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Abstract  

Background:  Egypt is among the first four countries  
suffering from obesity worldwide. The function of waist  
circumference [WC] as an independent indicator of silent  

myocardial ischemia [SMI] remains unknown in Egyptian  
obese patients. Thus, we aimed to detect SMI in a cohort of  

Egyptian obese individuals with metabolic syndrome [MS]  
and to examine its associations with various clinical and  
diagnostic results.  

Methods:  Fifty obese patients (G1) without overt coronary  

artery disease [“60 percent” females and “40 percent” males;  

mean age 40.2±4.5 years] and 50 ages & sex matched non-
obese subjects who served as control group (G2) were enrolled  

in this study. Anthropometric tests were taken for both subjects.  

Laboratory evaluation included fasting blood sugar, serum  
triglycerides, high density lipoprotein cholesterol. Assay of  
serum uric acid, urea, creatinine and microalbuminuria. MS  

was established through the revised National Education  

Program on Cholesterol [NCEP-R]. Tc99 m SestaMIBI SPECT  

gated myocardial perfusion imaging [GSPECT] was used for  

SMI screening. Pearson Moment correlation equation was  

used to check correlation between different variables. The  

logistic regression analysis was performed univariate and  
multivariate and the linkages between SMI and significant  

variables were established.  

Results:  In (G1), 13/50 [26%] had SMI as compared to  

2/50 [4%] among (G2) p=0.0001]. GSPECT positivity signif-
icantly correlated with HDL ( r=0.4; p= 0.02); microalbuminuria  
[r= =0.5; p=0.04]; and WC [r=0.6; p  0.04]. Neither WC (OR  
1.042; CI 0.8701.248; p=0.654) nor microalbuminuria (OR  
1.794, CI 0.6734.784; p=0.243) were considered as independent  

predictor of SMI.  

Conclusion:  A significant association of SMI has been  

found among a cohort of Egyptian obese patients with MS  
using Tc99 m SestaMIBI GSPECT. Considering the fact, we  
believe that the latter has a place as a screening tool; whenever  

the diagnosis is made the better the result.  
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Introduction  

IN  the absence of angina or anginal equivalents,  
silent coronary artery disease [CAD] is character-
ized as the occurrence of myocardial ischemia or  

an infarction [1] . While silent CAD is the most  
frequent manifestation [2] . There are no screening  
guidelines for determining its burden in patients  

with traditional coronary atherosclerosis risk factors  
[3] .  

Over the years the prevalence of metabolic  

syndrome [MS] [4]  and abdominal obesity has  
gradually increased [5] . Different organizations,  
such as the National Cholesterol Education Program  

(NCEP) [6,7]  the International Diabetes Federation  
(IDF)[8] and the World Health Organization (WHO)  
[9]  have published various criteria for defining  
metabolic syndromes. It was proposed that indi-
vidual components be of MS were proposed to  

interact synergistically to cause or accelerate athero-
sclerosis [10] .  

However, several questions have been raised  

recently regarding the impact of MS on CAD or  

SMI risk compared with its components [11] .  

Recently it was reported that high waist circum-
ference (WC) and therefore abdominal obesity was  
a higher risk factor for cardiovascular disease  

(CVD) than general obesity [12,15]  with a clear  
correlation with MS [13,14,16] . Lakka et al., showed  
an increase in all cause mortality in men with  

metabolic syndrome using a given high WC of  
>102cm instead of ≥94cm [17] .  

However, there is still a large population seg-
ment with WC average of ≥94cm that remains at  
an increased risk of CVD [16,18-20]. In this way  
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we aimed to detect silent myocardial ischemia  

[SMI] in a cohort of obese Egyptians and to analyze  
its correlations with different clinical and diagnostic  

data.  

Patients and Methods  

Study population:  
The research has been accepted by the scientific  

review board of Cairo University's local ethics  
committee. It was a cross-sectional analysis per-
formed on 50 obese Egyptian patients [30 females  
and 20 males] without documented CAD. Patients  
with positive family history, diabetes [fasting blood  
sugar (FBS) >_ 126mg/dl], hypertension [defined as  
blood pressure >_ 140/90mmHg and/or antihyper-
tensive drug use], elevated serum creatinine  

[> 1.2mg/dl], abnormal renal sonography, urinary  

tract infection and other cardiovascular diseases  

have been excluded. Fifty Age and non-obese  
subjects matched by sex served as a control group.  

All patients and controls were subject to full  

history and clinical examination including blood  
pressure measurement (BP), weight, height, WC,  

waist hip ratio (WHR), waist-height ratio (WHtR),  
and single photon emission gated myocardial  
perfusion [GSPECT] computed tomography using  
Tc99 m Sestamibi. WHR was considered to be  
increased if there were >_0.9 in men and >_0.85 in  
women [21]  and the cut-off point for WHtR was  
0.5 for both genders [22] . After overnight fasting,  
biochemical analyzes were performed including  

FBS, high density lipoprotein cholesterol (HDL),  
triglycerides (TG), urea, creatinine, and uric acid.  
Microalbuminuria assay was conducted using com-
petitive immunoassay enzymes, using IMMULITE-
2000 tools and albumin kits [23] . Microalbuminuria  
is characterized as a concentration of 20-200mg/l  

of urinary albumin, whereas macroalbuminuria is  

considered to be the concentration of urinary albu-
min >200mg/l [24] . Metabolic syndrome has been  
diagnosed with three or more of the following risk  

factors: WC >88cm in women and >102cm in men,  
TGs >_ 150mg/dl in adults, HDL <40mg/dl in male  
and <50mg/dl in women, BP >_ 130/ >_ 85 mmHg,  
FBS >_ 110mg/dl based on the requirements of the  

National Plan for Cholesterol Education-Adult  
Care Panel III (NCEP-ATP III) [6,7,13] .  

Myocardial gated single photon emission com-
puted tomography:  

Dipyridamole was intravenously administered  

over 4-6min to cause pharmacological stress  
(0.56mg/kg body mass). A small rise in heart rate  
and a slight decrease in blood pressure support the  

drug's pharmacological impact, with images taken  
15min after infusion with dipyridamole. Tc-99 m  

Sesta-MIBI was injected with continuous ECG and  
blood pressure monitoring at a dosage of 22-25  
mCi (814-925 mBq). Imaging was carried out over  

2 days (within a period of 1 week) during the stress  

and rest phases using a dual head gamma camera  

(Philips Axis, Philips, The Netherlands) under the  

following conditions: Patient with elevated left  
arm (180o arc), counterclockwise rotation, 128x128  
matrix, and 64 image/arc views (180º, 45º, anterior  

right oblique and 135º left oblique). A ramp filter  

and convection filter with oblique angle reformat-
ting (short axis and long horizontal and vertical  
axis) (Butterworth filter; Texas Instruments, Texas,  

USA); For GSPECT, the processing of ECG-
synchronized data was carried out using an R-wave  

trigger (8 frames/cardiac-cycle). Imaging was done  

3060min after administration of SestaMIBI during  

the rest process. The GSPECT was analyzed in a  
joint session by three board-certified nuclear med-
icine physicians (two with 10 years of experience,  
and the other with 20 years’ experience). Myocar-
dial perfusion of the left ventricular (LV) walls  

was visually assessed for defects [myocardial  

perfusion defects (MPDs)]. The 17 myocardial  

segments were assigned to the territories of the  

left anterior descending artery [LAD], right coro-
nary artery [RCA], and the left circumflex coronary  

artery [LCX] [25] . We classified patients as  
GSPECT negatives and GSPECT positives.  

Statistical method:  
All statistical calculations were done using  

computer program SPSS (Statistical Package for  

the Social Science; SPSS Inc., Chicago, IL, USA)  

release 15 for Microsoft Windows. Student t-test  
was used to analyze differences in numerical data  

and chi-squared test was used to determine the  

differences between proportions of categorical  

data. Correlation between different variables was  

tested using Pearson Moment correlation equation.  

Numerical data were tested for normality using  

Kolmogorov Smirnov test. Univariate logistic  

regression was performed to identify the associa-
tions between SMI and significant variables. Mul-
tivariate logistic regression analyses were per-
formed using a stepwise forward selection  
approach. p-values <0.05 were considered statisti-
cally significant.  

Results  

General characteristics of the study group [n. 50]:  

This study included 50 obese patients [Group  
1 (G1) 30 females “60%” and 20 males “40%”]  



Age (ys)  

Sex distribution:  

Females  

Males  

WC (cm)  

WHR  

WHtR  

BMI  

SBP (mm Hg)  

DBP (mm Hg)  

40.2±4.5  

30 (60%)  

20 (40%)  

116.9± 15  

1 ±0.1  

0.7±0.1  

37.28±5.9  

115.9± 13.1  

74.4± 11  

41.2±4.1  

30 (60%)  

20 (40%)  

77±5.2  

0.7±0.1  

0.5±0.02  

23.5± 1.3  

112.4± 10.3  

71.8±9.3  

0.0001  

0.0001  

0.0001  

0.0001  

0.8  

0.9  

0.6 

– 
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and 50 non-obese subjects as a control group (G2).  

G1 patients fulfilled the criteria for MS versus  

none in G2. Their different clinical and physical  
parameters are shown in Table (1) where significant  

statistical differences were elicited among all the  

parameters except for age and blood pressure  
measurements.  

Table (1): Clinical and physical parameters in obese patients  

and controls.  

Obese Non-obese p - 
patients (G1) control (G2) value  

Myocardial perfusion GSPECT:  
Of the 50 obese patients who were exposed to  

cardiac pharmacological stress monitoring [Dipy-
ridamole] with subsequent GSPECT; 37 cases  
[74%] were negative and 13 cases [26%] were  
positive for SMI, 6/20 [30%] males and 7/30 fe-
males [23.3%]. Most lesions were of moderate  
grade [81.2 percent].  

The vascular area most frequently affected was  

RCA with LCX and LAD similarly affected.  

Ischemia was found in a single vascular territory  
except in 3/13 [23%] where male cases resulted in  

the involvement of two vascular territories. Two  

patients in G2 demonstrated positive GSPECT  
[2/50; 4% vs. 26% in G1; p  0.001].  

Associations and Cox-regression analysis:  
-  The Pearson correlation test revealed substantial  

statistical correlations between SMI and MS ( r  
0.7, p  0.02), WC (r  0.6, p  0.04), WHtR (r  0.6, p  
0.03), HDL (r  –0.5, p  0.02), and microalbuminu-
ria (r  0.5, p  0.04). All other variables tested (age,  
sex, FBS, TG, and WHR, and BMI) showed no  
significant association (p>0.05) (Table 3).  

G1: Group 1. G2: Group 2.  
WC 
 : Waist circumference. 

WHR 
 

: Waist hip ratio. 
WHtR : Waist-height ratio.  

BMI: Body mass index.  
SBP: Systolic blood pressure.  
DBP:Diastolic blood pressure.  

Table (3): Associations of SMI and patients' data in obese  
patients (G1).  

Variable G1 [n. 50]  Values are expressed as mean ±  SD or no (%).  

The laboratory data are detailed in Table (2).  

FBS, uric acid, TG and microalbuminuria were  

significantly higher in G1 while HDL was signif-
icantly lower in G1 with no difference in serum  

urea and creatinine.  

Table (2): Laboratory data of obese patients and controls.  

Obese  
patients (G1)  

Non-obese  
control (G2)  

p -
value  

FBS (mg %)  102± 12.7  93.7± 12  0.004  

Creatinine (mg/dl)  0.6±0.1  0.6±0.1  0.9  

Urea (mg/dl)  11.4±3.6  12.5±4  0.9  

Uric acid (mg/dl)  4.3±0.9  3.5±0.8  0.01  

TG (mg/dl)  439.4± 190.5  150±31  0.000  

HDL (mg/dl)  33.3±7.7  48±0.8  0.000  

Microalbuminuria  

(mg/l)  

37.2±4  17±5  0.008  

MS (No. %)  50/50 (100%)  0  0.000  

FBS 
 

: Fasting blood sugar. HDL 
 
: High density lipoprotein. 

TG : Triglycerides. MS 
 

: Metabolic syndrome.  
Values are expressed as mean ±  SD unless otherwise specified.  

Age  

Sex  

FBS  

TG  

HDL  

Microalbuminuria  

WC  

WHR  

WHtR  

BMI  

MS  

SMI 
 

: Silent myocardial ischemia. 
G1 : Group 1. 
WC 
 

: Waist circumference. 
WHR 

 
: Waist hip ratio; 

WHtR 
 

: Waist-height ratio.  

r=0.3  
p  0.5  

r=0.2  
p  0.6  

r=0.2  
p  0.5  

r=0.3  
p  0.09  

r=–0.5  
p  0.02  

r=0.5  
p  0.04  

r=0.6  
p  0.04  

r=0.2  
p  0.9  

r=06  
p  0.03  

r=0.2  
p  0.2  

r=0.7  
p  0.02  

BMI 
 

: Body mass index. 
FBS 

 

: Fasting blood sugar. 
TG 
 

: Triglycerides. 
HDL 

 
: High density lipoprotein.  

p-Value <0.05 is significant.  
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-  Analysis of univariate regression revealed that  
MS (OR 1.011; CI 0.971-1.156; p=0.02), WC  
(OR 2.006; CI 0.913-2.950; p=0.01), WHtR (OR  
1.012; CI 1.427-2.078; p=0.02), HDL (OR 2.009;  
CI 0.903-2.050; p=0.01) and micro-albuminuria  
(OR 1.011; CI 0.931-1.186; p=0.02) were signif-
icant SMI predictors (Table 4).  

-  All relevant variables from the univariate analysis  

have been included in a stepwise multivariate  
regression. Accordingly, checking for the bene-
ficial effect of micro-albuminuria and WC on  
the existence of silent MI was selected.  

The analysis however showed that neither WC  
(OR 1.042; CI 0.8701.248; p=0.654) nor micro-
albuminuria (OR 1.794, CI 0.673-4.784; p=0.243)  
were considered to be independent predictors of  
SMI (Table 5).  

Table (4): Significant predictors of silent myocardial ischemia  

in obese patients (G1) by Univariate regression  
analysis [n. 50].  

Variate  Odds  
ratio  

95% Confidence  
interval  

p - 
value  

WC  2.006  0.913-2.950  0.01  
WHtR  1.012  1.427-2.078  0.02  
HDL  2.009  0.903-2.050  0.01  
MS  1.001  0.971-1.156  0.02  
Microalbuminuria  1.011  0.931-1.186  0.02  

p-Value <0.05 is significant. WHtR 
 

: Waist-height ratio. 
G1 : Group 1. HDL 

 
: High density lipoprotein. 

WC: Waist circumference. MS 
 

: Metabolic syndrome.  

Table (5): Significant predictors of silent myocardial ischemia  

in obese patients (G1) by Multivariate regression  
analysis [n. 50].  

95% Confidence p - 
interval value  

WC 1.042 0.870-1.248 0.654  
Microalbuminuria 1.794 0.673-4.784 0.243  

p-Value <0.05 is significant.  
G1 : Group 1.  
WC: Waist circumference.  

Discussion  

Metabolic syndrome (MetS) is a cluster of risk  
factors linked to insulin resistance, subclinical  

inflammation, increased future risk of diabetes and  

coronary artery disease (CAD) [10] . Because of its  
high percentage of body fat, abdominal obesity  

and insulin resistance, South Asians are more likely  
to develop MetS [26] . Despite some debate, most  
experts seem to agree that the elevated cardiovas-
cular risk seen in these subjects is possibly due to  

a clustering of risk factors [27] . The correlation  

between MetS and increased risk CAD has been  

verified in several epidemiological and clinical  
studies [28] . Which is the leading cause of death  
globally. CAD morbidity and mortality are higher  

in MetS patients; thus, early evaluation of the risk  

of CAD in MetS patients is important because it  
may lead to improved adherence of patients or  

physicians to risk reducing behaviors or treatments  

and improve clinical outcomes.  

The prevalence of SMI in obese subjects versus  
control group based on GSPECT was 26 per cent  
and 4 per cent in the present study.  

No previous studies have, to our knowledge,  
focused on the value of G-SPECT using Tc-99 m  
SestaMIBI for SMI detection in obese Egyptian  
patients regarding the fact that Egypt is now among  

the top four countries with the highest incidence  
of obesity worldwide.  

This research used GSPECT as a noninvasive  

and reproducible method for screening nonovert  
SMI and to ensure optimum target heart rates;  

pharmacological stress test [Dipyridamole] was  

used [29] . Our cases were also positive for MS by  

meeting 3/5 of the required criteria [WC >88cm  

in females and >102cm in males, TGs >_ 150mg/dl  
in males and HDL <40mg/dl in female]. According  

to NCEP-ATP III criteria [13] .  

None of our subjects have been positive for  

diabetes or hypertension, as such diseases are  

known as CAD predictors [13] . A large retrospective  
study was conducted by Vakil et al. [11]  on male  
veterans [n. 1071; >40 percent with MS] for  
GSPECT detection of SMI and two-dimensional  

stress echocardiography but lacked controls and  

female sex in their study.  

They found that 21.7 percent met stress imaging  

criteria for SMI, which was raised to 30 percent  
in high cases of WC [>102cm] comparable to our  

results [26 per cent]. Low HDL and high TG have  
traditionally been associated with increased prev-
alence of SMI [30,31] ; Vakil et al. [11]  have shown  
that they have not significantly increased the prev-
alence of SMI which is consistent with our data  

as regard the absence of significant association  
between SMI and TG. While low HDL has shown  
significant association with SMI in the present  
study, it was not among the significant predictors  

using multivariate regression analysis.  

Microalbuminuria reflects widespread vascular  

damage and generalized vascular endothelial dys-
function [32] . The association between microalbu-
minuria and cardiovascular damage is independent  
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of renal function [33] . Besides, it might express the  
interaction between components of MS [32] . How-
ever, in the present study, Multivariate analysis  
showed that neither WC nor microalbuminuria is  
significant predictor of SMI in G1. This may be  
attributed to the small sample size of the study  
groups and the lack of information regarding the  

duration of exposure to each individual component  

of MS which are considered the main limitations  
of our study.  

Finally, previous clinical trials have shown that  

the presence of SMI predicted an increased risk of  

future cardiac events [34,35] ; hence, it remains of  
paramount importance to screen high risk patients  

like those with high WC using a non-invasive tool  
as GSPECT.  

Conclusion:  
A substantial association of SMI has been iden-

tified among a group of Egyptian obese patients  

using Tc99 m Sesta-MIBI GSPECT. Given the fact,  

we assume that the latter has a position as a screen-
ing tool; once the diagnosis is made, the better the  
result is.  
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