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Abstract 
Introduction. Ischemic heart disease(IHD) is currently the leading cause of mortality in women. In this study we 
aimed to evaluate ambulatory electrocardiographic monitoring(AECGm) as a diagnostic test for IHD in women. 
Material and method. The study included 225 female who underwent AECGm divided into 2 groups: 136 previously 
diagnosed with IHD(IHD+) and 89 controls(IHD-). The IHD+ group was subdivided into AECGm ischemia 
subgroup(I+) and AECGm non-ischemia subgroup(I-). AECGm was assessed for presence of myocardial ischemia 
(ST segment depression >5mm), duration and ischemic load (the percentage that episodes of myocardial ischemia 
accounted throughout the recording). Results and discussions. Patients mean age was 62.31±12.51years. The IHD+ 
and IHD- groups were similar regarding associated risk factors (hypertension, obesity, dyslipidemia, diabetes 
mellitus), echocardiographic parameters (left ventricular size, ejection fraction, kinetic disorders), minimum and 
maximum heart rates(MaxHR) on AECGm. Statistically significant differences were identified regarding presence of 
atrial fibrillation episodes(AFibE) (IHD+:21.3% vs IHD-:8.9%), myocardial ischemia (IHD+:55.14% vs IHD-
:42.69%), ischemic load (IHD+:15.23±30.54% vs IHD-:4.7±15.65%), duration of ischemia (IHD+:174.16±380.75 
minutes vs IHD-:59.44 ± 209.02 minutes). In multivariate analysis, ischemia episodes, ischemic load and duration of 
ischemia were predicted by obesity, MaxHR and AFibE. Statistically significant differences were also identified 
regarding presence of AFibE (I+:30% vs I-:8.9%), MaxHR (I+:120 vs I-:111beats/minute), obesity (I+:20% vs I-
:41%), diabetes mellitus (I+:16% vs I-:69%), hypertension (I+:76% vs I-:90%). Conclusions. Although myocardial 
ischemia was also present in IHD- group, our study demonstrated that the diagnosis of IHD can be established by 
AECGm using the threshold values of ischemic load (> 27%) and ischemic duration (> 315minutes).  
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Introduction 
Ischemic heart disease (IHD) has been considered as 
a men’s disease but is currently the leading cause of 
death in both sexes. Moreover, annually, IHD causes 
a higher number of deaths among females than in 
males at older ages, according to World Health 
Organization statistics (1). Although IHD has been 
considered a disease of patients in high income 
countries, the cardiovascular mortality rate in 
women over 60 years is currently twice as high in 
developing vs. high income countries. This rate is 
higher in European middle-income countries, 
category in which Romania also falls, followed by 
the eastern Mediterranean region and the African 
regions (1). 
Coronary angiography is considered gold standard in 
terms of the diagnostic tools for IHD. Women 

frequently present microvascular coronary disease 
therefor no pathological changes are detected on 
coronary angiography (2). The literature states that 
almost half of patients who underwent coronary 
angiography for symptoms of myocardial ischemia 
do not have obstructive coronary heart disease 
defined as stenosis >50% of the lumen of an 
epicardial artery (3,4). 
Another diagnostic tool used for IHD is the exercise 
stress test. Because the physical condition is more 
precarious in females, patients cannot reach the 
maximal heart rate, so exercise stress test is often 
inconclusive (5). 
Ambulatory electrocardiographic monitoring 
(AECGm) is an important non-invasive method for 
diagnosing IHD. Myocardial ischemia can occur in 
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asymptomatic patients, most often being 
intermittent, so the simple 12-lead ECG recording 
may not detect it. The introduction of AECGm has 
increased the chance of detecting myocardial 
ischemia (6). It has been shown that episodes of 
silent myocardial ischemia registered on AECGm 
have the same pathological significance as 
symptomatic ischemic episodes and it has been 
observed that the incidence of silent ischemia is 
much higher among the female population (7). 
The need for a diagnostic tool more appropriate for 
women with IHD has thus emerged. In this study, 
we aimed to evaluate AECGm for this purpose. 
Material and methods 
Study population 
We enrolled 225 consecutive female inpatients from 
the Cardiology Department of Rehabilitation 
Clinical Hospital of Cluj-Napoca registered in the 
AECG laboratory throughout a year. Women were 
retrospectively enrolled in two groups: the ischemic 
heart disease group (IHD+, n=136) which consisted 
of women with previously established diagnosis of 
ischemic heart disease and the control group (IHD-, 
n=89) which consisted of women without diagnosis 
of ischemic heart disease. Exclusion criteria were 
paced rhythm or inadequate recordings from Holter 
monitoring. The IHD+ group was subdivided into 
AECGm ischemia and AECGm non-ischemia. The 
study was approved by the Ethical Committee of 
Iuliu Hatieganu University of Medicine and 
Pharmacy of Cluj-Napoca, Romania.  
In addition to baseline characteristics, clinical and 
paraclinical details were collected. Participants in 
the study were monitored by AECGm and 
underwent M-mode, two-dimensional and Doppler 
echocardiography. 
The two groups were compared regarding associated 
risk factors (hypertension, obesity, dyslipidemia, 
diabetes mellitus), echocardiographic parameters 
(left ventricular size – diastolic (LVSD) and systolic 
diameters (LVDD), ejection fraction, kinetic 
disorders) and parameters registered on Holter ECG 
(minimum and maximum heart rates, atrial 
fibrillation episodes, presence of myocardial 
ischemia episodes, duration and ischemic load). 
Assessment of ambulatory ECG recordings 
Participants in the study were monitored by 12-lead 
24-hours AECG (Labtech Instruments® Recorder 
version: 5.1.10.2559). A medical student processed 
the AECG recordings and a physician reviewed 

them. A recording was considered eligible if the 
following criteria were met: over 12 h of analyzable 
data, both daytime and night-time periods available. 
Tracings were reviewed for evidence of horizontal 
or down sloping ST segment depression ≥5 mm, 
duration and ischemic load defined as the percentage 
that episodes of myocardial ischemia accounted 
throughout the recording. 
2.3 Statistical analysis 
The results obtained were statistically processed 
using Microsoft Excel version 18 and Stata version 
14.2. Case control analysis was performed using chi-
square and Z-test test for categorical and quantitative 
variables, respectively. For multivariate data 
analysis we used multiple regressions (logistic and 
linear regressions for categorical vs quantitative 
variables). Data is presented as n (%) or mean ± SD. 
Statistically significant values are considered when p 
≤ 0.05. 
Results 
From the 225 female patients included in the study 
(fig. 1), 60% (136 patients) were anterior diagnosed 
with ischemic heart disease and 40% (89 patients) 
constituted the reference group. Mean age of the 
patients included in the study was 62.31 ± 12.51 
years. 

 
Fig. 1. Study design with results (IHD = ischemic 
heart disease, AECGm = ambulatory 
electrocardiographic monitoring) 
 
Comparison of IHD+ and reference subjects 
Table 1 compares the women in IHD+ group with 
reference subjects from IHD- group. Overall, no 
significant differences were noted regarding 
cardiovascular risk factors (hypertension, obesity, 
dyslipidemia, diabetes mellitus), echocardiographic 
parameters (left ventricular systolic and diastolic 
diameters, ejection fraction, kinetic disorders) and 
heart rate (maximal, minimal) on AECGm. 
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Statistically significant differences were identified 
regarding presence of atrial fibrillation episodes 
(more in IHD+), presence of myocardial ischemia 
episodes (more in IHD+), ischemic load (higher in 
IHD+) and episodic ischemia duration (longer in 
IHD+). 
 
Table 1.  Comparison of IHD+ and reference 
subjects. 

 
LVDD = left ventricular diastolic diameter 
LVSD = left ventricular systolic diameter 
EF = ejection fraction 
HR = heart rate 
NS = not significant 

1. ischemic load defined as percentage that 
episodes of myocardial ischemia accounted 
throughout the recording 
    
A binominal logistic regression was run to 
understand the effects of age, IHD, hypertension, 
obesity, diabetes mellitus, dyslipidemia, LVDD, 
LVSD, EF, myocardial dyskinesia, maximal and 
minimal heart rate and atrial fibrillation episodes on 
the presence of ischemia on AECGm. Obesity (p = 
0.007), maximal HR (p = 0.012) and atrial 
fibrillation episodes (p = 0.011) statistically 
significantly predicted exam success, but remaining 
variables did not (table 2). 
Table 2.  Results of multiple analysis upon ischemia 
episodes 

 
IHD = ischemic heart disease 
LVDD = left ventricle diastolic diameter 
LVSD = left ventricle systolic diameter 
EF = ejection fraction 
HR = heart rate 
 
A multiple regression was run to predict ischemic 
load from age, IHD, hypertension, obesity, diabetes 
mellitus, dyslipidemia, LVDD, LVSD, EF, 
myocardial dyskinesia, maximal and minimal heart 
rate and atrial fibrillation episodes (table 3). These 
variables explain 22.52% of the variability of 
ischemic load and statistically significantly predict 
the ischemic load, F(13, 211) = 4.72, p < 0.00001, 
the regression model being a good fit of the data. 
The general form of the equation to predict ischemic 
load from above listed variables is: 

Characteristics IHD+ 
(n=136) 

IHD- 
(n=89) 

p-value 

Hypertension 
(patients / %) 

112 / 
82% 

5 / 6% NS 

Obesity (patients 
/ %) 

40 / 29% 18 / 17% NS 

Dyslipidemia 
(patients / %) 

31 / 23% 15 / 17% NS 

Diabetes mellites 
(patients / %) 

92 / 68%  54 / 60% NS 

LVDD (mm) 49,95 ± 
7,58 

47,7 ± 
4,72 

NS 

LVSD (mm) 32,27 ± 
7,4 

30,92 ± 
6,41 

NS 

EF (%) 49,69 ± 
2,17% 

50% ± 
0.1% 

NS 

Myocardial 
dyskinesia 
(patients)  

4 0 NS 

Maximal HR 
(beats/min) 

116 ± 22 120 ± 25 NS 

Minimal HR 
(beats/min) 

51 ± 11 52 ± 9 NS 

Atrial fibrillation 
episodes 
(patients) 

29 8 0.013744 

Ischemia 
episodes (patient 
/ %) 

75 / 
55.14% 

38 / 
42.69% 

0.067793 

Mean duration of 
ischemic 
episodes (min) 

174,16 ± 
380,75 

59,44 ± 
209,02 

0.003646 

Ischemic load1 
(%) 

15,23 ± 
30,54% 

4,7 ± 
15,65 

0.000703 
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predicted ischemic load = -34.77 + (0.219 x age) + 
(6.271 x IHD) – (2.847 x hypertension) - (7.806 x 
obesity) - (5.020 x diabetes mellitus) + (6.611 x 
dyslipidemia) + (0.476 x LVDD) + (0.007 x LVSD) 
- (0.001 x EF) + (7.150 x myocardial dyskinesia) + 
(0.078 x maximal HR) - (0.146 x minimal HR) + 
(24.111 x atrial fibrillation) 
Table 3.  Results of multiple analysis upon ischemic 
load 

 
IHD = ischemic heart disease 
LVDD = left ventricle diastolic diameter 
LVSD = left ventricle systolic diameter 
EF = ejection fraction 
HR = heart rate 
 
A multiple regression was run to predict duration of 
ischemia from age, IHD, hypertension, obesity, 
diabetes mellitus, dyslipidemia, LVDD, LVSD, EF, 
myocardial dyskinesia, maximal and minimal heart 
rate and atrial fibrillation episodes (table 4). These 
variables explain 17.26% of the variability of 
duration of ischemia and statistically significantly 
predict the duration of ischemia, F(13, 211) = 3.39, 
p < 0.0001, the regression model being a good fit of 
the data. The general form of the equation to predict 
ischemic load from above listed variables is: 
Predicted duration of ischemia = -175.6 + (1.9 x age) 
+ (74.27 x IHD) – (0.738 x hypertension) - (74.139 x 

obesity) - (88.673 x diabetes mellitus) + (75.339 x 
dyslipidemia) + (1.872 x LVDD) - (0.334 x LVSD) - 
(0.011 x EF) + (129.161 x myocardial dyskinesia) + 
(0.709 x maximal HR) - (1.643 x minimal HR) + 
(279.024 x atrial fibrillation) 
Table 4.  Results of multiple analysis upon ischemia 
episodes duration 

 
IHD = ischemic heart disease 
LVDD = left ventricle diastolic diameter 
LVSD = left ventricle systolic diameter 
EF = ejection fraction 
HR = heart rate 
 
Ischemia on Holter ECG 
In the IHD+ group, 55% (75/136) had at least one 
episode of ST depression on AECGm compared to 
43% (38/89) subjects in the reference group. Among 
IHD+ subjects, we compared those with AECGm 
ischemia to those without AECG ischemic ST 
depressions (table 5) and found no differences in 
echocardiographic parameters and minimal heart 
rate on AECGm. The two groups differed regarding 
associated risk factors like hypertension, obesity and 
diabetes mellitus with higher rates in AECG 
ischemia group. The mean maximal heart rate was 
found to be 120 ± 23 bpm significantly higher in the 
AECG ischemia group. 
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Table 5.  Comparison of IHD+ subjects stratified by 
Holter ECG ischemia 
Characteristics Holter ECG 

ischemia+ 
(n=75) 

Holter ECG 
ischemia- 
(n=61) 

p-
value 

Mean age (years) 66 60 NS 
Hypertension 
(patients / %) 

57 / 76% 55 / 90% 0,041 

Obesity (patients / 
%) 

15 / 20% 25 / 41% 0,009 

Dyslipidemia 
(patients / %) 

54 / 72% 38 / 38% NS 

Diabetes mellites 
(patients / %) 

12 / 16%  19 / 31% 0,042 

LVDD (mm) 49,6 ± 6.8 49,3 ± 4,8 NS 
LVSD (mm) 33 ± 8,7 31,3 ± 5,3 NS 
EF (%) 49,4 ± 

2,89% 
50% ± 0.1% NS 

Myocardial 
dyskinesia 
(patients)  

8 7 NS 

Maximal HR 
(beats/min) 

120 ± 23 111 ± 19 0,019 

Minimal HR 
(beats/min) 

51 ± 12 52 ± 9 NS 

Atrial fibrillation 
episodes (patients / 
%) 

23 / (30%) 6 (10%) 0,003 

Mean duration of 
ischemic episodes 
(min) 

315,81 ± 
468,13 

  

Ischemic load1 (%) 27,79 ± 
36,85% 

  

 
NS = not significant 
LVDD = left ventricular diastolic diameter 
LVSD = left ventricular systolic diameter 
EF = ejection fraction 
HR = heart rate 
1. ischemic load defined as percentage that 
episodes of myocardial ischemia accounted 
throughout the recording 
 
Ischemic load 
The percentage represented by myocardial ischemia 
throughout the AECG recording was defined as 
ischemic load. Among the IHD+ women, 15 out of 
75 (54%) presented episodes of ischemia on Holter 
ECG and 38 out of 69 (43%) among IHD- women.  
But the IHD+ group had a higher mean ischemic 
load (15%) compared with IHD- group (4,7%) (fig. 
2), a difference that was highly significant (p<0,01). 

The ischemic load of patients who presented both 
anterior diagnosis of IHD and ischemia on AECGm 
was 27.79%. 

 
Fig. 2. Representation of ischemic load in 
percentage (IHD+ = ischemic heart disease group, 
IHD- = control group) 
 
Duration of ischemia 
The mean duration of ischemic episodes was 174,16 
± 380,75 minutes with limits between 1 and 2063 
minutes in the IHD+ group and 59,44 ± 209,02 
minutes in the IHD- group (p<0.01) with limits 
between 1 and 1436 minutes (fig. 3). The mean 
duration of patients who presented both anterior 
diagnosis of IHD and ischemia on AECGm was 
315.81 min.  

 
Fig. 3. Representation of ischemia episodes duration 
in minutes (IHD+ = ischemic heart disease group, 
IHD- = control group) 
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Discussions 
Cardiovascular risk factors 
Declining trends in cardiovascular risk factors have 
been observed predominantly regarding lower 
smoking rates, serum cholesterol and blood pressure 
(8,9). The incidence of fatal myocardial infarction 
has decreased in both sexes, but studies suggest that 
the reduction in non-fatal myocardial infarction may 
be lesser in middle-aged and younger women than in 
men of the same age (10). In our study, 
cardiovascular risk factors were frequently 
encounter in the IHD+ group but with no statistically 
significant difference between women with and 
those without IHD diagnosis. In the group of women 
with IHD and ischemic episodes on AECGm, a 
significant higher prevalence of cardiovascular risk 
factors (hypertension, obesity and diabetes mellitus) 
was observed. Obesity was the more important 
cardiovascular risk factor seen in our results, with a 
significant contribution to ischemia episodes and 
ischemic load. 
 
Echocardiographic parameters 
Quantitative assessment of cardiac function is 
important for diagnosis and management of 
cardiovascular diseases. Even though it is not the 
best tool, left ventricular ejection fraction is the most 
commonly assessed parameter for cardiac function 
and is frequently mentioned in guidelines for 
diagnosis and treatment of ischemic and non-
ischemic heart disease, arrhythmias, valvular heart 
disease, heart failure, etc (11). In our study, no 
difference was observed between women in IHD+ 
group vs. IHD- group or ischemia group vs non-
ischemia group regarding echocardiographic 
parameters.  
 
AECGm parameters 
Heart rate 
AECGm provides minimal, mean and maximal heart 
rate (HR), heart rate variability, arrhythmic and 
ischemic events. The mean resting HR in patients 
with IHD increases approximately 20 bpm prior to 
the onset of ischemic episodes; therefore, the 
explanation of ST segment depression could be 
demand related ischemia (12). No difference was 
observed in our study regarding heart rate values 
between IHD+ and IHD- group or ischemia group vs 
non-ischemia. Maximal heart rate was observed as 
having a significant contribution in ischemic 

episodes prediction in our study. 
Atrial fibrillation 
Ischemia episodes are associated with anatomic 
changes in myocytes like cellular degeneration, 
hypertrophy and fibrosis demonstrated through 
anatomopathological studies (13) and are considered 
factors that increase rates of arrhythmias in patient 
with IHD. Reports suggest that atrial fibrillation is 
associated with increased mortality in patients with 
IHD (14). In our study, there have been significantly 
more patients with atrial fibrillation in the IHD+ 
group than in the IHD- group. We documented a 
significantly high number of patients (20%) which 
presented both ischemic episodes and atrial 
fibrillation episodes on AECGm. The presence of 
atrial fibrillation had a significant contribution in all 
major variables from our study: ischemia episodes, 
ischemic load and duration of ischemic episodes.   
 
Ischemia episodes 
Detection of cardiac ischemia is of major importance 
in the prevention of sudden cardiac death and acute 
myocardial infarction, therefore patients with 
minimal symptoms of ischemic heart disease should 
be investigated to establish the diagnosis of IHD. 
AECGm is a low-cost, easy-to-perform, easy-to-
interpret diagnostic tool that has a high value in 
diagnosing IHD (15). It is an effective tool for: 
diagnosing silent ischemia episodes in patients 
without prior diagnosis of IHD; assessing the 
frequency and duration of ischemic episodes for 
patients with IHD and for risk stratifying by 
identifying those at increased risk for future 
cardiovascular events or death; monitoring of the 
effectiveness of therapy in patients with IHD (16). 
Ischemia episodes occur during physical exertion or 
at rest in about 70-80% of patients with IHD and 
interfere with daily activities in 30-50% of them 
(15). It was previously shown that episodes of ST-
segment depression events during AECGm correlate 
with the exercise ECG findings (16). AECG 
detection of ischemia episodes has significant 
prognostic information beyond the findings that are 
obtainable during exercise testing (16). In a study, 
86 patients with IHD and abnormal exercise ECGs 
were followed for a mean of 12.5 months: during 
follow-up, there were 21 major cardiovascular 
events, excepting 1, all of these events occurred in 
patients with AECGm evidence of ST-segment 
depression.  By multivariable analisys, only ST-
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segment depression during  AECGm and not ST-
segment depression during exercise testing, 
significantly predicted worse outcomes (17). In our 
study, only obesity, maximal heart rate and atrial 
fibrillation episodes were found to significantly 
predict ischemic episodes in multivariate analysis. 
Continuous ECG monitoring could detect episodes 
of ischemia secondary to microvascular coronary 
disease, which are not detected at coronary 
angiography, currently considered the gold standard. 
In our study we demonstrate that ischemia detected 
by ST segment depressions on 24-hour AECGm is 
prevalent in over half of women included in the 
study, 53 % vs 42% in the IHD+ compared to 
matched reference subjects (IHD-). The distinction 
between these two groups consisted of different 
duration and ischemic load.  
It has been shown that the presence of myocardial 
ischemic episodes with increased duration is 
associated with increased incidence of acute 
coronary events and mortality (2). In our study the 
duration of ischemic episodes was longer in the 
IHD+ group with statistically significance. The 
threshold value for an ischemic episode that is 
associated with potential IHD from our findings was 
establish as greater than 174 minutes. The value for 
duration episodes in IHD+ women that had also 
ischemic episodes on AECGm was 315 minutes. We 
recommend this value in using AECGm as a tool for 
IHD diagnosis. In multivariate analysis was 
observed that only presence of atrial fibrillation was 
significantly predicting duration of ischemic 
episodes.    
Studies (18,19) demonstrated that ischemic episodes 
on AECGm independently predict adverse 
outcomes. In a study of 107 patients with chronic 
stable angina, 43% subjects with one or more 
ischemic episode were found to have a threefold 
increase in risk of cardiac death in the two year 
follow up period compared to those with no 
ischemic episodes (19). Our study demonstrated a 
high burden of ischemia in IHD+ women, consistent 
with prior reports (20) with obesity and atrial 
fibrillation episodes being predictors for ischemic 
load. The threshold values for ischemic load in our 
study was observed to be greater than 15%. The 
value for ischemic load in IHD+ women that had 
also ischemic episodes on AECGm was 27% 
minutes. We recommend this value in using 
AECGm as a tool for IHD diagnosis.  

AECGm could be useful for detecting ischemic 
episodes in other patients like heart transplantation 
and coronary vascular allograft reciepents (21). Due 
to the fact that they have denervated hearts, they 
rarely present typical angina symptoms. Our 
proposed model of ischemia episodes detection and 
characterisation through episodical duration and 
ischemic burden could be helpfull in this specific 
cathegory of patients, but further research is nedeed.  
 
Study limitations 
A limitation of our study is the fact that we did not 
made a differentiation between silent and 
symptomatic episodes of myocardial ischemia. We 
also did not systematically collect information on 
sleep, physical, and mental activity, conditions that 
could modify heart rate and ST segment changes.  
 
Conclusion 
Although myocardial ischemia episodes were also 
present in IHD- group, our study demonstrated that 
the diagnosis of IHD can be established by AECGm 
using the threshold values of ischemic load (> 27%) 
and episodical ischemic duration (> 315 minutes). 
The use of AECGm increased the chance of 
detecting myocardial ischemia. The results of this 
study are important because they demonstrate the 
usefulness of AECGm as a reliable tool for 
diagnosis of IHD in a population that globally, is 
underdiagnosed and undertreated due to classical 
diagnostic methods which have a low efficiency in 
female population. 
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