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Abstract

BACKGROUND: We performed this study to evaluate the possible synergism between
hypertension and other conventional risk factors of coronary artery disease (CAD) on an
angiographic severity of coronary atherosclerosis.

METHODS: A cross-sectional study was conducted on 10502 consecutive patients who
underwent coronary angiography in the cardiac catheterization laboratory of Tehran Heart
Center Hospital (Tehran University of Medical Sciences, Iran), and their conventional risk
factors including male gender, hypertension, diabetes mellitus (DM), dyslipidemia, smoking,
and family history of premature CAD were recorded. The severity of coronary atherosclerosis
evaluated by calculation of Gensini’s score.

RESULTS: All aforementioned conventional risk factors of CAD were independently associated
with severity of CAD. Multivariate linear regression analysis demonstrated that hypertension
had synergistic effect with male gender [Excess Gensini’s score: 5.93, 95% confidence interval
(CD: 2.72-9.15, P < 0.001] and also with DM (Excess Gensini’s score: 3.99, 95% CI: 0.30-7.69,
P = 0.034) on severity of CAD. No interaction was observed between hypertension and smoking,
dyslipidemia and also with a family history of CAD.

CONCLUSION: Hypertension has a synergistic effect with DM and male gender on the severity of
CAD. These findings imply that more effective screening and treatment strategies should be
considered for early diagnosis and tight control of hypertension in male and diabetic people for

prevention of advanced CAD.
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Introduction
Cardiovascular disease (CVD) has emerged as a
global epidemic and is currently the major cause of
death and disability worldwide.!> About 83% of
CVD mortality and 86.0% of CVD disability-
adjusted life years took place in low-and middle-
income countries.> In parallel with the escalating
number of developing countries undergoing the
epidemiologic transition (shifting from infectious
diseases to chronic diseases) and demographic
transition (aging of population),>* the burden of
CVD will undoubtedly continue to increase in
coming years. Middle Eastern countries are of
special concern in this context, because in the next
two decades they will face the greatest increment in

the absolute burden of CVD in the world.5¢ Hence,
determining the main risk factors of CVD in these
countries might have pivotal role in more
comprehensive  and  targeted planning  for
prevention of CVD.

Data from the reduction of atherothrombosis for
continued health registry shows that hypertension is
the most common risk factor of coronary artery
disease (CAD) all over the world which is present in
80.3% of patients.” Besides, Isfahan cohort study, Iran,
demonstrated that among conventional risk factors of
CAD including diabetes mellitus (DM), smoking,
dyslipidemia and hypertension; the presence of
hypertension imposes the highest risk for developing
CAD in developing countries.®

1- Resident, Department of Cardiology, School of Medicine, Tehran Heart Center, Tehran University of Medical Sciences, Tehran, Iran
2- Associate Professor, Department of Cardiology, School of Medicine, Tehran Heart Center, Tehran University of Medical Sciences,

Tehran, Iran

3- Reseatcher, Tehran Heart Center, Tehran University of Medical Sciences, Tehran, Iran
4- Student of Medicine, School of Medicine, Tehran Heart Center, Tehran University of Medical Sciences, Tehran, Iran
Cotrespondence to: Ali Vasheghani-Farahani, Email: avasheghani@sina.tums.ac.ir

WWW.mui.ac.ir

317

ARYA Atheroscler 2015; Volume 11; Issue 6

15 Nov



Synergism of hypertension w DM & gende

There is evidence that some of conventional risk
factors of CAD have the synergistic effect on the
presence of CAD.%10 However, possible interaction
between risk factors of CAD on its severity has
received little attention. Identifying such potential
interactions between risk factors of CAD might lead
to more timely and effective preventive
interventions in special populations, who have these
risk factors concurrently. With this in mind, we
performed this study to evaluate the possible
interaction between hypertension and other
conventional risk factors of CAD on the
angiographic severity of coronary atherosclerosis.

Materials and Methods

This study was a cross-sectional study detrived from
the Tehran Heart Center hospital’s cardiac
catheterization registry, Iran. Tehran Heart Center is
a tertiary care cardiovascular center affiliated to
Tehran University of Medical Sciences. Daily
prospective data collection is performed on all
patients undergoing cardiac catheterization by
trained research staff, and the validity of the entered
data is checked by periodical rechecking of the 5%
of computerized data with hard copies. This
database contains about 200 variables pertaining to
the demographic data, risk factors of ischemic heart
disease, glucose and lipid profile, as well as findings
of non-invasive studies and also coronary
catheterization.

Between March 2010 and March 2012, 19128
consecutive patients (aged between 18 and 80 years)
underwent elective diagnostic coronary angiography
at cardiac catheterization laboratory of our center.
After excluding patients with a history of previous
percutaneous coronary intervention (PCI) (n = 889)
or coronary artery bypass grafting (CABG) surgery
(n = 434), and those with a history of previous
myocardial infarction (n = 7303), a total of 10502
patients were retained for final analyses. The study
protocol was approved by the Ethics Committees
of Tehran University of Medical Sciences and
Tehran Heart Center (Approval date: 2009/03/03-
Approval number: 88-01-30-8399). Investigators
guaranteed to use the medical documents of the
study participants secretly. The analysis was
performed on a dataset with unique patients’ codes
for each record without direct wisibility of
patients’ identity.

Qualified  trained staff —measured waist
citcumference (WC) and blood pressure prior to
coronary angiography. WC was measured at the
minimum circumference between the iliac crest and

the rib cage at minimal respiration.!'> For
measuring the blood pressure, the subjects
remained at rest for at least 15 minutes then the
same staff measured blood pressure on the right
arm at the sitting position.1213

The family history of premature CAD was
defined as a positive history of CAD including
angina, angiographically determined CAD, CABG,
PCI, myocatdial infarction, and/or sudden cardiac
death without obvious cause diagnosed at age less
than 55 years for male first-degree relatives or less
than 65 years for female first-degree relatives.!4

Current smoking was defined as a regular or
occasional use of tobacco in the last year.!

Dyslipidemia was defined as presence of any of
the following:

* Total cholesterol (TC) level > 200 mg/d],

* Low-density lipoprotein cholesterol (LDL-C)
level > 130 mg/dl,

* High-density lipoprotein cholesterol (HDL-C)
level < 40 mg/dl,

* Triglyceride (TG) level > 150 mg/dl,

* Patients receiving lipid-lowering agents
because of diagnosis of dyslipidemia made by a
physician.™

Hypertension was defined by any one of the
following:

* History of hypertension diagnosed and treated
with medication, diet and/or exercise

* Prior documentation of blood pressure greater
than 140 mmHg systolic and/or 90 mmHg diastolic
for patients without diabetes or chronic kidney
disease, or prior documentation of blood pressure
greater than 130 mmHg systolic and/or 80 mmHg
diastolic on at least two occasions for patients with
diabetes or chronic kidney disease

* Currently on pharmacologic therapy for
treatment of hypertension systolic blood pressure =
140 mmHg and/or diastolic blood pressure = 90
mmHg and/or currently receiving antihypertensive
treatments.!4

DM was defined as fasting blood sugar (FBS) =
126 mg/dl in two measurements, or a random
blood sugar level = 200 mg/dl and/or use of the
antiglycemic agents.!

All pre-procedural blood biochemistry assays for
patients scheduled for coronary catheterization in
our center are performed in the Tehran Heart
Center Laboratory with adherence to external
quality control. Peripheral venous blood specimens
are collected from an antecubital vein after 10-12
hours fasting of subjects.’> FBS is measured by the
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glucose oxidation method (Pars Azmoon, Tehran,
Iran) and TC, TG, and LDL-C ate determined by
enzyme colorimetric assay (Pars Azmoon, Tehran,
Iran) using a Hitachi Autoanalyzer (type 717,
Hitachi medico, Tokyo, Japan). HDL-C is measured
using precipitation based method.

Coronary angiography was performed using
standard techniques and recorded in multiple
projections for left and right coronary arteries. In
this study, all the angiograms were assessed by a
cardiologist, blinded to the patients’ medical and
anthropometric  status. Obstructive CAD  was
defined as = 50% luminal diameter stenosis in one
or more major epicardial vessel.!0

The Gensini’s score was used for the assessment
of the severity of CAD. This severity score has been
described previously.!” Briefly, the coronaty arterial
tree was divided into segments with multiplying
factors according to the geographic functional
importance of any given segment (5 for the left
main stem to 0.5 for the most distal segments) as
well as the percent reduction in the lumen diameter.
The roentgenographic appearance of concentric
lesions and eccentric plaques was assigned a score
0, 1, 2, 4, 8, 16, or 32 according to the degree of
luminal stenosis). The sum of the segmental scores
vielded the Gensini’s score.!®

The Kolmogorov-Smirnov test was applied to
examine normal  distribution.  Logarithmic
transformation was done for non-normal
distributions. The continuous variables are
expressed as mean * standard deviation (SD), and
they were compared using the Student t-test. The

categorical variables were compared using a chi-
square test or the Fisher exact test, as appropriate,
and they are presented as absolute frequencies
with percentages. The predictive values of the
conventional CVD risk factors for the severity of
CAD were assessed via linear regression analyses.
First, univariate regression analysis was employed
to assess the relationship between the presence of
conventional risk factors and the severity of
coronary atherosclerosis and thereafter
independent predictive value of each risk factor
was tested using multivariate regression analysis.!!
A categorical “interaction-term analysis” was
performed to assess the possible synergistic effect
of hypertension with other conventional risk
factors of CAD including male sex, dyslipidemia,
smoking, and DM.? The interaction terms and
also the conventional risk factors of CAD were
entered into a backward stepwise multiple linear
regression models to assess the independent
predictors of severity of CAD. For all analysis, the
SPSS software (version 13, SPSS Inc., Chicago, IL,
USA) was used. All P values were 2-tailed with
significance defined as P =< 0.050.

Results

Of a total 10502 study subjects compatible with our
selection criteria (mean age of 59.2 * 10.9 years),
5611 (53.4%) were men, and 5247 (49.9%) patients
were found to have obstructive CAD. The baseline
clinical and laboratory characteristics of the study
patients are presented in table 1.

Table 1. Baseline clinical and laboratory characteristitstady patients

Clinical characteristics

CAD ‘

Present (n = 5247) Absent (n = 5255)

Age (year) (mean = SD) 62.1+10.0 56.4+11.1 <0.001
Male sex [n (%)] 2308 (44.0) 2938 (56.0) <0.001
Waist circumference (cm) (mean * SD) 102.1 £ 10.5 103.4+11.4 <0.001
DM [n (%)] 1888 (36.0) 1115 (21.3) <0.001
Systemic hypertension [n (%)] 3278 (62.6) 2638 (50.4) <0.001
Dyslipidemia [n (%)] 3516 (67.9) 3018 (58.1) <0.001
Current smoking [n (%)] 1000 (19.1) 698 (13.3) <0.001
Family history of CAD [n (%)] 900 (17.2) 822 (15.8) 0.048
Waist circumference (cm) (mean * SD) 102.1 £10.5 103.4+11.4 <0.001
Biochemical profile
Ln (LDL-C) (mean = SD) 4.69 + 0.36 4.67 £ 0.35 0.007
Ln (HDL-C) (mean = SD) 3.70+0.26 3.76 £ 0.26 <0.001
Ln (TC) (mean = SD) 5.17 + 0.26 5.16 + 0.25 0.022
Ln (TG) (mean + SD) 5.00 + 0.50 4.90 +0.49 <0.001
Fasting glucose (mg/dl) (mean + SD) 124.4 +54.1 111.2 + 40.6 <0.001

"All plus-minus values are mean + SD.
DM: Diabetes mellitus; CAD: Coronary artery disea3«;: Total cholesterol; LDL-C: Low-density lipoproteicholesterol;
TG: Triglyceride; HDL-C: High-density lipoprotein olesterol; SD: Standard deviation

ARYA Atheroscler 2015; Volume 11; Issue 6 31€

WWW.mui.ac.ir 15 Nov



Synergism of hypertension w DM & gende

Table 2. Linear regression analysis for the predictive gadii conventional risk factors of coronary arteryedse for
severity of coronary artery disease

Multivariate

Characteristics Univariate

Coefficient 95% CI Coefficient 95% ClI
Age (year) 0.81 0.74-0.88 <0.001 0.79 0.72-0.87 <0.001
Male sex 14.40 12.96-16.03 < 0.001 15.87 14.08-17.66 < 0.001
DM 14.08 12.38-15.78 < 0.001 12.98 11.18-14.79 < 0.001
Systemic hypertension 6.21 4.64-7.75 <0.001 3.94 2.23-5.65 <0.001
Dyslipidemia 5.90 4.29-7.51 <0.001 5.34 3.63-7.05 <0.001
Current smoking 7.92 5.80-10.03 <0.001 5.10 2.87-7.33 <0.001
Family history of CAD 1.50 —-0.60-3.59 0.162 6.22 4.09-8.35 < 0.001

"Adjusted for age, sex, hypertension, diabetes ms]ldyslipidemia, smoking and family history of CAD
DM: Diabetes mellitus; Cl: Confidence interval; CAD:1Goary artery disease

Table 3. Multivariate linear regression analysis for indegent predictors of severity of coronary arteryedse (CAD)
measured by Gensini’'s score

Characteristics | Coefficient 95% ClI P
Age (year 0.8C 0.72-0.8i < 0.00:
Male se: 20.0( 17.4€-22.51 < 0.00:
DM 15.6¢ 12.6:-18.6¢ < 0.00:
Systemic hypertensi 7.4t 4.85-10.0¢ < 0.00:
Dyslipidemie 4.84 3.1€-6.52 < 0.00:
Current smokin 5.5¢ 3.34-7.7¢ < 0.00:
Hypertension and male gen 5.9:2 2.72-9.1% < 0.00:
Hypertension anDM 3.9¢ 0.3(-7.6¢ 0.03¢
DM: Diabetes mellitus; Cl: Confidence interval

Linear regression analysis demonstrated that all Discussion

conventional risk factors of CAD including age, male
sex, DM, hypertension, dyslipidemia, and positive
family history of premature CAD were positively
associated with severity of CAD measured as the
Gensini’s score even after adjustment for potential
confounders (Table 2). Among conventional risk
factors of CAD male gender (B = 15.87, P < 0.001)
and DM (B = 15.87, P < 0.001) were the two most
powerful independent predictors of the severity of
CAD while systemic hypertension solely had the
weakest independent association with the severity of
CAD (B =3.94, P < 0.001).

As mentioned before, we used regression-term
analysis for assessment of the possible synergistic
effect of hypertension with other conventional risk
factors of CAD on severity of CAD. As shown in
table 3 hypertension had the synergistic effect with
male gender on the severity of CAD. In fact
presence of hypertension in men (rather than
women) results into an average 5.93 [95%
confidence interval (Cl): 2.72-9.15] excess
Gensini’s score over the expected sum of scores
from both of these risk factors. Similarly,
concurrent presence of hypertension and DM in a
patient results into 3.99 Gensini’s score (on
average) over the value resulting from simply
summing the adjusted scores of both of them
(coefficient: 3.99, 95% CI: 0.30-7.69).

In this study, we evaluated the independent effect
of conventional risk factors of CVD on the severity
of CAD. Meanwhile, we assessed the synergistic
effect of hypertension with other conventional risk
factors of CAD on the severity of CAD. The main
findings of our study were that all conventional risk
factors of CVD including age, male sex, DM,
hypertension, dyslipidemia, smoking, and family
history of CAD were independently associated with
severity of coronary atherosclerosis. Moreover, we
observed that hypertension has  synergistic
interaction with male gender and DM on severity of
CAD which means that coexistence of hypertension
with  these risk factors results in excess
atherosclerosis beyond that predicted by the
additive effect of the individual risk factors.

Our findings are consistent with previous studies
showing that clustering of multiple cardiovascular
risk factors is associated with increased risk for
CVD.J1020 Qur  study demonstrated  that
hypertension has a more deleterious effect on
coronary atherosclerosis in men than women. On
the other hand, we performed an analysis in current
dataset and in agreement with previous reportss16.2!
we observed that 89.9% of our male patients were
hypertensive while hypertension was found in
43.7% of female patients. These findings might be
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translated into recommendation of starting the
screening for hypertension at lower ages and more
frequently in men than women and also to more
tight control of hypertension in men.

In this study, we demonstrated a synergistic
effect between hypertension and DM. In agreement
with our findings, Tomiyama et al.?2 observed that
raised blood pressure and raised blood glucose,
those below defining hypertension and
diabetes, synergistically lead to progression of
arteriosclerotic arterial damage in Japanese men. In
a recent study published by Mitsutake et al.?3 it was
found that gender and diabetes history were the best
predictors of CAD for the patients with hypertension.
The results of a recent study suggested that the
coexistence of DM and hypertension augmented the
production of advanced glycation end products.?*
Additional studies are proposed to clarify the
underlying mechanisms of the synergistic effects of the
2 abnormalities, even in their eatly stage, on the
accelerated progression of structural arterial stiffening.

This study has potential limitations that should be
mentioned. In this study, we used Gensini’s scoring
system as a widespread and familiar scoring system
for quantification of severity of CAD. However, at
present, there are more updated and accurate scotring
systems for this purpose like “Syntax score” that
did not administered in this study and should be
acknowledged as a limitation of our study.

In conclusion, hypertension has the synergistic
effect with DM and male gender on the severity of
CAD. These findings imply that more effective
screening and treatment strategies should be
considered for early diagnosis and tight control of
hypertension in male and diabetic people for
prevention of CVD.

cven

Acknowledgments

Financial support of the Research council of Tehran
University of Medical Sciences is kindly appreciated.

Conflict of Interests

Authors have no conflict of interests.

References

1. Lopez AD. Assessing the burden of mortality from
cardiovascular diseases. World Health Stat Q 1993;
46(2): 91-6.

2. Yusuf S, Reddy S, Ounpuu S, Anand S. Global
burden of cardiovascular diseases: part I: general
considerations, the epidemiologic transition, risk
factors, and impact of urbanization. Circulation
2001; 104(22): 2746-53.

3. Lopez AD, Mathers CD, Ezzati M, Jamison DT,
Murray CJ. Global and regional burden of disease
and risk factors, 2001: systematic analysis of
population health data. Lancet 2006; 367(9524):
1747-57.

4. Omran AR. The epidemiologic transition: a theory
of the epidemiology of population change. Milbank
Q 2005; 83(4): 731-57.

5. Wild S, Roglic G, Green A, Sicree R, King H.
Global prevalence of diabetes: estimates for the
year 2000 and projections for 2030. Diabetes Care
2004; 27(5): 1047-53.

6. Masoudkabir F, Toghianifar N, Talaie M, Sadeghi
M, Sarrafzadegan N, Mohammadifard N, et al.
Socioeconomic status and incident cardiovascular
disease in a developing country: findings from the
Isfahan cohort study (ICS). Int J Public Health
2012; 57(3): 561-8.

7. Bhatt DL, Steg PG, Ohman EM, Hirsch AT, lkeda
Y, Mas JL, et al. International prevalence,
recognition, and treatment of cardiovascular risk
factors in outpatients with atherothrombosis. JAMA
2006; 295(2): 180-9.

8. Sarrafzadegan N, Talaei M, Sadeghi M, Kelishadi
R, Oveisgharan S, Mohammadifard N, et al. The
Isfahan cohort study: rationale, methods and main
findings. J Hum Hypertens 2011; 25(9): 545-53.

9. Zanchetti A. The hypertensive patient with multiple
risk factors: is treatment really so difficult? Ain
Hypertens 1997; 10(10 Pt 2): 223S-9S.

10. Stamler J, Vaccaro O, Neaton JD, Wentworth D.
Diabetes, other risk factors, and 12-yr
cardiovascular mortality for men screened in the
Multiple Risk Factor Intervention Trial. Diabetes
Care 1993; 16(2): 434-44.

11. Vasheghani-Farahani A, Majidzadeh A, Masoudkabir
F, Karbalai S, Koleini M, Aiatollahzade-Esfahanief,
al. Sagittal abdominal diameter to triceps skinfold
thickness ratio: a novel anthropometric index to
predict premature  coronary  atherosclerosis.
Atherosclerosis 2013; 227(2): 329-33.

12.Golpaie A, Tajik N, Masoudkabir F, Karbaschian
Z, Talebpour M, Hoseini M, et al. Short-term effect
of weight loss through restrictive bariatric susger
on serum levels of vaspin in morbidly obese
subjects. Eur Cytokine Netw 2011; 22(4): 181-6.

13.Tajik N, Golpaie A, Keshavarz SA, Djalali M,
Sehat M, Masoudkabir F, et al. Decreased plasma
levels of ceruloplasmin after diet-induced weight
loss in obese women. J Endocrinol Invest 2012;
35(6): 566-9.

14.Cannon CP, Battler A, Brindis RG, Cox JL, Ellis
SG, Every NR, et al. American College of

Cardiology key data elements and definitions for
measuring the clinical management and outcomes
of patients with acute coronary syndromes. A report
of the American College of Cardiology Task Force
on Clinical

Data Standards (Acute Coronary

ARYA Atheroscler 2015; Volume 11; Issue 6 321

WWW.mui.ac.ir

15 Nov



Synergism of hypertension w DM & gende

Syndromes Writing Committee). J Am Coll Cardiol
2001; 38(7): 2114-30.

15.Rezvan N, Hosseinzadeh-Attar MJ, Masoudkabir F,
Moini A, Janani L, Mazaherioun M. Serum visfatin
concentrations in gestational diabetes mellitus and
normal pregnancy. Arch Gynecol Obstet 2012;
285(5): 1257-62.

16. Hosseini SK, Masoudkabir F, Vasheghani-Farahani
A, Alipour-Parsa S, Sheikh FM, Rahimi-
Foroushani A, et al. Opium consumption and
coronary atherosclerosis in diabetic patients: a
propensity score-matched study. Planta Med 2011;
77(17): 1870-5.

17.Gensini GG. A more meaningful scoring system for
determining the severity of coronary heart disease.
Am J Cardiol 1983; 51(3): 606.

18. Masoudkabir F, Karbalai S, Vasheghani-Farahani
A, Aliabadi LL, Boroumand MA, Aiatollahzade-
Esfahani F, et al. The association of liver
transaminase activity with presence and severity of
premature coronary artery disease. Angiology
2011; 62(8): 614-9.

19.Golden SH, Folsom AR, Coresh J, Sharrett AR,
Szklo M, Brancati F. Risk factor groupings related
insulin resistance and their synergistic effects on
subclinical atherosclerosis: the atheroscleroslsin
communities study. Diabetes 2002; 51(10): 3069-76.

20.Kannel WB, McGee D, Gordon T. A general
cardiovascular risk profile: the Framingham Study.
Am J Cardiol 1976; 38(1): 46-51.

21.Centers for Disease Control and Prevention. Vital

signs: current cigarette smoking among adults aged
>/=18 years--United States, 2005-2010. MMWR
Morb Mortal Wkly Rep 2011; 60(35): 1207-12.

22. Tomiyama H, Hashimoto H, Hirayama Y, Yambe
M, Yamada J, Koji Y, et al. Synergistic
acceleration of arterial stiffening in the presen€e
raised blood pressure and raised plasma glucose.
Hypertension 2006; 47(2): 180-8.

23.Mitsutake R, Miura S, Shiga Y, Uehara Y, Saku K.
Association Between Hypertension and Coronary
Artery Disease as Assessed by Coronary Computed
Tomography. The Journal of Clinical Hypertension
2011; 13(3): 198-204.

24.Wang X, Desai K, Chang T, Wu L. Vascular
methylglyoxal metabolism and the development of
hypertension. J Hypertens 2005; 23(8): 1565-73.

25.Sianos G, Morel MA, Kappetein AP, Morice MC,
Colombo A, Dawkins K, et al. The SYNTAX
Score: an angiographic tool grading the complexity
of coronary artery disease. Eurolntervention 2005;
1(2): 219-27.

How to cite this article. Masoudkabir F,
Poorhosseini H, Vasheghani-Farahani A, Hakki E,
Roayaei P, Kassaian SESynergistic effect of
hypertension with diabetes mellitus and gender on
severity of coronary atherosclerosis: Findings from
Tehran Heart Center registry. ARYA Atheroscler
2015; 11(6): 317-22.

322 ARYA Atheroscler 2015; Volume 11; Issue 6

WWW.mui.ac.ir

15 Nov



