greatest effects on uncontrolled blood pressure [Odds ratio  
(OR) = 13.091, Confidence interval of 95% (95% CI): 1.437-116.352, P = 0.021). In addition, male 
gender increased the risk for uncontrolled blood pressure (OR = 8.475, CI95%: 1.276-56.313, P = 
0.027), while inappropriate attitude decreased the mentioned risk (OR = 0.047, CI95%: 0.007-
0.318, P = 0.002). 

CONCLUSION: According to our findings, obesity is the most important cause of uncontrolled blood 
pressure. Therefore, weight has to be closely monitored and controlled in hypertensive patients. 
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Introduction 

Hypertension (HTN) is currently identified as a 
major risk factor for death and loss of health; 
accounting for 13% of deaths and 6% of disability 
worldwide.1,2 HTN is the 4th cause of premature 
death in developed countries and the 7th cause of 
death in developing countries.3  

The seventh report of the Joint National 
Committee defines HTN as systolic and diastolic 
blood pressure of higher than 140 and 90 mmHg, 
respectively.4 Despite treatment recommendations, 
research has shown the high prevalence of 

uncontrolled HTN. About 40% of hypertensive 
Americans are not treated and 2.3% of those under 
treatment never reach the desirable blood pressure 
level (< 140/90 mmHg).5 Treatment was found to 
successfully control blood pressure in 37% of 
hypertensive patients in Saudi Arabia and only 
19.88% of those in Romania.6,7 This rate has been 
reported as low as 11.8% in China.8 Unfortunately, 
no more than 6.6% of diagnosed cases of HTN in 
India have controlled HTN.9 

Barriers to optimal control of HTN are 
categorized as either patient-related or physician-

Original Article 



 

 
 

www.mui.ac.ir 14 Jan  

 Uncontrolled hypepertension determinents 

26      ARYA Atheroscler 2014; Volume 10, Issue 1 

related.10,11 Unawareness about HTN and its 
pharmacological and non-pharmacological 
treatments, inappropriate attitude toward the risk and 
treatment of HTN, and lack of commitment to a 
healthy lifestyle, use of medicines, and risk factors 
such as diabetes and obesity may prevent the 
effective control of blood pressure.12  

The third national risk factor surveillance in Iran 
declared the prevalence of HTN as 26.6% which is 
undoubtedly high.13 On the other hand, Khosravi et 
al. found controlled hypertension in only 15.8% of 
Iranian hypertensive patients under treatment.14 
Thus, implementation of efficient health and 
medical policies in the country will require the 
identification of factors leading to uncontrolled 
HTN. Since insufficient research has been 
performed on factors preventing controlled HTN in 
Iran, the present study sought to shed light on this 
subject to facilitate the design of more effective 
blood pressure control methods. 

Materials and Methods 

In a cross-sectional study, all hypertensive 
participants of the third phase of the Isfahan Healthy 
Heart Program (IHHP) were evaluated. The IHHP 
was a three-phase community-based study in Isfahan 
and Najafabad as intervention areas and Arak as the 
reference area.15,16 The third phase of the IHHP 
selected 12000 adults (age > 19 years) from the three 
mentioned cities (all in central Iran) through 
multistage random sampling and assessed their 
knowledge, attitude, and practice toward a healthy 
lifestyle and risk factors of cardiovascular diseases. 
The subjects were also examined for the presence of 
the risk factors and cardiovascular diseases. Blood 
pressure measurements were conducted while the 
questionnaires were completed.17  

After extracting patient data from the available 
files, the individuals were phoned. In case of changed 
phone numbers, the emergency phone numbers in 
patient files were contacted. The subjects were 
excluded after 3 unanswered phone calls. Finally, for 
the persons who were reached the objectives and 
methods of the research were explained and they were 
asked to attend the Isfahan Cardiovascular Research 
Center (Isfahan, Iran) if they consented to participate.  

After referring to the Isfahan Cardiovascular 
Research Center, the participants signed an 
informed consent form and completed a 
questionnaire including demographic characteristics 
(age, gender, and marital status), socioeconomic 
status (education and monthly income level, and 
occupation), history of hyperlipidemia, diabetes, and 

cardiovascular diseases, and knowledge, attitude, 
and practice toward HTN, blood pressure control 
methods, pharmacological and non-pharmacological 
treatments of HTN, and lifestyle. The subjects were 
inquired about their HTN control status, frequency 
of visits to the physician, the treatment regimen and 
used/discontinued medications, and non-
pharmacological treatments. In order to assess 
lifestyle, a number of questions regarding diet, salt, 
fruit, and vegetable intake, physical activity, 
smoking, and stress management were asked. The 
participants were then classified as physically active 
(leisure time physical activity for at least 3 sessions 
of 30-minute duration per week) or inactive 
according to their weekly exercise pattern.18 

The next step was to measure blood pressure and 
anthropometric indices. For each individual, right 
arm blood pressure was taken 3 times at 10-minute 
intervals and the mean value was recorded. Height 
and weight were measured using a Seca scale and a 
wall mounted measuring tape, respectively. Following 
the measurement of waist circumference at 2 cm 
above the iliac crest and hip circumference around 
the widest portion of the buttocks, waist to hip ratio 
was calculated. Body mass index (BMI) was also 
computed as weight divided by height squared.  

HTN was confirmed based on the person’s 
declaration of having a history of HTN, use of 
antihypertensive medications, or systolic/diastolic 
blood pressure ≥ 140/90 mmHg. Uncontrolled 
HTN was defined as systolic blood pressure > 140 
mmHg or diastolic blood pressure > 90 mmHg in 
an individual with the history of HTN despite  
drug therapy. 
Statistical analyses 
Data were entered in SPSS for Windows (version 
15.0; SPSS Inc., Chicago, IL, USA). After using 
descriptive analysis (mean and standard deviation or 
crude and relative frequency), the two groups with 
controlled and uncontrolled HTN were compared in 
terms of demographics, socioeconomic status, 
knowledge, attitude, and practice about definition, 
control, and treatment of hypertension. Chi-square 
and Student’s independent t-tests were applied to 
compare qualitative and quantitative variables, 
respectively. Then, the crude odds ratio (OR) of each 
variable was determined using logistic regression 
analysis. In the next stage, adjusted OR for each 
variable was calculated from stepwise logistic 
regression. In all analyses, P < 0.05 and confidence 
interval of 95% (95% CI) were considered significant. 

Results 

A total of 114 individuals participated in the present 
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study (mean age: 61.10 ± 9.91 years). Controlled 
and uncontrolled HTN was detected in 43 (37.72%) 
and 71 (62.28%) subjects, respectively. The mean 
systolic pressure was 12.89 ± 0.93 cmHg in persons 
with controlled HTN and 15.17 ± 1.59 mmHg in 
those with uncontrolled HTN (P < 0.001). The 
corresponding values for diastolic blood pressure 
were 8.07 ± 0.73 and 8.93 ± 0.69 cmHg, 
respectively (P < 0.001). 

There were no statistically significant differences 
between the two groups with controlled and 
uncontrolled HTN regarding mean age, sex 
distribution, marital status, education level, monthly 
income, insurance coverage, and history of diseases. 
The groups were only significantly different in 
terms of mean waist circumference (i.e., the values 
were significantly lower in subjects with controlled 
HTN) (P = 0.013). Although mean BMI was also 
lower in the mentioned group, this difference was 
not statistically significant (P = 0.063) (Table 1).  

Table 2 compares the knowledge, attitude, and 
practice of the two groups and shows a significantly 

higher frequency of individuals with adequate 
knowledge about avoiding tobacco products for 
hypertension treatment in the group with 
uncontrolled HTN. The frequency of subjects with 
favorable attitude was also significantly higher in the 
group with uncontrolled HTN than in those with 
controlled HTN (P = 0.002). The two groups were 
not significantly different in the frequency of 
desirable practice about lifestyle and use of 
medicines.  

Table 3 shows the crude effects of all the studied 
factors (i.e., demographics, history of diseases, 
lifestyle, overweight or obesity (BMI > 25 kg/m2), 
visits to the physician, and use of medicines) on 
uncontrolled HTN. As it is seen, only overweight 
and obesity had a significant effect on the incidence 
of uncontrolled HTN (OR = 4.469; CI95%: 1.431-
13.955; P = 0.010). Stepwise logistic regression 
revealed that after adjustments for all variables, being 
male and BMI > 25 kg/m2 increased the chance for 
uncontrolled HTN. In contrast, inappropriate 
attitude decreased the chance (Table 4). 

 
Table 1. Demographic and socioeconomic characteristics and risk factors in individuals with controlled and 
uncontrolled Hypertension (HTN) 

Variable Controlled Uncontrolled P 
Gender*  43 (37.7) 71 (62.3) 

0.288 Male 18 (41.9) 37 (52.1) 
Female 25 (58.1) 34 (47.9) 

Education (year)*    

0.556 
0-5 26 (60.5) 38 (53.5) 
5-12 11 (25.6) 25 (35.2) 
> 12 6 (14.0) 8 (11.3) 

Marital status*    
0.565 Single 5 (11.6) 11 (15.5) 

Married 38 (88.4) 60 (84.5) 
Household’s monthly income (Iran Rial)*   

0.749 
< 300,000 IRR 7 (16.7) 16 (22.9) 
300,00_ 500,000 IRR 19 (45.2) 26 (37.1) 
500,00_ 800,000 IRR 9 (21.4) 18 (25.7) 
> 800,000 IRR 7 (16.7) 10 (14.3) 

Insurance coverage*  34 (79.1) 61 (85.9) 0.342 
History of diabetes*  15 (34.9) 27 (38.0) 0.736 
History of hyperlipidemia*  22 (51.2) 43 (60.6) 0.326 
History of heart attack*  3 (7.0) 4 (5.6) 1.000 
History of stroke*  0 (0) 6 (8.5) 0.082 
Age (year)**  60.63 ± 12.10 60.75 ± 9.88 0.955 
Night sleep (hour)**  5.36 ± 2.91 5.09 ± 3.22 0.718 
Body mass index(kg/m2)**  28.44 ± 4.10 30.05 ± 4.63 0.063 
Waist/hip ratio (mean ± SD)**  0.91 ± 0.09 0.94 ± 0.06 0.064 

* N (%); ** Values are n (%) or mean ± SD 
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Table 2. The comparison of knowledge, attitude, and practice about lifestyle between the two groups 
 Controlled 

n (%) 
Uncontrolled 

n (%) P 

Knowledge    
What is normal blood pressure? 5 (11.6) 9 (12.7) 0.869 
What is hypertension? 15 (34.9) 34 (47.9) 0.174 
Are regular blood pressure measurements necessary? 39 (90.7) 69 (97.2) 0.197 
Can a person measure his/her blood pressure at home? 42 (97.7) 70 (98.6) 1.000 
Does hypertension require pharmacological treatment? 38 (88.4) 68 (95.8) 0.151 
Is diet modification necessary to control blood pressure? 41 (95.3) 68 (95.8) 1.000 
Is physical activity necessary to control blood pressure? 40 (93.0) 71 (100.0) 0.051 
Is avoiding tobacco products necessary to control blood pressure? 36 (83.7) 68 (95.8) 0.027 
Is stress management necessary to control blood pressure? 40 (93.0) 70 (98.6) 0.150 
Desirable knowledge score 24 (55.8) 46 (64.8) 0.340 

Attitude    
Is hypertension a disease? 40 (93.0) 64 ( 90.1) 0.740 
Is hypertension treatable? 36 (83.7) 64 (90.1) 0.311 
Do herbal medicines suffice in the treatment of hypertension? 24 (55.8) 45 (63.4) 0.423 
If you have hypertension, do you think your blood pressure is controlled? 7 (16.3) 11 (15.5) 0.911 
Desirable attitude score 27 (62.8) 62 (87.3) 0.002 

lifestyle    
Low-salt food 23 (53.5) 42 (59.2) 0.554 
Daily intake of fruits 27 (62.8) 54 (76.1) 0.130 
Daily intake of fresh vegetables 17 (39.5) 36 (50.7) 0.247 
Not adding table salt 38 (88.4) 63 (88.7) 0.953 
Adequate physical activity 22 (51.2) 32 (45.1) 0.528 
Current smoker 3 (7.0) 5 (7.0) 1.000 

Visits to the physician and pharmacological treatment    
At least one visit to the physician during the past six months 35 (81.4) 61 (85.9) 0.521 
Receiving prescriptions from the physician 40 (93.0) 69 (97.2) 0.364 
Regular use of the prescribed antihypertensive medicines 36 (90.0) 61 (88.4) 0.798 
The physician’s emphasis on medicine use during every visit 29 (74.4) 48 (71.6) 0.762 
Family support in taking antihypertensive medicines 11 (27.5) 16 (23.2) 0.615 
Discontinuation of antihypertensive medicines 4 (10.0) 9 (13.0) 0.637 
Side effects of antihypertensive medicines 3 (7.7) 10 (14.7) 0.285 
At least one visit to the physician during the past six months 35 (81.4) 61 (85.9) 0.521 

 
Table 3. Crude effect of demographic and socioeconomic characteristics, risk factors, knowledge, attitude, and practice, 
lifestyle, and pharmacological treatment on blood pressure control 

Variable Odds ratio Confidence interval P 
Male gender 1.510 0.704-3.245 0.289 
Education level lower than high school diploma 1.270 0.411-3.968 0.627 
Not being married 1.390 0.449-4.324 0.566 
Income level < 500,000 Rials 0.920 0.421-2.024 0.842 
No insurance coverage 0.619 0.229-1.672 0.344 
History of diabetes 1.145 0.520-2.522 0.736 
History of hyperlipidemia 1.466 0.683-3.148 0.327 
History of heart attack 0.796 0.168-3.740 0.773 
Body mass index > 25 kg/m2 4.469 1.431-13.955 0.010 
Undesirable knowledge 0.686 0.317-1.489 0.341 
Undesirable attitude 0.245 0.096-0.623 0.003 
Not using low-salt diet 0.794 0.370-1.704 0.554 
No daily fruits intake 0.531 0.233-1.211 0.133 
No daily fresh vegetables intake 0.636 0.295-1.371 0.248 
Immobility (30-minute sessions of physical activity less than 3 times per week) 1.277 0.598-2.727 0.528 
Smoking 1.010 0.229-4.456 0.989 
No visits to the physician in the past six months 0.717 0.259-1.986 0.522 
No prescription from the physician 0.386 0.062-2.412 0.309 
Not taking the prescribed antihypertensive medicines regularly 1.180 0.332-4.199 0.798 
The physician’s lack of attention to emphasizing on regular use of 
medicines in every visit 

1.148 0.470-2.806 0.762 

Lack of family support in using antihypertensive medicines 1.256 0.515-3.063 0.616 
Discontinuation of antihypertensive medicines 0.741 0.213-2.581 0.637 
Side effects of antihypertensive medicines 0.483 0.125-1.875 0.293 
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Table 4. Factors leading to uncontrolled Hypertension (HTN) after stepwise logistic regression 
 Odds ratio Confidence interval P 
Male gender 8.475 1.276-56.313 0.027 
Body mass index > 25 kg/m2 13.091 1.437-116.352 0.021 
Appropriate attitude 0.047 0.007-0.318 0.002 

 

Discussion 

The present study indicated that the two groups with 
controlled and uncontrolled HTN were similar in 
terms of gender, education and income level, 
insurance coverage, history of diseases, treatment 
type, frequency of visits to the physician, and family 
support. Furthermore, no significant difference in 
knowledge, attitude, and practice was observed 
between the two groups (except for appropriate 
knowledge about smoking which was significantly 
higher in subjects with uncontrolled HTN). 
Meanwhile, the frequency of desirable attitude was 
significantly higher in the group with uncontrolled 
HTN than in the other group. The mean BMI was 
also higher, but not significantly, in the mentioned 
group. After all analyses, BMI > 25 kg/m2 and being 
male were confirmed to have significant effects on 
increasing the chance for uncontrolled HTN.  

Previous studies about the effects of gender on 
uncontrolled HTN have reported contradictory 
results. Being female had no impact on BP control 
in Oman but in Canada women older than 60 years 
of age were more likely to have uncontrolled 
hypertension than men.19,20 Keyhani et al. evaluated 
data from the National Ambulatory Medical Care 
Survey and the National Hospital Ambulatory 
Medical Care Survey in the United States and found 
higher frequency of women among subjects with 
uncontrolled HTN. Moreover, in logistic regression, 
65-80 year old women had a lower chance of blood 
pressure control than their male counterparts.21 

In contrast, the National Health and Nutrition 
Examination Survey in the United States rejected 
any difference in blood pressure control between 
the two sexes.22 A systematic review on studies 
about blood pressure control in Africa concluded 
that women had better controlled HTN than men.23 
Cultural differences might have been responsible 
for such inconsistencies. In addition, according to 
recent studies, the higher prevalence of mortality 
and morbidity due to cardiovascular diseases in 
women has attracted physicians’ attention toward 
the treatment of female patients.24 

BMI > 25 kg/m2 was another factor leading to 
uncontrolled HTN. Various studies have reported 
similar relations between overweight/obesity and 
uncontrolled HTN. In a study on hypertensive 

African-Belgians, Decoste et al. found uncontrolled 
HTN to be significantly related with obesity, 
diabetes, and a sedentary lifestyle.25 Downie et al. 
identified overweight and obesity as a factor leading 
to uncontrolled HTN.26 Lloyd-Jones et al. observed 
the significant effect of BMI > 30 kg/m2 (as 
compared to BMI > 25 kg/m2) on uncontrolled 
HTN.27 In general, overweight and obesity are 
currently considered as a major barrier to blood 
pressure control.5,28 

The effect of BMI > 25 kg/m2 on uncontrolled 
HTN in the current study was much stronger than 
that in similar research. This is extremely important, 
since our groups had no significant differences in 
lifestyle, treatment regimen, or demographic and 
socioeconomic characteristics. Further investigation 
may help clarify the reason behind this difference. 
Iranian ethnicity and differences in hormones, 
enzymes, and genetics may justify the magnitude of 
the observed relationship. As we did not have 
genetic information about the participants, future 
studies with genetic testing are warranted. Once a 
genetic background for uncontrolled HTN is 
proven, more effective treatment and preventive 
measures can be developed.  

Overall, based on our findings, blood pressure 
control policies should mainly focus on men and 
overweight/obese individuals. Since research has 
shown the increasing trend of overweight and 
obesity in Iran, a growing number of cases with 
treatment-resistant HTN are to be expected in the 
future. Therefore, the Ministry of Health is 
recommended to emphasize on the design and 
implementation of weight control policies through 
either public education or legislations to control fast 
foods and food products.  

Conclusion 

Our findings showed that individuals with 
controlled and uncontrolled HTN had similar 
knowledge, attitude, and lifestyle, and followed 
comparable pharmacological treatments. It is, 
however, of utmost importance to control blood 
pressure in men and overweight/obese individuals. 
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Abstract 
BACKGROUND: Iron is essential for many physiological processes; whereas, iron overload has 
been known as a risk factor in progression of atherosclerosis. The aim of this study was to 
investigate the importance of serum ferritin levels, which are known as an indicator of body iron 
stored in the incidence of coronary artery disease (CAD). 

METHODS: In a case-control study, we evaluated 432 eligible men who underwent coronary 
angiography at Chamran Cardiology Hospital, Isfahan, Iran. They were separated into two 
groups of case (with CAD) and control (without CAD). All subjects had given written informed 
consents. Then, the blood samples were taken after 12-14 hours of fast by a biologist for 
measuring cardiovascular risk factors and body iron stores, including serum ferritin, serum iron, 
and total iron binding capacity (TIBC). For statistical analyses, chi-square test, Student’s t-test, 
one-way ANOVA, and the logistic regression were used. 

RESULTS: In the present study, 212 participants with CAD in the case group and 220 participants 
free of CAD in the control group were included in the analysis. At baseline, there were significant 
differences in serum ferritin (P < 0.001) and other cardiovascular risk factors between the two 
groups. Moreover, when other risk factors of CVD were included in the model, serum ferritin [Odd 
Ratio (OR) = 1.006, 95% confidence interval of 95% (95% CI) 1.00-1.01, P = 0.045] and serum 
ferritin ≥ 200 (OR = 4.49, 95% CI 1.72-11.70, P < 0.001) were associated with CAD. 

CONCLUSION: High iron store, as assessed by serum ferritin, was associated with the increased 
risk of CAD. Furthermore, it was a strong and independent risk factor in the incident of 
atherosclerosis in the Iranian male population. 

 

Keywords: Iron, Ferritin, Coronary Artery Disease, Coronary Angiography 
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Introduction 

Cardiovascular disease (CVD) is the single largest 
cause of mortality in the world and results from the 
combination of environmental and genetic factors.1,2 
In this respect, though iron is essential for many 
physiological processes, iron overload has been known 
as a risk factor in progression of atherosclerosis.3,4 

Excessive iron is capable of stimulating the 
progression of atherosclerotic lesions, to catalyze 
the production of free radicals, and to promote lipid 
peroxidation by reducing the levels of antioxidants 
in plasma; therefore, it can be associated with the 
progression of atherosclerosis and increase in the 

risk of ischemic cardiovascular events.5,6 

Epidemiological studies have provided 
contradictory results regarding iron stores and 
subsequent atherosclerosis and coronary artery 
disease (CAD).5,7,8 For example, Klipstein-Grobusch 
et al. observed an independent relationship between 
serum ferritin levels and carotid atherosclerosis.8 In 
addition, another study revealed that iron is an 
important factor in the process of atherosclerosis.9 
However, Knuiman et al., with a 17-year follow-up 
study in Australia, evaluated the association between 
serum ferritin level and coronary heart disease 
(CHD) and stroke events. The results of their study 
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did not show any evidence in relation to ferritin level 
as a risk factor for CVD.4 Another investigation 
proposed that excessive body iron stores are not 
associated with the risk of CHD in women.10 

To our knowledge, in this respect no 
comparison was made between patients with CAD, 
according to the injured vessels, and individuals 
without CAD. We consequently undertook to 
further investigate the hypothesis of a link between 
iron and cardiovascular disease by analyzing the 
association of serum ferritin levels, as an indicator 
of body iron stores, with CAD in the Iranian male 
population, and comparing the differences between 
patients with CAD, according to the number of 
injured vessels, and individuals without CAD. 

Materials and Methods 

In a case-control study, we randomly evaluated 481 
men who underwent coronary angiography at the 
Isfahan referral center for cardiac patients, Chamran 
Hospital, Iran, from May 2010 until January 2011. In 
this case-control study, participants were separated 
into two groups by simple sampling.  The case group 
comprised of 223 patients with CAD if one or more 
coronary arteries had a stenosis ≥ 50% and the 
number of significant stenosis vessels were also 
recorded. The control group comprised of 258 
individuals without CAD according to their 
angiography data and if there was no significant 
epicardial artery stenosis. The risk of CAD was 
assessed by the cardiologist through watching selective 
coronary angiography. Of all of the participants, 432 
were considered eligible for participating in the study, 
212 in the case group and 220 in the control group. 
We excluded individuals with a recent history of 
surgery and acute or chronic inflammatory diseases, 
such as inflammatory bowel disease (IBD), and 
rheumatoid arthritis, gastric ulcer, cancer, viral or liver 
disease, and those who took iron and vitamin 
supplements. In addition, patients with thalassemia 
and hemochromatosis were excluded from the study. 
All subjects completed the questionnaire including 
medical history and smoking after giving a written 
informed consent. Mean diastolic and systolic blood 
pressures were calculated from two independent 
measurements, each of which was taken with the 
subject in a supine position after 10 minutes of rest. 
The blood samples were taken after 12-14 hours of 
fasting for measuring hematologic indexes, fasting 
blood sugar, and serum lipids by standard clinical 
laboratory procedure. Serum lipids, including 
triglycerides (TG), total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-C) using enzymatic 

methods, and low density lipoprotein cholesterol 
(LDL-C), were calculated according to the Friedewald 
et al. formula.11 Serum samples were collected from 
the case and control subjects simultaneously and 
frozen at -20ºC until used to determine serum ferritin 
levels, serum iron, and total iron-binding capacity 
concentrations (TIBC). Serum ferritin concentration 
was determined by enzyme-linked immunoassay (Ideal 
Company). The CVs were 2.8%, 4.0%, and 10.4% for 
ferritin concentrations of 389, 139, and 27 mg/l, 
respectively. Serum iron and TIBC were determined 
by photometry with an eppendorf patient oriented 
system (EPOS) Chemistry Analyzer. The research 
protocol was taken under the medical ethics standards 
and was approved by the Medical Ethics Committee 
of Isfahan University of Medical Sciences. 

Chi-square test and Student’s t-test were used to 
compare case and control groups. For considering 
the differences in the variables in the patients with 
the number of involved arteries, one-way ANOVA 
was employed. The logistic regression was used to 
estimate the incidence of CAD as dependent variable 
and serum ferritin as independent variable, adjusted 
for age, hypertension, diabetes, hyperlipidemia, and 
smoking. Numerical values were expressed as  
mean ± standard deviation. P-values less than 0.05 
were considered as statistically significant. 

Results 

In the present study 432 men were evaluated; they 
were divided into individuals with CAD (n = 212, 
mean age = 58.76 ± 11.01 years) and individuals 
without CAD (n = 220, mean age = 52.16 ± 12.72). 
Chi-square test and Student’s t-test were used to 
compare case and control groups (Table 1). Significant 
differences were seen in ischemic heart disease, 
diabetes, hyperlipidemia, hypertension, smoking, and 
serum ferritin between the two groups. However, 
significant differences were not observed in other 
variables. In addition, we compared patients with 
CAD according to the number of injured arteries. 
In this section, we employed one-way ANOVA and 
outcomes showed that these three groups (injury in 
one vessel, two vessels, and three vessels) did not 
have any significant differences in serum ferritin, 
serum iron, and serum total iron binding capacity 
(TIBC) (Table 2). 

Results revealed that CAD was associated with 
serum ferritin levels when age, diabetes, hypertension, 
hyperlipidemia, and smoking were included in the 
model. It showed that the case group that had serum 
ferritin ≥ 200 had a four-fold higher risk of 
atherosclerosis than the control group (Table 3). 
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Table 1. Basic characteristics of subjects in case and control groups 

Variable Case group 
n = 212 

Control group 
n = 220 P 

Hypertension (%) 70 (33.0%) 42 (19.0%) < 0.001 
Diabetes mellitus (%)   57 (26.7%) 25 (11.3%) < 0.001 
Hyperlipidemia (%) 78 (36.7%) 44 (20.0%) < 0.001 
Smoking (%) 145 (66.7%) 37 (16.7%) < 0.001 
Serum ferritin (mg/dl) 206.8 ± 156.3 147.3 ± 132.9 < 0.001 
Serum iron (mg/dl) 106.8 ± 46.9 107.6 ± 29.6 > 0.050 
Serum TIBC (mg/dl) 310.8 ± 99.6 337.7 ± 56.5 > 0.050 
Transferrin saturation (%) 33% ± 22.0 29% ± 21.0 > 0.050 

TIBC: Total iron binding capacity 

 
Table 2. Comparison of the patients according to the injured vessels 

Variable 
n = 212 

One vessel 
n = 74 

Two vessels 
n = 39 

Three vessels 
n = 99 

P 

Serum ferritin (mg/dl) 236.5 ± 173.69 203.66 ± 199.34 187.78 ± 131.54 > 0.05 
Serum iron (mg/dl) 118.9 ± 41.11 79.33 ± 46.23 110.07 ± 49.40 > 0.05 
Serum TIBC (mg/dl) 341.2 ± 110.89 307.00 ± 130.00 290.78 ± 77.46 > 0.05 

TIBC: Total iron binding capacity 
 

Table 3. The association of ferritin and coronary artery disease 

Variables OR (95% CI) P 
Serum ferritin  1.006 (1.00-1.01) 0.045 
Serum ferritin ≥ 200 ng/ml 4.49 (1.72-11.70) 0.001 

Adjusted for age, hypertension, diabetes, hyperlipidemia, and smoking 
OR: Odds ratio, CI: Confidence interval 

 

Discussion 

Ferritin is an iron storage protein. Serum ferritin 
concentrations are directly proportional to intracellular 
ferritin concentrations; therefore, it is considered to be 
the best indicator of body iron stores. This case-
control study revealed that excess serum ferritin is 
associated with atherosclerosis in Iranian males with 
coronary artery disease. In addition, findings showed 
that the risk of high serum ferritin persisted when 
other risk factors such as age, hypertension, diabetes, 
hyperlipidemia, high LDL-C, and smoking were 
adjusted in the model. Moreover, results indicated that 
men with CAD and serum ferritin concentration ≥ 
200 ng/ml had a four-fold higher risk of 
atherosclerosis than healthy men. Therefore, elevated 
serum ferritin level may have an independent adverse 
effect on the incidence of atherosclerosis in patients 
with CAD. No significant statistical difference was 
seen in patients with single vessel, double vessels, and 
triple vessels disease regarding serum iron, serum 
ferritin, and serum TIBC. Furthermore, lack of a 
significant statistical difference in the other parameters 
such as serum iron, TIBC, and transferrin saturation, 
which are involved in iron homeostasis, can be 
attributed to the laboratory errors, the diurnal changes, 
and the hemolysis of blood samples.10-12 

Many epidemiological studies have considered the 
association of iron status and CVD; however, 
contradictory results have been presented. Haidari et 
al. concluded that high stored iron concentration, as 
assessed by serum ferritin, is a strong and independent 
risk factor for premature CAD in the male Iranian 
population.13 Other studies proposed elevated serum 
ferritin concentrations to be associated with increased 
risk of CVD and myocardial infarction in elderly 
population, and that it is the leading cause of death 
and illness in the world.8,14 A review article suggested 
strong epidemiological evidence is available that iron is 
an important factor in processing of atherosclerosis.9 

Salonen et al. demonstrated that a ferritin 
concentration ≥ 200 mg/l was associated with a 2.2-
fold increase in the risk of acute myocardial infarction 
in men after adjustment for other risk factors.15 

Many studies suggested that elevated serum 
ferritin increased the risk of atherosclerosis in the 
presence of other risk factors. Ferritin can act as a 
catalyzer in the production of oxygen free radicals 
and lipid peroxidation and play a role in the 
formation of oxidized LDL.16-18 

Oxidation of LDL causes the accumulation of 
lipids in endothelial and smooth cells, and prevents 
macrophages from leaving the arterial wall. Thus, 
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 these effects promote the atherosclerosis lesion.1,2,9 

On the other hand, there are many investigations 
that were inconsistent with our findings. 
Armaganijan and Batlouni suggested that serum 
ferritin and other organic iron indicators were 
neither risk factors nor risk markers for coronary 
atherosclerosis and serum iron levels were higher in 
the group without atherosclerosis.19 Auer et al. 
showed that higher ferritin concentrations and 
transferrin saturation levels were not associated with 
an increased extent of coronary atherosclerosis in 
patients who referred for coronary angiography.7 

It could be mentioned that these conflicting 
results may be due to the large variability in 
estimates of iron stores, which included serum iron, 
serum ferritin, serum transferrin, and etcetera, the 
diversity methods in the diagnosis of 
atherosclerosis, and the variability in the size of 
demographic samples.19-21 

The strengths of this study are the large sample 
size and the exclusion of participants with known 
diseases and supplementations usage at baseline 
which reduced potential for some biases. The 
limitation of this study is that it was conducted in 
men only and thus the results may not be 
generalized to women. 

In conclusion, high stored iron concentration, as 
assessed by serum ferritin, was associated with the 
increased risk of CAD, while the number of injured 
vessels in these patients did not have any 
association with the progression of disease. In 
addition, it should be noted that high stored iron 
concentration was a strong and independent risk 
factor in the incident of atherosclerosis in the 
Iranian male population. 
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Abstract 
BACKGROUND: Various devices have been recently employed for percutaneous closure of the 
patent ductus arteriosus (PDA). Although the high effectiveness of device closure techniques has 
been clearly determined, a few studies have focused on the cost-effectiveness and also 
postoperative complications of these procedures in comparison with open surgery. The present 
study aimed to evaluate the clinical outcome and cost-effectiveness of PDA occlusion by 
Amplatzer and coil device in comparisong with open surgery. 

METHODS: In this cross-sectional study, a randomized sample of 201 patients aged 1 month to 
16 years (105 patients with device closure and 96 patients with surgical closure) was selected. 
The ratio of total pulmonary blood flow to total systemic blood flow, the Qp/Qs ratio, was 
measured using a pulmonary artery catheter. The cost analysis included direct medical care 
costs associated with device implantation and open surgery, as well as professional fees. All 
costs were calculated in Iranian Rials and then converted to US dollars. 

RESULTS: There was no statistical difference in mean Qp/Qs ratio before the procedure between 
the device closure group and the open surgery group (2.1 ± 0.7 versus 1.7 ± 0.6, P = 0.090). The 
mean measured costs were overall higher in the device closure group than in open closure group 
(948.87 ± 548.76 US$ versus 743.70 ± 696.91 US$, P < 0.001). This difference remained 
significant after adjustment for age and gender (Standardized Beta = 0.160, P = 0.031). PDA 
closure with the Amplatzer ductal occluder (1053.05 ± 525.73 US$) or with Nit-Occlud coils 
(PFM) (912.73 ± 565.94 US$, P < 0.001) was more expensive than that via open surgery. 
However, the Cook detachable spring coils device closure (605.65 ± 194.62 US$, P = 0.650) had 
a non-significant cost difference with open surgery. No event was observed in the device closure 
group regarding in-hospital mortality or morbidity; however, in another group, 2 in-hospital 
deaths occurred, two patients experienced pneumonia and seizure, and one suffered electrolyte 
abnormalities including hyponatremia and hypocalcemia. 

CONCLUSION: Although open surgery seems to be less expensive than device closure technique, 
because of lower mortality and morbidity, the latter group is more preferable. 

 

Keywords: Cost-effectiveness, Outcome, Device Closure, Open Surgery Closure, Patent Ductus 
Arteriosus 
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Introduction 

Within the past decade, various devices have been 
employed for percutaneous closure of the patent 
ductus arteriosus (PDA). Coil implantation, 

especially detectable release coils, are currently 
utilized particularly in small-diameter ducts.1 
However, in larger ducts, the use of this technique 
may be accompanied with procedural complexity, 
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such as applying multiple coils.2 In this regard, the 
Amplatzer duct occluder has been recently 
introduced as a device that is more appropriate for 
larger sized ducts and also has a high rate of success 
and safety for occlusion of PDA by the 
percutaneous approach.3 Furthermore, this 
procedure results in high occlusion rate and a low 
rate of procedure-related complications.4 Some 
recent studies have shown an occlusion rate higher 
than 99% during 6 months of device deployment.5 
Even, the majority of occlusions may have occurred 
within a day of device implantation. Moreover, 
although open surgical treatment of the PDA is a 
low-risk procedure, because of the necessity for 
general anesthesia, occurrence of surgery-related 
complications, and longer hospital stay, developing 
a catheter-based technique such as Amplatzer duct 
occlude and implantation of coils by this technique 
has gained more interest recently.6,7 In this regard, 
although the high effectiveness of this technique 
has been clearly determined, few studies have 
focused on the cost-effectiveness and postoperative 
complications of this procedure in comparison with 
common applied treatment methods such as open 
surgery. The present study aimed to evaluate the 
clinical outcome and cost-effectiveness of PDA 
occlusion by Amplatzer and coil device in 
comparison with open surgery. 

Materials and Methods 

In this cross-sectional study, a randomized sample 
of 201 patients aged 1 month to 16 years (105 
patients with device closure and 96 patients with 
surgical closure) were selected. The devices 
implanted for these patients included the Amplatzer 
ductal occluder (ADO) in 36 patients, Nit-Occlud 
coils (PFM AG, Köln, Germany) in 63 patients, and 
Cook detachable spring coils (CDC) in 6 patients. 
Clinical data, including gender and age, were 
collected from hospital-recorded files. Before 
assessment of the procedural results of operation, 
the ratio of total pulmonary blood flow to total 
systemic blood flow, the Qp/Qs ratio, was 
measured. In cardiac catheterization, using 
pulmonary artery catheter (a Qp/Qs ratio of 1:1) 
indicates that there is no shunting. A Qp/Qs ratio 
of > 1:1 indicates that pulmonary flow exceeds 
systemic flow and defines a net left-to-right shunt. 
Similarly, a Qp/Qs ratio of < 1:1 indicates a net 
right-to-left shunt. If the left-to-right shunt equals 
the right-to-left shunt in magnitude, it is possible to 
have Qp/Qs of exactly 1:1.8 

Our cost analysis included direct medical care 

costs associated with device implantation and open 
surgery as well as professional fees. All costs were 
calculated in Iranian Rials and then converted to US 
dollars ($1 = 12260 Iranian Rials), and updated to 
2013 dollars by using the grossdomestic product 
deflator. Our study endpoint was to evaluate and 
compare clinical consequences as well as cost-
effectiveness of implanted device and open surgery. 
Results were reported as mean ± standard deviation 
(SD) for quantitative variables and percentages for 
categorical variables. The groups were compared 
using t-test or Mann-Whitney test for continuous 
variables and the chi-square test or Fisher's exact 
test if required for categorical variables. The 
multivariate linear regression analysis was used to 
assess between-group differences in analyzed direct 
costs with the presence of the two variables of 
gender and age. P values of 0.05 or less were 
considered statistically significant. All statistical 
analyses were performed using SPSS for Windows 
(version 19.0; SPSS Inc., Chicago, IL, USA). 

Results 

The average age of the study population was  
4.37 ± 3.11 years (median 3.9 years) with female to 
male ratio of 1.9. No significant difference was 
revealed between the group with device closure and 
the group with surgical closure in mean age  
(4.20 ± 3.35 years versus 4.55 ± 2.83 years,  
P = 0.414) and the prevalence of female patients 
(66.7% versus 64.6%, P = 0.756). The mean Qp/Qs 
ratio was not statistically different between the 
device closure group and the open surgery group 
(2.1 ± 0.7 versus 1.7 ± 0.6, P = 0.090). The mean 
measured costs were overall higher in the device 
closure group than in the open closure group 
(948.87 ± 548.76 US$ versus 743.70 ± 696.91 US$, 
P < 0.001). In this context, PDA closure with the 
ADO (1053.05 ± 525.73 US$) or with PFM  
(912.73 ± 565.94 US$, P < 0.001) was more 
expensive than that via open surgery, but PDA 
closure with Cook coil (605.65 ± 194.62 US$,  
P = 0.650) had a non-significant cost difference with 
open surgery. The difference in direct cost between 
PDA closure by device implantation and open surgery 
remained significant after adjustment for age and 
gender (standardized beta = 0.160, t = 2.174,  
P = 0.031). Regarding postoperative complications, 
such as in-hospital mortality or morbidity, no events 
were observed in the device closure group. However, 
in the other group, 2 in-hospital deaths occurred 
(mortality rate of 2.1%), 2 patients  
experienced pneumonia and seizure, and 1 suffered  
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electrolyte abnormalities, including hyponatremia  
and hypocalcemia. 

Discussion 

The ADO and other device-based closure 
techniques have achieved a definite place in the 
armamentarium of the interventional cardiologist 
for the closure of partially large sized PDAs with an 
occlusion rate higher than 99% within a mid-term 
following operation.9 Along with ADO, the PFM, 
including the detachable release coil, has proven to 
be an efficacious method for repairing PDA. By 
developing these nonsurgical closure procedures for 
treatment of the PDA, the incidence of residual 
shunt was gradually reduced, the complexity of 
treatment was considerably decreased, and the 
unsuitability of surgery for larger PDAs was 
resolved.10-12 

The present study reported our recent 
experience on the use of different devise closure 
techniques for minimizing limitations of open 
surgery with regard to postoperative complications 
and its cost-effectiveness. Our observation could 
not support higher cost-effectiveness of these 
device-based techniques compared with open 
surgery; however, postoperative adverse events, 
including early mortality and morbidity, have been 
shown to be notably lower following employment 
of the former techniques. Thus, applying device-
based closure techniques may be preferable in 
comparison with open surgeries. The main reason 
for occurrence of early complications after open 
surgery may be thoracotomy, and therefore trans-
catheter methods were evolved to avoid 
thoracotomy.13 The rare, but serious, complication 
of trans-catheter closure of the PDA is device 
embolization, which is relatively common early in 
the experience with coils. Followed by this 
complication, flow disturbance in the proximal left 
pulmonary artery or descending aorta from a 
protruding device, hemolysis from high-velocity 
residual shunting, femoral artery or vein thrombosis 
related to vascular access, and infection may be 
consequences of using these devices, none of which 
were reported in our observation.13 Beside device-
based techniques, despite greater pain and 
morbidity, open surgery is a safe and effective 
procedure; however, due to development of device 
closing techniques, surgical ligation or division of 
the PDA remains the treatment of choice for the 
rare very large ductus. As shown in our survey, 
despite no reported complications related to the 
device closure group, the open surgical ligation 

method was accompanied with 2.1% and 3.1% early 
mortality and morbidity rates, respectively. 
Mavroudis et al. reported the surgical procedural 
success rate to be 100% with a morbidity rate of 
4.4% and mortality rate of 0% in a single-institution 
cohort over a 46-year period.13 Similar morbidity 
and mortality rates have been seen in other patient 
cohorts, and a general estimate of the surgical 
mortality rate is < 0.5%.13-16  

Reviewing the literature has shown that the 
closure rates of surgical ligation has been estimated to 
be 94% to 100% comparable with device-based 
methods, but with up to 2.0% mortality rate.17-19 In 
our experience, the main surgery-related 
complications included pneumonia, pneumothorax, 
seizure, and some electrolyte abnormalities, including 
hyponatremia and hypocalcemia. According to 
previous reports, the major complications of open 
surgery are bleeding, pneumothorax, infection, and, 
rarely, ligation of the left pulmonary artery or aorta. 
Recently, due to the development of transaxillary 
muscle-sparing thoracotomy and the technique of 
video-assisted thoracoscopic ligation of the PDA, 
morbidity rate has been reduced, hospital stay has 
shortened, and cost-effectiveness of surgery has 
increased.20,21  

In conclusion, although open surgery seems to be 
less expensive than the device closure technique, 
because of its lower mortality and morbidity rate, the 
latter technique is more preferable. 
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Does percutaneous nephrolithotomy cause elevated cardiac troponins? 
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Abstract 
BACKGROUND: Percutaneous nephrolithotomy is the treatment of choice in large and staghorn 
renal stones, and myocardial infarction is one the possible complications during and after the 
surgery. We investigated if renal and skeletal muscle injury, caused by percutaneous 
nephrolithotomy, can cause elevation in cardiac troponins (cTn). 

METHODS: This study was conducted on otherwise healthy patients with renal stone undergoing 
percutaneous nephrolithotomy. A baseline 12-lead electrocardiogram, echocardiography, and 
cTn assessment confirmed no cardiac pathology in any patients. Cardiac troponins T (cTnT) and 
I (cTnI), and also creatine kinase (CK) were assessed before and after surgery. 

RESULTS: A total of 55 patients (69.1% males, mean age: 40.5 ± 13.8 year) were included. Serum 
creatinine level ranged from 0.7 to 1.3 mg/dl (mean = 1.03 ± 0.17). The level of CK was 
significantly increased by 469.5 ± 201.4 U/l (P < 0.001), and no positive cTnT or cTnI was 
observed after surgery. 

CONCLUSION: The results of the present study showed that renal cell injury, caused by 
percutaneous nephrolithotomy, is not associated with elevated cardiac troponins. These findings 
show that increasing troponins in patients undergoing percutaneous nephrolithotomy indicate a 
cardiovascular pathology. 

 

Keywords: Percutaneous Nephrolithotomy, Coronary Artery Disease, Acute Coronary 
Syndrome, Cardiac Markers, Troponin 
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Introduction 

Percutaneous nephrolithotomy (PCNL) is the 
treatment of choice for renal staghorn stones.1  

Postoperative myocardial insult is a common 
surgical morbidity and mortality. Up to 40% of all 
coronary artery disease patients undergoing major 
non-cardiac operations develop post-surgical silent 
myocardial ischemia (MI), and between 2–4% 
experience myocardial damage or cardiac death.2,3 
Cardiovascular disease in patients scheduled for 
PCNL is common (23%).4 Accordingly, it is 
expected that patients encounter cardiac symptoms 
after surgery. We had a similar case in our clinic; 

PCNL was performed on a 62-year old diabetic man 
in our department, and 3 hours after the surgery the 
patient developed dyspnea. Electrocardiography and 
symptoms were unremarkable, but a three-fold 
increase in troponin was observed. We doubted 
whether renal and skeletal muscle trauma caused by 
PCNL could have increased serum troponin. The 
aim of this study was to investigate the diagnostic 
accuracy of cardiac troponin in patients undergoing 
PCNL. 

Previously, diagnosis of acute MI relied upon the 
combination of symptoms, electrocardiographic 
(ECG) abnormalities, and elevations in serum 
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cardiac enzymes. Since symptoms and ECG 
abnormalities may be nonspecific or absent after 
surgery, diagnosis of MI has been increasingly 
dependent on the evaluation of cardiac enzymes.1 
End stage renal disease (ESRD), old age, diabetes 
mellitus (DM), and some non-cardiac surgeries can 
complicate the clinical presentation of acute 
coronary syndrome (ACS).2,3 A large number of 
these patients have significant coronary artery 
diseases despite being asymptomatic or manifesting 
with atypical symptoms. Thus, the accurate 
interpretation of serum concentrations of cardiac 
enzymes is extremely important in these patients.1,3,5 

When available, cardiac troponins (cTn), 
including troponin T (cTnT) and troponin I (cTnI), 
are the markers of choice for early evaluation of 
patients suspicious for ACS. The skeletal muscle 
and cardiac isoforms of troponin T and troponin I 
are distinct and skeletal muscle isoforms are not 
detected by the currently used monoclonal 
antibody-based assays.1 Although cTnI and cTnT 
are specific markers for myocardial damage and MI, 
there are some other conditions, including renal 
failure and chronic kidney disease, accompanied 
with elevation of these enzymes in the absence of 
detectable myocardial damage or MI.6 Several 
studies reported sporadic or persistently increased 
level of cardiac troponins (> 0.1 ng/ml) among 
20% to 53% of patients with ESRD, with cTnT 
being more frequently elevated in patients on 
dialysis than cTnI.3  

The underlying mechanisms of the elevated cTn 
in ESRD patients are not clear and studies have 
controversial results. Previous studies have 
proposed that increased cTnT in asymptomatic 
patients with ESRD indicates a subclinical 
myocardial necrosis/injury caused by ischemia due 
to coronary artery disease (CAD), cardiac 
hypertrophy, and fluctuations in blood volume.1,2 
Abnormalities of troponin catabolism and clearance 
caused by renal failure or dialysis are also suggested 
to have a role in increased levels of troponins in 
ESRD patients.3,7 Some studies suggested that 
cardiac enzymes in serum of ESRD patients without 
evidence of ischemic heart disease are originated 
from the skeletal muscle and not from the heart.8,9 
Other studies also found elevated expression of 
cTnT in examined biopsy specimens from the 
skeletal muscle of dialysis patients, likely associated 
with uremic-induced skeletal myopathy.10,11 PCNL 
is a unique surgery with known parenchyma 
damage. Extensive search of literature did not 
reveal any related articles. 

It seems that the effect of renal surgeries and 
specifically PCNL on cardiac troponins has not 
been previously studied.  

We carried out this study in order to investigate 
whether renal injury, induced by PCNL, can cause 
elevation in cardiac troponins. 

Materials and Methods 

Patients and settings 
This study was conducted on 55 consecutive 
patients with renal stone referring to Alzahra 
University Hospital for PCNL between February 
2011 and February 2012. All patients were 
interviewed and examined by a cardiologist for 
symptoms, signs, and history of cardiovascular 
disease. A 12-lead ECG and echocardiography were 
done before the operation and patients with any 
abnormalities were not included in the study. Those 
with history, risk factors (DM, hypertension, 
hyperlipidemia, and smoking), or symptoms of any 
cardiovascular diseases and those with renal 
dysfunction (serum Cr > 1.5) were not included. 
The study was approved by the Ethical Committee 
of Isfahan University of Medical Sciences and an 
informed consent was obtained from each patient.  
Percutaneous nephrolithotomy 
The surgical procedure is summarized as follows: 
After general anesthesia, a 5 or 6 Fr ureteral catheter 
was inserted and fixed to a Foley catheter. The 
patient was then turned to a prone position with 
special care for the pressure points. The desired 
calyx was punctured under fluoroscopic guidance 
and a guide wire was inserted. Tract dilation was 
performed by Amplatz dilators in a one-shot 
manner. After Amplatz sheath insertion, 
nephroscopy was performed and stones were 
fragmented by a pneumatic lithotripter (Litho 
Crack, Sp. Swiss-Germany) and removed. Normal 
saline (0.9% NaCl) was used for continuous 
irrigation. In the case of residual stones more than 2 
cm in diameter that could not be accessed by the 
first tract, a second access was established. 

Residual stones less than 2 cm in diameter were 
scheduled for shock wave lithotripsy (SWL). Foley 
and ureteral catheter were removed 24 hours after 
the operation. Nephrostomy tube was clamped 48 
hours after operation and was removed after 24 
hours if no leak, pain, or fever was present. 
Demographic, perioperative data such as age, sex, 
stone burden, laterality, co-morbid diseases, stone 
opacity, operation time, number and site of 
accesses, and complications during and after surgery 
were recorded by the surgeon. Patients with 



 

 
 

www.mui.ac.ir 14 Jan  

 Shemirani, et al. 

 ARYA Atheroscler 2014; Volume 10, Issue 1       43 

excessive bleeding or hypotension during the 
operation were excluded from the study. Patients 
were kept hydrated during the operation and 
postoperative pain was controlled by narcotics. No 
non-steroidal anti-inflammatory drugs were used. 
Ceftriaxone was prescribed before the operation 
and continued until discharge. 
Assessments 
The serum levels of cTnT and cTnI were assessed 
before and 6 hours after surgery in automated 
immunoanalysis system (VIDAS® Troponin I 
Ultra, BioMérieux SA, Marcy l'Etoile, France). This 
system uses the enzyme-linked fluorescence assay 
(ELFA) principle, combining the enzyme linked 
immunosorbent assay (ELISA) method with a final 
fluorescent reading. CK was also assessed as a 
marker of renal injury before and 6 hours after 
lithotripsy using automated analyzer (Greiner 
Diagnostic GmbH, Bahlingen, Germany). 
Statistical analysis 
Data were analyzed using SPSS for Windows 
(version 16.0; SPSS Inc., Chicago, IL, USA). 
Categorical data were reported as frequencies and 
percentages. Continuous data were reported as mean 
and standard deviation (SD). Comparison of 
quantitative data before and after lithotripsy was 
done using the paired t-test. A P value of less than 
0.05 was considered as significant. 

Results 

A total of 55 patients (69.1% males, mean a 
ge = 40.5 ± 13.8 years) were studied. The mean 
operating time and mean hospital stay were  
116 ± 24 minutes and 3.93 ± 1.47 days, 
respectively. Moreover, 7 patients (12.7%) required 
second access tract. Auxiliary procedures were 
performed in 5 patients (9%). In addition, 50 
patients were completely stone free leading to a 
stone-free rate of 90%. Complication occurred in 17 
(31%) patients; fever in 13 (23.6%) patients, 
transfusion in 3 (5.4%) patients, and delayed 
hematuria in 1 (1.8%) patient. 

Serum creatinine level ranged from 0.7 to 1.3 
mg/dl (mean = 1.03 ± 0.17). Data regarding cTnT, 

cTnI, and CK are presented in table 1. The level of 
CK was significantly increased by 469.5 ± 201.4 
U/L after surgery (P < 0.001). No positive cTnT or 
cTnI was observed after PCNL. 

Discussion 

This observational study demonstrates that none of 
the patients undergoing PCNL developed elevated 
cardiac enzymes after the operation. It confirms 
that renal and skeletal muscle injury induced by 
percutaneous nephrolithotomy, which was 
documented by elevation in CK level, is not 
associated with elevation in cTnT or cTnI. 

Troponin is a cardio-specific enzyme, now 
universally used as the standard marker for 
detection of cardiac ischemia. It rises 4 to 6 hours 
after the myocardial injury and remains elevated for 
up to 10 days.12 It is also well-accepted as a marker 
of non-ischemic cardiac muscle injury such as 
myocardial trauma. However, it is falsely elevated in 
medical conditions, other than acute coronary 
syndrome, which occasionally makes the clinical use 
of this biomarker challenging.13 

The value of troponin in patients with 
conditions such as dialysis or renal transplant has 
already been studied.3,14-16. However, there is no 
report so far on the clinical application of cardiac 
enzymes in patient undergoing PCNL. 

Data regarding the serum levels of cardiac 
troponins in patients undergoing other urological 
procedures, such as renal transplant and 
extracorporeal shock wave lithotripsy (ESWL), exist. 
Bozbas et al. showed that cardiac troponin I should 
be the biomarker of choice in renal transplant 
patients as it remains unchanged during the 
procedure.17 In a survey by Greenstein et al. on 32 
patients undergoing SWL for kidney stones, the 
results provide confirmatory evidence of previous 
researches. No myocardial damage was detected and 
troponin is advised as a suitable tool in the evaluation 
of patients complaining of chest pain after SWL.18 In 
another report, lithotripsy induced arrhythmias were 
shown not to be associated with myocardial damages 
and the serum troponin levels did not increase.19 

 
Table 1. Cardiac troponins and creatine kinase before and after the lithotripsy 

 Before After P* 
CK, U/l 112.2 ± 47.0 581.7 ± 235.1 < 0.001 
cTnT > 0.1 µg/l 0 0 - 
cTnI > 0.1 µg/l 0 0 - 

Data are presented as mean ± standard deviation 
* P value 
CK: Creatine kinase; cTnT: Cardiac troponins T; cTnI: Cardiac troponins I 
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Shroff et al. retrospectively studied 376 
consecutive renal and renal/pancreas transplant 
recipients for a period of one year. They 
investigated cardiac events during the hospital stay 
and within 1 year after renal transplantation. 
Interestingly enough, all patients with a cardiac 
event during their hospital stay had abnormal cTnI 
in the immediate postoperative period.14  

Thus, negative cTnI immediately following 
transplantation had a high negative predictive value in 
distinguishing patients likely to develop in-hospital 
postoperative MI. They also found that the occurrence 
of at least one abnormal postoperative cTnI level 
immediately following renal transplantation was 
associated with increased rates of coronary 
revascularization at 1 year.14  

 Hypotensive episode is proved to be associated 
with increased infarction rates in patients 
undergoing surgeries. Therefore, in patients with 
perioperative bleeding risk factors, cardiac events 
should be monitored more closely. Although severe 
bleeding leading hypovolemic shock is reported to 
have an occurrence rate of less than 3% of patients; 
however, troponin measurement might have a more 
diagnostic value in patients with hemorrhage risk 
factors undergoing PCNL.20,21 

PCNL is accepted as a relatively safe procedure 
for removal of kidney stones.22 Mohta et al. 
monitored hemodynamic, electrolyte, and metabolic 
changes before, during, and after the irrigation in 
PCNL patients. They found no significant 
alterations in the aforementioned variables such as 
heart rate, systolic and diastolic blood pressure, 
arterial blood gases, and electrolytes.23 Likewise, we 
found PCNL to be a safe procedure with regard to 
alterations in cardiac muscle injury-related markers. 
Shen et al. showed that PCNL induces less 
inflammatory systemic response than open surgery. 
They examined the immunological markers of tissue 
damage, such as CRP and IL-6, and found that the 
tissue damage markers in PCNL group were 
significantly less than the open surgery group.22 On 
the other hand, in our study, the troponin levels 
have been measured both before and after the 
surgery in order to better monitor the level changes. 
However, patients with medical conditions such as 
renal impairment, diabetes, and hypertension have 
not been included in the study; therefore, the role of 
cardiac enzymes in patients with these medical 
conditions undergoing PCNL should be examined 
by future studies. In order to define the value and 
cost-effectiveness of routine post-PCNL 
measurement of cardiac troponins, trials with large 

sample sizes are required to identify the incidence of 
cardiac events in these patients. 

Another point of our study was that we only 
monitored the troponin level once after the urologic 
procedures, we did not examine the long term 
cardiac events in the patients; hence, prospective 
evaluations with longer follow up period are needed 
to define the accuracy of cardiac enzymes in PCNL 
patients in diagnosis of late cardiac events.  

Conclusion 

The results of the present study showed that renal 
cell injury, modeled by percutaneous 
nephrolithotomy, is not associated with elevated 
cardiac troponins. Thus, in postoperative chest 
discomfort, troponins could be a valuable marker of 
myocardial infarction. An elevated post PCNL 
cardiac enzyme is highly sensitive for a cardiac event 
and requires prompt attention. 
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Abstract 
BACKGROUND: Seasonal variation in admissions and mortality due to acute myocardial 
infarction has been observed in different countries. Since there are scarce reports about this 
variation in Iran, this study was carried out to determine the existence of seasonal rhythms in 
hospital admissions for acute myocardial infarction, and in mortality due to acute myocardial 
infarction (AMI) in elderly patients in Isfahan city. 

METHODS: This prospective hospital-based study included a total of 3990 consecutive patients 
with acute myocardial infarction admitted to 13 hospitals from January 2002 to December 
2007. Seasonal variations were analyzed with the Kaplan-Meier table, log rank test, and Cox 
regression model. 

RESULTS: There was a statistically significant relationship between the occurrence of heart 
disease based on season and type of acute myocardial infarction anatomical (P < 0.001). The 
relationship between the occurrence of death and season and type of AMI according to 
International Classification of Diseases code 10 (ICD) was also observed and it was statistically 
significant (P = 0.026). Hazard ratio for death from acute myocardial infarction were 0.96 
[Confidence interval of 95% (95% CI) = 0.78-1.18], 0.9 (95%CI = 0.73-1.11), and 1.04 (95%CI = 
0.85-1.26) during spring, summer, and winter, respectively. 

CONCLUSION: There is seasonal variation in hospital admission and mortality due to AMI; 
however, after adjusting in the model only gender and age were significant predictor factors. 
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Introduction 

Cardiovascular disease (CVD) is the most common 
cause of death in Iran.1 There has been an 
increasing trend in proportional mortality rate since 
1981. In 1995, 47.3% of all deaths were due to 
CVD. According to the first national burden of 
disease study for the year 2003, the third highest 
disability-adjusted life years (DALYs) in all ages and 
both sexes (16% of total burden) attributed to this 

disease which included one billion years of life lost 
(YLL) due to premature mortality and 500 thousand 
years lived with disability (YLD).2 

During recent years, admission rate for 
myocardial infarction (MI) has risen. According to 
the World Health Organization (WHO) Monitoring 
Trends and Determinants in Cardiovascular Disease 
(MONICA) project, 28-day case-fatality rates 
ranged from 37% to 81% for men (average, 48% to 

Original Article 



 

 
 

www.mui.ac.ir 14 Jan  

 Mohammadian-Hafshejani, et al. 

 ARYA Atheroscler 2014; Volume 10, Issue 1       47 

49%), and from 31% to 91% for women (average, 
54%).3 Studies in the UK showed similar results.4,5 
The figure is very diverse in Iran; from 16% to 
65.5%.4٫5 In a study recently performed in Iran 
(Isfahan), 28-day case-fatality rate was 9.1%.6 

However, seasonal variation in admissions and 
mortality due to acute myocardial infarction has 
been observed in different countries.7-10 Therefore, 
most studies suggest that the highest occurrence of 
acute myocardial infarction, or admission to 
hospital and mortality has occurred during the 
winter9-11 and the lowest during the summer.10,11 
However, one study concluded that the highest 
occurrence rate of disease is in spring.12 Previous 
studies have reached diverse conclusions regarding 
the association of weather and weather change with 
the threat of having or dying from an acute 
myocardial infarction (AMI). Although AMI is the 
most serious coronary disease all around the world, 
background of its beginning and mortality are not 
wholly understood, particularly in Iran. The aim of 
this paper is to explain seasonal admissions to 
hospitals and AMI mortality pattern in elderly 
patients in Isfahan, Iran. 

Materials and Methods 

This study is a prospective hospital-based study that 
was implemented to appraise seasonal patterns of 
hospital admissions and mortality from AMI. The 
study population consisted of patients who had 
suffered their first AMI at the age of 65 or over during 
2002-2007 in 13 private and academic hospitals in the 
city of Isfahan. In this study we used convenience 
sampling. However, given that all patients with acute 
myocardial infarction admitted to the hospital were 
included in the study, and given the fact that data were 
collected from 13 hospitals in Isfahan city, it can be 
inferred that the study population was a good 
representative of the population. The research team 
consisted of a cardiologist, a number of nurses trained 
in receiving and recording patient information, and 
biostatisticians and epidemiologists. Patients with AMI 
were diagnosed by cardiologists at hospitals based on 
the International Classification of Diseases code 
(ICD10). Basic information related to patients was 
collected by trained nurses, who used special forms to 
interview patients or obtained information from their 
hospital records, and then the data was collected in the 
Isfahan Cardiovascular Research Center (ICRC).  

Patients were investigated after admission to 
hospitals, and patients with AMI related to different 
event locations were assigned a specific code 
according to ICD10, these codes were I21.0, I21.1, 

I21.2, I21.3 I21.4, and I21.9, considering 
categorized acute myocardial infarction. 

Monica and the World Health Organization 
protocol defined AMI as a 28-day repeated attack, 
not considered as separate attacks but in fact related 
to the first AMI; however, following the first night 
of the 27th day after the attack it is considered as a 
new attack. Patients who died during the first 28 
days are considered as death due to first AMI. The 
first 28-day follow-up, considered incidence 
symptoms, abnormal electrocardiogram (EKG), or 
abnormal enzymes at first day of onset.13 

After collecting basic information about patients, 
their survival or death during the 28 days after the 
AMI were evaluated. A 28-day follow-up was 
performed for each patient, their survival rate and 
death was also evaluated based on each case. The 
follow-up was started from hospital for the 
hospitalized patients. For discharged patients, 
follow-up was first executed by telephone, but when 
their survival rates were not determined after 3 
telephone calls we went to the patients’ homes. 
When previous efforts in terms of getting 
information about survival rate failed, using the 
organization's registration information and Rizwan 
Garden, we tried to find out if the patient had died; 
we found the cause of death, and exact date and 
location of the burial. 

This study included only patients who were 
living in Isfahan with first AMI. If a patient died 
during the 28 days after the first attack due to 
accident, suicide, homicide, chronic obstructive 
pulmonary disease, cancer, liver cirrhosis, rheumatic 
heart disease, vascular disease, or atherosclerosis 
without mention of any cardiovascular disease they 
were excluded from the study. In addition, if the 
exact date of the occurrence or death from the 
disease was not specified, the patient was excluded 
from the study; because the 28-day duration after 
the attack could not be calculated in these cases.13 
This study was performed on patients aged 65 and 
over, because according to other studies on the 
occurrence of heart disease by season the greatest 
difference was visible in older patients.3,11,12 
Statistical analysis  
In this study, to compare average age between the 
two genders we used Student’s independent t-test, 
and for comparison of the mean age at the time of 
the occurrence of disease and death according to 
different seasons ANOVA test was used. 
Furthermore, for the evaluation of the relationship 
between seasons and the occurrence of and 
mortality due to AMI according to the ICD10 
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(International Classification of Disease) chi-square 
test was used. In addition, in order to assess survival 
according to season the Kaplan-Meier analysis, and 
to compare survival rate the logrank test were used. 
To calculate the hazard ratio of death during the 28 
days of onset acute myocardial infarction Cox 
regression was used, and the category with the 
lowest mortality rate was considered as reference 
group. SPSS for Windows (version 15; SPSS Inc., 
Chicago, IL, USA) was used for data analysis. All 
values of P < 0.05 were considered significant. 

Results 

Overall, 4497 patients with acute myocardial infarction 
were admitted to the hospitals of Isfahan during the 
study period. Among these, 241 patients (152 men and 
89 women) were excluded because their acute 
myocardial infarction type was not determined 
according to the International Classification of 
Diseases ICD10. An additional 180 patients (108 men 
and 72 women) were excluded because outcome was 
unknown. Finally, 86 patients were eliminated because 

of missing information on baseline clinical and 
demographical variables. Therefore, 3990 patients, 
2469 (61.9%) men and 1521 (38.1%) women, 
remained in the study (Table 1). 

In this study, the average age of patients at the time 
of disease occurrence (3990 patients) was 73.39 ± 6.10, 
in men (2469 patients) it was 72.98 ± 5.88 and in 
women (1521 patients) 74 ± 6.38; this difference was 
statically significant (P < 0.001). The average age of 
patients who died during the 28 days after the onset 
(724 deaths) was 75.29 ± 6.6, in men (386 patients) it 
was 74.58 ± 6.32 and in women (338 patients)  
76.11 ± 6.82; this difference was not significant  
(P = 0.446). The average occurrence age of the disease 
at the time of admission to hospitals and mortality of 
disease during the first 28 days after the onset was 
compared based on season; their difference was no 
significant (P = 0.670, and P = 0.853, respectively) 
(Figure 1). The difference between average follow-up 
time for all patients and the death group according to 
season was not significant (P = 0.478, and P = 0.801, 
respectively (Figure 1). 

 
Table 1. Demographic and clinical data of hospitalized myocardial infarction patients 

Variables Alive Death Total 
Sex Male 2083 386 2469 

Female 1183 338 1521 
Age 74-65  2054 336 2390 

84-75  1104 326 1430 
85 years and older 108 62 170 

EKG Abnormal 2606 565 3171 
Possible changes 41 7 48 
Ischemic changes 522 83 605 
Normal 10 1 11 
Arrhythmia 58 37 95 
Lost 29 31 60 

Cardiac enzymes Normal  268 44 312 
Atypical 409 65 474 
Typical 2523 495 3018 
Miss 66 120 186 

Type of acute myocardial 
infarction, according to ICD10 

Acute subendocardial myocardial infarction 388 15 403 
Acute transmural myocardial infarction of other sites 107 8 115 
Acute transmural myocardial infarction of inferior wall 946 138 1084 
Acute transmural myocardial infarction of anterior wall 1105 194 1299 
Acute myocardial infarction, unspecified 679 345 1024 
Acute transmural myocardial infarction of unspecified site 41 24 65 

Hospital Private hospitals 237 65 302 
Public-education hospitals 3029 659 3688 

Occurrence season Spring 875 199 1074 
Summer 749 162 911 
Autumn 793 157 950 
Winter 849 206 1055 

Streptokinase   The group receiving Streptokinase 1517 302 1819 
Group not receiving Streptokinase 1749 422 2171 

EKG: Electrocardiogram; ICD10: International Classification of Diseases code 10 
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Figure 1. Bar error diagram for mean follow up time for death and all  

patients with AMI according to season 
AMI: Acute myocardial infarction; CI: Confidence interval 

In the Evaluation of patients admitted to the 
hospital, the lowest hospital admission for AMI 
was seen during the summer season and highest 
during the spring. They increased 17.8%, 15.8%, 
and 4.2% during the spring, winter, and autumn, 
respectively, more than the summer. Assessment 
of the occurrence of death according to season 
showed that the lowest mortality rates occurred 
during the autumn, the highest percentage was in 
winter; 30.5% in winter, 26% in spring, and 5.1% 
in summer increased compared with autumn. The 
highest survival rate was observed in patients who 

were suffering in autumn and the lowest survival 
was observed in patients who were suffering 
during the winter. However, significant 
differences in survival were not observed in 
different seasons (P = 0.358) (Figure 2 and  
Table 2). 

A statistically significant relationship was 
observed between admission in hospital on the basis 
of season and type of AMI according to ICD10 (P 
< 0.001), and between the occurrence of death 
based on season and type of AMI according to 
ICD10 (P = 0.026) (Table 2). 

 

 
Figure 2. 28 day survival in patients with acute myocardial infarction according to season 
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Assessment of the hazard ratio of mortality 
resulting from acute myocardial infarction 
showed that the lowest mortality was in the 
autumn; to calculate the hazard ratio, this season 
was considered as a basis and the multiple 
regression Cox model was used. We observed 
that the hazard ratio for death from acute 
myocardial infarction were 0.96 CI95% 0.78-1.18 

during spring, 0.9 CI95% 0.73-1.11 during 
summer, and 1.04 CI95% 0.85-1.26 during winter; 
however, for females it was 1.38 CI95% 1.19-1.6, 
and in the 70-74 years age group was 1.29 CI95% 
1.04-1.6, in 75-79 years group 1.77 CI95% 1.43-
2.2, in 80-84 years group 2.2 CI95% 1.73-2.8, and 
for 85 years and higher it was 3.08 CI95%  
2.28-4.16 (Table 3). 

 
Table 2. Survival, hospital admission, and death of acute myocardial infarction according to season  

 Total Spring Summer Autumn Winter P 
Overall patients 3990 1074 911 950 1055 

0.358 

Number of deaths 724 199 162 157 206 

Patients surviving 3266 875 749 793 849 

Survival rate  81.9% 81.5 % 82.2% 83.5% 80.5% 

Survival time (mean ± SD) 24.57 ± 0.136 24.42 ± 0.268 24.53 ± 0.288 24.92 ± 0.266 24.45 ± 0.270 

Type of MI 

Acute transmural 
myocardial infarction 
of anterior wall 

  1299 369 (28.4%) 306 (23.6%) 280 (21.6%) 344 (26.5%) 

0.001 

Acute transmural 
myocardial infarction 
of inferior wall 

  1084 285 (26.3%) 260 (24.0%) 258 (23.8%) 281 (25.9%) 

Acute transmural 
myocardial infarction 
of other sites  

   115 27 (23.5%) 27 (23.5%) 28 (23.8%) 33 (28.7%) 

Acute transmural 
myocardial infarction 
of unspecified sites 

    65 18 (27.7%) 5 (7.7%) 6 (9.2%) 36 (55.4%) 

Acute subendocardial 
myocardial infarction 

   403 96 (23.8%) 91 (22.6%) 117 (29%) 99 (24.6%) 

Acute myocardial 
infarction, unspecified  

  1024 279 (27.2%) 222 (21.7%) 261 (25.5%) 262 (25.6%) 

Death during the 28 days 

Acute transmural 
myocardial infarction 
of anterior wall 

   197 55 (27.9%) 45 (22.8%) 42 (21.3%) 55 (27.9%) 

0.026 

Acute transmural 
myocardial infarction 
of inferior wall 

   138 30 (21.7%) 30 (21.7%) 27 (19.6%) 51 (37.0%) 

Acute transmural 
myocardial infarction 
of other sites   

     8 1 (12.5%) 0 5 (62.5%) 2 (25.0%) 

Acute transmural 
myocardial infarction 
of unspecified sites 

    24 6 (25.0%) 4 (16.7%) 3 (12.5%) 11 (45.8%) 

Acute subendocardial 
myocardial infarction  

    14 4 (28.6%) 6 (42.9%) 0 4 (28.6%) 

Acute myocardial 
infarction, unspecified  

   344 102 (29.7%) 80 (23.3%) 80 (23.3%) 82 (23.8%) 

MI: Myocardial infarction 
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Table 3. Hazard ratio of death from acute myocardial infarction according to age, sex, and 
season of occurrence 

Variable HR 95% CI for HR P 
Autumn R -  - 
Spring 0.96 (0.78-1.18) 0.713 
Summer 0.90 (0.73-1.11) 0.326 
Winter 1.04 (0.85-1.26) 0.677 
Male R - - 
Female 1.38 (1.19-1.60) < 0.001 
65-69 R - - 
70-74 1.29 (1.04-1.60) 0.019 
75-79 1.77 (1.43-2.20) < 0.001 
80-84 2.20 (1.73-2.80) < 0.001 
85 and higher  3.08 (2.28-4.16) < 0.001 

HR: Hazard ratio; CI: Confidence interval 

 

Discussion 

In this study, we observed that the highest rate of 
hospital admission occurred in spring and the 
second highest in winter, and the lowest was in 
summer. The lowest mortality rate was during 
autumn, the highest percentage was in winter. The 
difference between the occurrence of the disease, 
hospital admissions, and deaths in relevance with 
the seasons has been reported in different parts of 
the world.7-10 However, in Iran a study on this topic 
has not been administered with a large sample size. 
In this study, we surveyed 3990 patients with acute 
myocardial infarction during 2002-2007 in private 
and public-education hospitals in the Isfahan city. 
They were included and categorized in accordance 
with the International Classification of Diseases 
ICD10. Identification of particular patterns at the 
time of the beginning of AMI has scientific value, 
because such patterns mean that there are triggers 
peripheral to the atherosclerotic plaque. 

Age is a factor that has a large impact on 
mortality from heart attack; older people are at 
greater risk of mortality from acute myocardial 
infarction. In a study conducted in Japan by Isao 
Kubota et al., it was observed that the average age 
for patients who died 28 days after the occurrence 
of AMI was 76.1 ± 9.4 and for patients that 
survived was 67.6 ± 11.8, and this difference was 
statistically significant.14 Moreover, in a study 
performed by Macintyre et al. on patients who had 
their first acute myocardial infarction and survived 
by hospital admission, the average age was 
compared with the cohort of patients who died 
before reaching hospital. The results maintained 
that dead patients were 7 years older than the 
surviving patients.15 Based on these studies, it can 
be concluded that if the average age of patients 

admitted to hospital differs according to season, 
there if higher probability of death in the season in 
which the average age is higher, parallel mortality is 
higher and vice versa. Consequence probability 
differences in mortality between seasons are a result 
of differences in average age of patients based on 
season. to asses this assumption, the average age of 
patients was compared with season. There were no 
statistically significant differences between the 
average age of patients in the episode and death 
from the disease. In fact, the average age of patients 
at the time of occurrence of disease and death 
during the first 28 days of AMI on the basis of 
season was similar. Gender is one of the important 
factors that influence mortality from AMI; women 
are at a greater risk for mortality from this disease. 
In a study conducted by Herman et al., 28-day 
survival rates in men and women were compared 
with each other; the survival rate was 83.9% in men 
and 76.9% in women. This difference observed 
between the two sexes was statistically significant 
and women had a weaker prognosis than men.16 Of 
course, the lower survival and higher mortality rates 
in women than men were observed in a number of 
other studies.17-26 However, perhaps the difference 
in mortality between seasons is due to the difference 
in percentage of female patients in each season. For 
examination of this theory we identified the 
percentage of occurrence of AMI between seasons 
for each sex. We observed that this percentage for 
females is between 26.5%-27.7%, and in fact the 
almost constant percentage of patients belonged to 
women. On the basis of this result we can express 
that the seasonal variation in the mortality from the 
disease has not been influenced by gender. 

In this study, we observed that the highest rate 
of hospital admission occurred in the spring and the 
second highest rate occurred in winter, and the 
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lowest in summer. Of course, in a number of 
studies the major event occurred in spring. In a 
study conducted by Kriszbacher et al. on 81,956 
patients between 2000 and 2004, the highest 
incidence of disease was observed in spring and 
lowest in summer.8 The results of our study are in 
accordance with this study and other studies 
conducted in different regions of the world.8٫27 
However, in a number of studies, the highest rate of 
hospital admission or the occurrence of disease was 
considered to be during winter.9٫12 In many studies 
the lowest rate of hospital admission occurred 
during summer.12٫27٫28 

The minimum and maximum rate of hospital 
admission for AMI, respectively, was in summer 
and spring. They increased 17.8%, 15.8%, and 4.2% 
during spring, winter, and autumn, respectively, in 
comparison to summer. However, in a study 
conducted by Stewart et al. it was observed that in 
winter hospital admissions, compared with average, 
increased about 15% to 18%. In fact, hospital 
admissions increased in winter compared with other 
seasons.11 

The highest rate of mortality during the first 28 
days in patients with AMI was in winter and spring, 
and the lowest in autumn. In a study conducted by 
Rumana et al., the highest mortality rate of AMI in 
the first 28 days after the occurrence of AMI was in 
winter and the second highest in spring.9 

In the present study, the magnitude of seasonal 
variation was fairly modest. However, the reason 
for seasonal variation of AMI in ICRC is not clear. 
There are no administrative procedures (e.g., 
submission of reporting forms to meet a specific 
deadline at definite times of the year) that would 
create a misleading seasonal variation. We do not 
believe that a simulate, such as ICRC coordinator 
of summer or Nowruz holiday was effective on the 
observed seasonal pattern, because the 
examination was based on the date of AMI onset 
rather than on the dates that the case report forms 
were submitted to ICRC. We think that the most 
logical reason is that the seasonal variation in AMI 
cases of ICRC may, in fact, reveal an increased 
prevalence of AMI onset at certain times of  
the year. 

Some studies found a statistically significant 
relationship between low temperature and mortality 
from acute myocardial infarction.29 A study conduct 
by Larcan et al. in France compared the 
meteorological parameters of the day when the 
infarct occurred with that of the day preceding its 
occurrence. This study concluded that the 

occurrence of myocardium infarct was paralleled to 
a climatic tendency conforming to cold, bad, or 
deteriorating weather.30 Peters et al., in a study, 
concluded that raised concentrations of fine 
particles in the air may transiently elevate the risk of 
MIs within a few hours and 1 day after exposure.31 
Vasconcelos et al., in a study conducted in portugal, 
observed the negative outcome of cold weather 
conditions on acute myocardial infarctions; for 
every degree decrease in PET in winter, there was 
an increase of up to 2.2% (95% CI = 0.9%; 3.3%) in 
day by day hospital admission.32 In the study by 
Sarna et al. atmospheric pressure was found to be 
the meteorological variable with the highest 
correlation with the occurrence of myocardial 
infarction. Rapid decrease in atmospheric pressure 
was also related with increased incidence of acute 
myocardial infarction.28 In a study by Foster et al., a 
significant relationship was found between influenza 
and acute myocardial infarction, whereas this 
correlation was not seen in stroke.33 

Furthermore, Ulmer et al. found that cholesterol, 
blood pressure, and body mass index vary according 
to season and were also significantly higher during 
winter in comparison to other seasons, and this 
finding was observed in all age groups and both 
sexes.34 However, different explanations exist for 
the observed variation in hospital admission and 
mortality from AMI in different parts of the world. 
Ornato et al., in their study concluding from other 
studies in this scope, explicated that numerous ideas 
have been offered to make clear an increased 
prevalence of AMI or its complications in the 
winter and cold season.29 Weather or a quick 
conversion in the climate can increase arterial blood 
pressure, blood viscosity, arterial spasm, plasma 
fibrinogen and factor VII, and serum cholesterol 
levels (by 2% to 3%), platelet, and red blood cell 
counts. Exposure to cold weather has also 
important hemodynamic effects, including an 
increase in systemic vascular resistance, myocardial 
oxygen intake, and body metabolic rate. 
Contemporary infections, particularly those 
involving the respiratory band, during the winter 
months have also been claimed as a trigger for 
mortality due to acute cardiovascular. Other 
mechanisms that have been proposed to describe 
the increase in cardiovascular events during cold 
weather include seasonal variation in bodily activity, 
food, weight, and worry and stress during the 
holiday season and seasonal variety in the secretion 
of physiologically active substances similar to those 
that trigger seasonal depression. The other 
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possibility is that the seasonal pattern could be 
payable to a summer decline in events relative to 
other times of the year.29 

This article was extracted from a research 
project with the title “Evaluation of 28-day survival 
and predictors of survival in patients with acute 
myocardial infarction in Isfahan” that was done 
with the cooperation and support of the Isfahan 
Cardiovascular Research Center with the approved 
code of 84130 in 2011. 
Limitations 
In this study, other groups of patients were not 
included in the study, such as MI cases that were 
managed at home or in health cores. This figure 
might be very small, because MI event is considered 
as an emergency in the health care system in Iran 
and all hospitals must admit such patients 
irrespective of their insurance status. In the Danish 
MONICA population this amount was measured to 
be less than 1% of the entire MI cases in a year. 
Another problem that can be expressed in this study 
is that patients who died before reaching the 
hospital or patients who failed to receive medical 
care due to their lack of access to information were 
not considered. 

Conclusion 

The results presented indicate that there is a 
classical seasonal pattern with increased admissions 
during spring and winter, and the lowest rate in 
summer. The highest mortality rate was observed in 
winter and the lowest in autumn, although these 
differences were not significant. There are seasonal 
variations in hospital admission and mortality due to 
AMI; however, after adjusting the model only 
gender and age were significant predictor factors. 

This paper was extracted from the MSc theses of 
Abdolah Mohammadian Hafshejane in Epidemiology 
from Tehran Medical University that was conducted 
in the Isfahan Cardiovascular Research Center 
(ICRC) of the Isfahan Medical University. 
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Safety of herbal medicine in treatment of weight loss 
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Abstract 
BACKGROUND: Obesity is a common health problem in both developed and developing 
countries. There are many unconventional therapies, including herbal medicine, to treat this 
condition. Some people believe that herbal medicines are safe. This case and review is about 
adverse complication of treating obesity with some herbal medicine. 

CASE REPORT: A 19 year old male with sever obesity (120 kg) used green tea (15 cups of green 
tea per day) and an intensive dietary regimen to lose weight. He lost 30 kg after 2 months. At 
that time, one day after usual exercise he suddenly lost consciousness due to left ventricular 
fibrillation. 

CONCLUSION: Use of herbal medicine for weight reduction is not always safe. Moreover, for 
some herbal medicine the risk is sufficient to shift the risk–benefit balance against the use that 
medicine. 
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Introduction 

Obesity remains a global health problem.1 When 
conventional medicine fails to treat conditions such 
as obesity, many people seek unconventional 
therapies, including herbal medicine, thinking they 
have no adverse events. This article is a case report 
about use of green tea and severe dietary restriction 
to treat obesity that leads to ventricular fibrillation 
and cardiac arrest. 

Case Report 

The case reported in this essay is an aborted sudden 
cardiac death due to intensive dietary regimen and 
green tea. A 19 year old male was admitted to 
Alzahra Hospital of Isfahan University of Medical 
Sciences in an unconscious state. He had been 
rejected in an employment exam because of sever 
obesity 3 months earlier (weight = 120 kg). At that 
time he had begun an intense dietary regimen.  

The dietary regimen consisted of 15 cups of 

green tea and 10 spoons of rice daily. After 2 
months his weight was reduced to 90 kg and he was 
employed in the police force. His training course 
began, 14 days later, 1 hour after daily exercise he 
suddenly lost consciousness and his pulse was not 
palpable. Cardiopulmonary resuscitation was begun 
and he was transferred to the nearest hospital, 
where ventricular fibrillation was detected by 
electrocardiography and his heart was defibrillated, 
the rhythm changed to sinus rhythm and the patient 
was stabilized. Then, 5 hours later, he had an attack 
of tonic-clonic seizure which was controlled by 
midazolam. The patient was transferred to intensive 
care unit (ICU) of Alzahra Hospital, and cardiology 
and neurological consultations were done.  
In primary evaluation brain computed tomography 
(CT) scan was normal and no space-occupying 
lesion was detected. In echocardiography, ejection 
fraction (EF) was 25%, global hypokinesia was seen in 
electrocardiogram (ECG), and the QT interval was 
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 prolonged with no ST and T changes.   
Blood chemistry revealed the fallowing data: 

creatinine = 1.4; sodium = 143; potassium = 3.4; 
calcium = 8.8; magnesium = 1.1; white blood  
cell = 10100; hemoglobin = 12; platelets = 240000;  
aspartate aminotransferase (AST) = 251; alanine 
aminotransferase (ALT) = 203; lactic 
dehydrogenase (LDH) = 840; and troponin  
I = 0.1. 

Infusion of magnesium sulfate was begun  
(8g/day) and continued for the fallowing 5 days. 

In the first 5 days, he had episodes of tonic 
colonic seizures that were controlled by diazepam, 
levotyrosetam, and levodopa. On the 5th day serum 
magnesium level reached 2.1 mg/dl; therefore, 
magnesium infusion was replaced by oral 
magnesium 800 mg/day. At this time the patient 
was stabilized, serum electrolyte were corrected, 
and the seizures were controlled, but the patient 
was still unconscious [Glasgow Coma Scale  
(GCS) = 7]. On the 7th day echocardiography was 
repeated. EF was 55% with no wall motion 
abnormality. After 2 weeks the patient’s GCS had 
not changed; therefore, cerebrolysin infusion 50 
cc/day was initiated and continued until the 15th 
day, when the patient’s level of consciousness was 
increased. On the 4th week the patient was in a 
vegetation state. 

Discussion 

In MEDLINE database search we could find only 
one case report about severe dietary regimen and 
weight reduction that leads to sudden cardiac death, 
this case was a 16-year-old girl who had sudden 
cardiorespiratory arrest at school. She had attempted 
weight loss using a low-carbohydrate/high-protein, 
calorie-restricted dietary regimen.2  

In our patient, sever dietary regimen was 
simultaneous with the use of a large amount of 
green tea, a herbal remedy that is relatively safe for 
weight loss and also for the heart.3,4 

In this case, two mechanisms could be proposed 
as the cause of long QT interval and ventricular 
fibrillation. First, severe diet caused magnesium 
deficiency that induced prolonged QT interval and 
increased the risk of ventricular arrhythmia. Second, 
the green tea that was used by this patient may have 
been mixed with other herbal substances that 
contained synephrine; this adrenergic component of 
drug increases sympathetic stimulation, which 
together with magnesium deficiency could have 
caused ventricular arrhythmia. 

It must be considered that the patient had used a 
large amount of green tea that may have caused 
significant sympathetic stimulation enough to 
induce cardiac arrhythmia. 
Green tea 
Green tea is brewed from the unfermented dried 
leaves of the plant camellia sinensis.5 Like other 
natural products, the leaves of this plant contain an 
array of phytochemicals that vary in concentration 
by the harvest season, age of the plant, climate, 
environmental conditions, and processing 
conditions.5-7 

Early mechanistic work suggested that green tea 
may increase energy expenditure. The relationship 
between green tea and caffeine or other substances, 
and thermogenesis is, at present, unclear.3,7 Other 
possible anti-obesity mechanisms include increased 
fat oxidation, decreased appetite, and disrupted 
nutrient absorption.8,9  

Green tea may be an innovative therapeutic 
candidate to prevent the occurrence, maintenance, 
and recurrence of atrial fibrillation. On the other 
hand, inhibition of inflammation, modulation of 
oxidative stress, targeting tissue fibrosis, and 
favorable effects on cardiac function and 
arrhythmias are mechanisms of green tea.4,8 

Borchardt and Huber provided evidence that 
green tea inhibits catechol O-methyltransferase 
(COMT), the enzyme that degrades norepinephrine 
(NE), thus prolonging the action of sympathetically-
released NE in the synaptic cleft.9 It must be 
considered that consumption of a large amount of 
green tea may have a significant effect on 
sympathetic activity.10 There is no report about the 
adverse effect of green tea on cardiac function and 
rhythm. Several reports have been published in the 
medical literature describing patients presenting with 
marked liver toxicity in the form of acute hepatitis 
attributable to the consumption of supplements 
containing green tea extracts. The reported toxicity of 
green tea extract, although sporadic, was deemed 
important enough that both French and Spanish 
authorities had the green tea extract Exolise removed 
from their markets in 2003.11-18 
Synephrine 
Synephrine is 'the active component' of plants and 
dietary supplements used in weight loss. Synephrine 
acts on several adrenergic and serotonergic receptors 
and its activity on trace-amine-associated receptors 
has long been discussed.19,20 Adverse cardiac events, 
including hypertension, tachyarrhythmia, variant 
angina, cardiac arrest, QT prolongation, ventricular 
fibrillation, myocardial infarction, and sudden death, 
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have been the most common adverse effects 
associated with synephrine intake.21,22 

Hydroxycut 
Hydroxycut is a multicomponent herbal, dietary 
weight loss supplement devoid of sympathomimetic 
amines. There is a case report of an obese 63-year-old 
Caucasian female with a 2-day history of symptomatic 
paroxysmal atrial fibrillation (AF) with rapid 
ventricular response following a 2-week course of 
therapy with hydroxycut. Epigallocatechin (EGCG), a 
principal ingredient in the hydroxycut preparation is 
the suspected causative component. Given the serious 
risks associated with AF, patients at risk of developing 
AF should avoid dietary supplements containing 
EGCG until more information on the adverse effects 
of EGCG is known.22 
Ephedra plus caffeine 
Multicomponent dietary supplement containing 
ephedra and caffeine (DSEC) was widely used for 
weight loss and energy enhancement. There are 
reports of intractable ventricular fibrillation caused 
by this drug.23 The Food and Drug Administration 
(FDA) banned the sale of DSEC in 2004, because 
of side effects such as cardiotoxicity.15 The direct 
cardiotoxicity of ephedra, synergistic effect of 
caffeine and ephedra, and hypokalemia may cause 
refractory ventricular arrhythmia.11,23  
Ephedra sinica  
Based on 50 randomized and non-randomized 
trials, the most rigorous safety assessment to date 
concludes that herbal ephedra and ephedrine-
containing food supplements are associated with an 
increased risk of heart palpitation, and psychiatric, 
autonomic, and gastrointestinal adverse events.24 

For herbal ephedra and ephedrine-containing 
food supplements an increased risk of psychiatric, 
autonomic or gastrointestinal adverse events and 
heart palpitations has been reported.11-18  

Paullinia cupana 
Guarana is prepared from the seeds of Paullinia 
cupana and is indigenous to the Amazon basin.25 
Guarana contains relatively large amounts of 
caffeine and is reported to increase the speed of 
gastric emptying. A number of adverse events are 
reported with use of guarana, such as irritability, 
heart palpitations, anxiety, and other central nervous 
system events.26 
Pausinystalia yohimbe 
Yohimbe (Pausinystalia yohimbe) is a tall evergreen 
tree, which is native to Central Africa. Yohimbine, an 
alpha-2 receptor antagonist, is the main active 
constituent of the ground bark of Pausinystalia 
yohimbe. The adverse events reported with the use 

of yohimbine are well documented and include 
hypertension, anxiety, and agitation.27 For an herbal 
preparation of yohimbe, one case report of severe 
acute headache and hypertension is reported.27 

Conclusion  

Severe and rapid weight loss is not safe and herbal 
drugs that are used for weight loss may directly or 
indirectly induce dangerous and fatal conditions for 
overweight patients. Some articles reported risks 
that were sufficient to shift the risk-benefit balance 
against the use of most of the reviewed herbal 
weight-loss supplements. 
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Atrioventricular block as the initial presentation of calcified bicuspid aortic valve 

Reza Karbasi-Afshar(1), Nematollah Jonaidi-Jafari(2), Amin Saburi(3), Arezoo Khosravi(4) 
 

Abstract 
BACKGROUND: Bicuspid aortic valve (BAV) is one of the most common and important 
congenital heart disorders in adults. If a patient with congenital disorders is not diagnosed early, 
the patient’s disease may progress to a severe condition and thus diagnosis of the main disorder 
will be rendered difficult. 

CASE REPORT: A 34 year-old male patient referred to a referral medical care unit for cardiac 
electrophysiological study with cardiac shock due to complete heart block 3 months ago and he 
underwent Dual-Chamber permanent pacemaker (PPM) implantation. Thick and calcified 
bicuspid AV with invasion to interventricular septum, moderate to severe valve insufficiency 
(AI), severe aortic valve stenosis (AS), and dilated ascending aorta were observed at his 
echocardiography. Aortic valve replacement (AVR), aneurysm of ascending aorta, root 
replacement with tube graft (Bentall Procedure), and also a 3 chambers intracardiac 
defibrillator (ICD) were used. After 2 weeks of operation, he was discharged and at the first 
post-hospitalization visit (1 week later), his cardiovascular condition was acceptable. 

CONCLUSION: Thick calcified aortic root is a less studied and potential contributing risk factor 
for AV block after AVR. Therefore, in candidates of aortic valve replacement, considering 
conductive disorders, especially in patients with calcified valve, is mandatory. Irreversible AV 
block requiring PPM implantation is a rare condition following AVR. 
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Introduction 

Bicuspid aortic valve (BAV) is one of the most 
common and important congenital heart disorders 
in adults.1 BAV can occur along with other co-
morbid heart abnormalities which are secondary to 
BAV and make its diagnosis easier due to further 
cardiac assessment.2 Aortic valve stenosis (AS), 
aortic valve insufficiency (AI), aortic valve 
calcification, and aneurysm of aorta (AA) can 
complicate BAV and can induce patients 
symptomatic especially with aging. Moreover, they 
can raise the mortality rate of BAV and also BAV 
repairing process.1,3,4 BAV as a congenital disorder 
is diagnosed at childhood, but it is rarely reported at 
old age. Moreover, with ageing aortic root or 
ascending aorta disorders may complicate BAV.5 
Therefore, when a patient with congenital disorders 

is not diagnosed early, the patient’s disease may 
progress to a severe condition, making it difficult to 
diagnose the main disorder. We would like to report 
an adult case of calcified BAV presented initially 
with atrioventricular (AV) block. 

Case Report 

This case was a 34 year-old male patient referred 
to our medical care center (Baqiyatallah Hospital, a 
referral medical care unit for cardiac electrophysio-
logical study) with cardiac shock due to complete 
heart block [Echocardiography (ECG) findings: 
pace rhythm (Figure 1)]. He had a history of AV 
block (ventricular rate: 30, atrial rate: 60) 3 months 
prior to referral and he had undergone dual-
Chamber permanent pacemaker (PPM) 
implantation. At echocardiography, which is 
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shown in figure 2, he had severe left ventricular 
enlargement, less than 30% ejection fraction, 
normal right ventricular size with mild 
dysfunction, mild to moderate mitral valve 

regurgitation (2+), thick and calcified bicuspid AV 
with invasion to interventricular septum (with area 
of 1.4*1 cm), moderate to severe AI, severe AS, 
and dilated ascending aorta (aneurysm = 5 mm).  

 

 

  
Figure 1. Electrocardiography study at admission (pace rhythm) 



 

 
 

www.mui.ac.ir 14 Jan  

 Karbasi-Afshar, et al. 

 ARYA Atheroscler 2014; Volume 10, Issue 1       61 

 
Figure 2. Echocardiography findings at admission 
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Figure 2. Echocardiography findings at admission (Continue) 

 

The aortic valve properties in echocardiography 
included aortic valve velocity-time integral (AV 
VTI) = 120 cm, left ventricular outflow tract 
velocity-time integral (LVOT VTI) = 11 cm, aortic 

valve pressure gradient (AVPG) = 78 mmHg, aortic 
valve mean gradient (AVMG) = 50 mmHg,  
Anulus = 2.6 cm, valsalva sinus = 4.2 cm, and 
ascending aorta = 5.0 cm. After admitting the 



 

 
 

www.mui.ac.ir 14 Jan  

 Karbasi-Afshar, et al. 

 ARYA Atheroscler 2014; Volume 10, Issue 1       63 

patient to intensive care unit and stabilizing his 
general medical condition, the patient was referred 
to a cardiac surgeon for aortic valve replacement 
(AVR), replacement of ascending aorta, and root 
aneurysm with tube graft (Bentall procedure) which is 
a standard procedure in such cases.6 Furthermore, a 3 
chambers intra-cardiac defibrillator (ICD) was used for 
him. After 2 weeks of operation, he was discharged 
and at the first post-hospitalization visit (one week 
later), his cardiovascular condition was acceptable; 
there was no considerable dysfunction in implanted 
valve and pacemaker. 

 
Discussion 

There are many reports about the rare presentation 
of congenital aortic valve abnormalities. In 1978, 
Edwards et al. report 11 (9%) cases of BAV among 
119 cases of fatal dissecting aneurysm of the aorta.7 
They concluded that: “Compared to an estimated 
incidence of bicuspid aortic valve of about 1 to 2% in 
the population, the high incidence among subjects 
with dissecting aneurysm suggests a causative 
relationship between BAV and aortic dissecting 
aneurysm.”7 Moreover, they stated that the most 
common background among patients with fatal 
dissecting aneurysm of the aorta and BAV is 
hypertension (73%), but our case neither 
hypertension nor dissection of aorta.7 In one of the 
oldest reports (1953), Gore found a 24% incidence of 
BAV among 38 cases of dissecting aneurysm of the 
aorta.8 Regarding previous reports, it seems that BAV 
is an associated congenital abnormality among 
patients with dissecting or aneurismal lesion of the 
aorta. Suzuki et al. reported a 52-year-old man with 
aortic valve stenosis and calcification complicated 
with complete AV block.9 They concluded that the 
cause of complete AV block was a considerable 
progressive calcification involving the conduction 
system. In addition, they recommended that “the 
generator implantation be performed in the several 
days after the operation because of destruction of the 
pacemaker function by counter shock for arrhythmia 
in the early post-operative period”.9 The function of 
the pacemaker in our cases was followed after 
surgery and it was rearranged before discharge.  

Some congenital disorders such as Marfan’s 
syndrome can be associated with these two cardiac 
disorders (BAV and aneurismal lesion of the aorta), 
but it is not permanently constant such our reported 
case.7 On the other hand, the higher incidence of AV 
block as a conductive abnormality is associated with 
aortic valvular stenosis and regurgitation.10 In these 
cases with BAV, infectious endocarditis is more 

frequent than a normal valve, but in our case there is 
no evidence for endocarditis.11 Thick calcified aortic 
root is a less studied and is a potential contributing 
risk factor for AV block after AVR.10 Therefore, in 
candidates of aortic valve replacement considering 
conductive disorders, especially in patients with 
calcified valve, is mandatory. Irreversible AV block 
requiring PPM implantation is a rare condition 
following AVR, but in some cases, such as our 
reported case, AV block can be an initial presentation 
of disorders of the aortic valve.12 Moreover, due to 
aortic root abnormalities, such as dissection and 
aneurysm, which was frequently reported in these 
cases, more accurate diagnostic methods such as 
computed tomography (CT) angiography is 
suggested before further interventions.13 
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The concept of Maslow's pyramid for cardiovascular health and its impact on 
“change cycle” 

Mohaddeseh Behjati(1) 
 

Abstract 
Since the leading cause of morbidity and mortality is cardiovascular diseases, every individual 
should think regularly about possessing and maintaining cardiovascular health. In reality, this 
self-processing is delayed until the occurrence of complications related to cardiovascular 
inefficiency manifested as chest pain and/or dyspnea. However, people should be trained to 
think about their cardiovascular health issues as a vital need from early childhood. This goal is 
achievable by understanding it as a "true human derive" and its consecutive "behaviors". Most 
people are unaware of their real needs, and even if they know all of their cardiovascular needs, 
this knowledge is not projected in their behaviors. In the present paper, I try to outline the 
Herzberg two-factor hypothesis and Maslow's hierarchy of needs. 
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Introduction 

“Do not only add years to life but also life to 
years”.1 For this goal, since the most common cause 
of morbidity and mortality are cardiovascular 
diseases, each person should think regularly about 
possessing and maintaining cardiovascular health.2 
This self-processing should not be delayed until the 
occurrence of complications related to 
cardiovascular inefficiency such as chest pain. But 
how can people be trained to think about 
cardiovascular health issues from early childhood as 
one vital need? The answer is embedded in 
understanding it as a "true human derive" and its 
consecutive "behaviors". Based on Sigmund Freud's 
belief, people are most often unaware of their real 
needs. Even if people know all of their 
cardiovascular needs, they differ in their behaviors 
in this regard.  

In fact, each behavior is a hierarchy of activities. 
In each social system, ability and incents are 
fundamental keys in the determination of 
appropriate functioning communication. In this 
way, actions, interactions, and incents are tightly 
inter-related. By the strengthening or weakening of 
one factor, other factors will be terribly affected. 
Stronger incents mean tighter interactions. This 
chain moves toward accomplishment of a balanced 

state through a spiraling process. In this case, 
cardiovascular system is a highly social one through 
the presence of delicate interactions between bone-
marrow stem cells, endothelial progenitor cells, 
endothelial cells, platelets, immune cells, fibroblasts, 
and other cells. By the dysfunction of one, the basis 
is prepared for loss of cardiovascular safety and 
health. The goal of the present essay is to link 
Maslow's pyramid for cardiovascular health with its 
impacts on the “change cycle”. 

Discussion 

According to the motivators-hygiene hypothesis or 
the two-factor hypothesis by Fredrick Herzberg 
(1959s), the correct function of a system depends 
on two factors, hygiene factors and motivators.3,4 
The hygiene factors are related to principal key 
features which are not directly involved in 
efficiency, but only prevent complications related to 
reduced functional capacity by facilitating correct 
functioning. These factors describe environmental 
variables.5 Unsatisfying hygiene factors may lead to 
reduced functional capacity, but by recovery of 
suitable conditions the production power will be 
refreshed. In the cardiovascular system, these 
factors can be interpreted as the present milieu, on 
which cardiovascular cells are embarked. In normal 

Short Communication 



 

 
 

www.mui.ac.ir 14 Jan  

 Maslow's pyramid for cardiovascular health 

66      ARYA Atheroscler 2014; Volume 10, Issue 1 

milieu, the cardiovascular system works in its 
optimal efficiency and, vice versa, a healthy 
cardiovascular system is involved in the 
maintenance of a healthy milieu. Diseased vessels 
impose a great threat on the health of the whole 
cardiovascular system through creation of an 
unhealthy milieu, which describes the impact of 
"peer pressure" both in cardiovascular system health 
and disease states. Motivators ensure better 
functioning. In this case, presence of motivators at 
the appropriate stage of life will guarantee "the 
sense of" having a healthy cardiovascular system. 
People differ with respect to their motives, the 
backbone of behaviors. Motives are the reason for 
the initiation and maintenance of behavioral traits 
and determine the total direction of behaviors. In 
healthy persons with affected relatives, these 
motivators act strongly, but with the passing of time 
these factors may fade gradually if they feel safe. 
This is because people usually act according to their 
perceptions, not reality. Thus, motivators need 
regular reinforcement. In diseased persons, 
motivators are stronger because the drive is 
stronger. Learnt behaviors become persistent if the 
success rate of mitigating chest pain or other 
complications of an unhealthy cardiovascular 
system is higher than failure rate; because patients 
gain positive attitudes and motives. However, 
motivators may gradually fade if the patient feels 
unsuccessful in the recovery of health after enough 
attempts. Often, a brief or single episode of failure 
will not result in loss of the motivated state. The 
force of satisfied or hinted motives will decrease 
over time and more essential derives replace them. 
Therefore, a person with a healthy cardiovascular 
system or even a person with full recovery after a 
cardiovascular event seeks to reply to their 
dominant needs. By contrast, persons with an 
unhealthy cardiovascular system try to eliminate the 
involved situation, but their attempts may be 
unsuccessful. In order to overcome the tension 
induced by failure, this patient will search for a new 
way through trial and error. In this case, the patient 
may develop coping behaviors. On the other hand, 
the patient may replace their aims to satisfy their 
needs. Further failure may lead to cognitive 
dissonance, which means disproportional feelings. 
This increases tension, and by ongoing failure the 
patient reaches a state of frustration. The following 
states, as defense mechanisms, might be 
rationalization, fixation, and resignation.  

Therefore, for regular monitoring of 
cardiovascular health, everybody should regularly 

assess his/her own cardiovascular hygiene factors 
and motivators. Herzberg's cosmopolitan 
hypothesis is completely expandable to 
cardiovascular universe, but ignorance of 
cardiovascular health by most healthy cases is un-
interpretable by this theory. The difference between 
behaviors of healthy and diseased cases is "priority 
of needs" which is interpretable by Maslow's 
pyramid of needs. Maslow refers to needs and 
motivations but Herzberg discusses aims and 
stimulators which satisfy these needs. Hierarchically, 
deficiency or D-needs (physiologic, safety, 
belonging/love/social, and esteem) and self-
actualization needs form a pyramid in staged levels.6 
For patients with an impaired cardiovascular health 
state, the first level of the cardiovascular pyramid is 
economic issues. Patients should be able to pay for 
pills and physician-advised interventions, surgery, 
and rehabilitation sessions. Patients, especially elder 
ones, with intractable symptoms, like very low 
threshold angina or cases with end-stage heart 
failure, are in an emotionally delicate state. Indeed, 
chronicity of disease can be very tiresome for family 
and friends. Thus, family and social support will be 
the second level of the pyramid. Availability of 
automated defibrillators at public places is a kind of 
social support. Patients with cardiovascular disease, 
especially cases affected at early stages of life as 
complex congenital heart diseases, peripartum 
cardiomyopathy, dilated cardiomyopathy, and 
etcetera, may find difficulties in meeting the need 
for belonging and love. Esteem refers to the way 
patients see themselves. Depression is a great threat 
for patients, especially if the diseased state has 
caused great limitations in their life activities. 
Finally, a patient with a severely damaged 
cardiovascular health state and with decreased 
quality of life (such as cases who experience chest 
pain with small activities or device dependent heart 
failure patients), will not experience the self-
actualization state. However, this stage could be 
interpreted as seeking optimal self-care, self-
management, and adherence. This stage is 
achievable after meeting D-needs. In a healthy 
person, with or without risk factors, this pyramid 
differs which is depicted in figure 1. In this case, 
availability of a healthy diet and sufficient rest and 
recovery are the first level. Then, the evaluation of 
the cardiovascular health state of the safe case is 
necessary. If risk factors such as smoking, unhealthy 
diet, over weight and obesity, stressful life style, 
physical inactivity, strong family history, metabolic 
problems, lipid disorders, and other risk factors are 
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found, the next level is the modification of risk 
factors and therapeutic life style changes. This will 
progress to cardiovascular enhancement through 
appropriate cardiovascular exercise. Based on the 
overload principal, this cardiovascular training 
should be strong enough (not very weak, but not 
very strong) to exert strengthening pressure on the 
cardiovascular system.7 Finally, these hierarchies of 
cardiovascular needs constitute the first level of 
Maslow's hierarchy of needs (physiologic or biologic 
needs). This means the presence of a pyramid inside 
a bigger pyramid. However, it should be noted that 

some persons may decide to sacrifice one level for 
another level. The cardiovascular health pyramid 
may be sacrificed in order to climb the pyramid to 
esteem or self-actualization levels of Maslow's 
hierarchy of needs. Indeed, people in various 
geographic locations differ regarding their belonging 
to levels. In developed countries, most people are at 
the top of the pyramid, but in under-developed 
countries people are usually in the stage of finding a 
healthy diet for the cardiovascular system. 
Developing countries pass the stage between these 
extremities of the pyramid.  

 

 
Figure 1. Maslow's pyramid and "change cycle" for cardiovascular health in healthy person with or without  

risk factors 



 
 Maslow's pyramid for cardiovascular health 

 

 

 
www.mui.ac.ir 14 Jan  

68      ARYA Atheroscler 2014; Volume 10, Issue 1 

In this need-oriented approach, stronger needs 
determine behaviors, but the person may feel cyclic 
variations in needs. As long as behaviors are 
enforced, they find a strong typical pattern and are 
hard to change. Thus, ignorance of cardiovascular 
health and its requirements becomes a permanently 
set behavior for most people. Promotion of 
cardiovascular health is not a phenomenon related 
to one specific stage of life. Since cardiovascular 
diseases most often affect elderly people, behavioral 
changes in this population are only possible in 
suitable conditions and after a prolonged time, 
which is not cost-benefit. Behavioral training should 
be started at early stages of life. Earlier and striking 
inputs produce bigger feedback loops with more 
prominent behaviors. In this regard, expectancy and 
availability are two factors which affect need power. 
Expectancy is based on the person's experiences in 
the past or present. A healthy person with strong 
family history for cardiovascular diseases has strong 
expectancy for infliction by cardiovascular diseases. 
This expectancy imposes upon his/her behaviors 
vastly. Stronger expectancy is parallel with stronger 
motives. This is true for cases with other diseases 
which affect the cardiovascular system such as 
diabetes mellitus, hyperlipidemia, 
hyperhomocysteinemia, and etcetera. However, this 
environmental factor always affects expectancy. For 
a patient with orthopedic problems or restricted 
physical activities, the routine walking advice is not 
applicable, and in other terms it would be 
"unavailable". Other examples are economic 
problems with inability to afford the costs for 
cardiovascular pills and/or percutaneous 
cardiovascular or surgical interventions. Thus, 
behavioral activities can be divided into goal-
oriented activities and goal activities. Their 
difference is regarding to their different impact on 
needs. The former lasts longer, but it should be 
noted that in cardiovascular system health some 
goals are unachievable. Physicians should make it 
clear to patients that in some instances, such as 
patients with impaired left ventricular function, 
achievement of complete recovery is impossible.  

Diseased patients first feel the need to change. 
Cardiologists play an important role in the change 
process. Physicians should be familiar with the 
“change cycle”. By self-insight, changes made by the 
participative “change cycle” last longer at the 
expense of the long time labored for them. Changes 
made by coerced “change cycles” are developed 
rapidly, but last shorter. Thus, for effective 
prevention, group-based changes are preferred. It is 

true that all fellow-sufferers want to be in the same 
boat. In behavioral approach, unfreezed traits are 
controlled by outputs. Newly developed behaviors 
should be enforced for fixation and refreezing to 
prevent extinction. For vascular enrichment, 
cardiologists should be involved in the behavioral 
enforcement cycle. Reinforcement strengthens 
discriminated operant behaviors in order to increase 
their resistance to disruption and extinction.8 The 
most permanent behaviors are made by initial 
continuous enforcement followed by intermittent 
enforcement. Life style modification behaviors need 
strong enforcement, since extinction rate is high 
especially in environments with counter attitudes. 
Continuous enforcement is parallel with the rapid 
rate of induction and rapid fading, but intermittent 
enforcement is associated with both slower 
induction and extinction rate due to internalization. 
For risk factor modification, such as smoking 
cessation, stress management, and ongoing physical 
activities, physicians should be involved in 
preventive measures in the way that patients apply 
internalization as an adaptive response. In families 
with great attention to cardiovascular health 
promotion, due to great knowledge or due to an 
affected case, family members may adopt 
identification adaptive response. In these families, 
children adopt healthy behaviors earlier in life which 
means stronger commitment to these behaviors.  

Therefore, for training a society for the adoption 
of healthy cardiovascular behaviors and a successful 
“change cycle”, physicians should pay great 
attention to needs, motives, and behaviors. 
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