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Associations of ECG Signs of Ischemic and Non-Specific 
Signs of Metabolic Changes in the Myocardium With 
Unfavorable Cardiovascular Prognosis in a 7-Year 
Prospective Follow-Up of Young People Under 45 Years

Aim	 To study ischemic and / or nonspecific ECG signs of metabolic changes in the myocardium and to 
determine their relationship with unfavorable cardiovascular prognosis in a 7‑year prospective observation 
of young people under 45 years of age.

Material and methods	 A cross-sectional population survey of a random sample aged 25–44 years (n=1363) was conducted 
in Novosibirsk. The survey program used the standardized epidemiological Rose questionnaire. 
Biochemical tests were used to measure blood concentrations of total cholesterol (C), triglycerides 
(TG), low- and high-density lipoprotein cholesterol (LDL–C, HDL–C), and fasting blood plasma 
glucose. Systolic and diastolic BP (SBP, DBP), the presence of arterial hypertension (AH), body mass 
index (BMI), waist circumference (WC), and smoking status were assessed. ECG was recorded at 
rest in 12 standard leads followed by interpretation according to the Minnesota Code. The presence 
of ischemic and / or nonspecific ECG signs of metabolic changes in the myocardium was determined. 
Subjects with ECG signs of ischemic changes in the myocardium were selected for long-term follow-
up and additional examination by cardiologists. Then the whole cohort was monitored for 7 years, 
and cardiovascular events were recorded, including using data from the WHO Myocardial Infarction 
Registry in Novosibirsk. For statistical analysis of the results, cardiovascular events were combined into 
a composite endpoint.

Results	 During 7 years, 40 people (27 men and 13 women) had an unfavorable cardiovascular prognosis. 
Multivariate regression analysis showed that a 7‑year unfavorable cardiovascular prognosis in people 
younger than 45 years was associated with signs of ischemic myocardial alterations identified on the 
background ECG (OR 5.319, 95 % CI: 1.543–18.342, p=0.008) and nonspecific ECG signs of metabolic 
changes in the myocardium (OR 2.978, 95 % CI: 1.216–7.216, p=0.017) regardless of age, gender, the 
presence of arterial hypertension (AH) and type 2 diabetes mellitus (DM2).

Conclusion	 In young people under 45 years of age, not only ECG signs of ischemic changes in the myocardium, but 
also nonspecific ECG signs of metabolic changes in the myocardium are associated with an unfavorable 
cardiovascular prognosis, directly and independently on age and gender, in a long-term, 7‑year period.
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Introduction
Cardiovascular diseases (CVD) remain the leading 

cause of mortality and disability in the working age 
population worldwide and in Russia. There is a known 
trend of increasing prevalence of CVD and its risk factors 
in the young population [1–5].

In epidemiologic studies, coronary artery disease 
(CAD) is traditionally defined by the presence of 
electrocardiographic (ECG) abnormalities, angina pec
toris according to the Rose questionnaire, and a history 
of myocardial infarction. In this case, the analysis of the 
ECG pattern plays a key role [6, 7].
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Cardiovascular risk factors can cause, among other 
things, the development of myocardial metabolic 
disorders and cardiomyopathies, the symptoms of 
which are not significant in the clinical picture of the 
disease. Disturbances in neuroendocrine effects and 
the development of myocardial energy and electrolyte 
deficiency and tissue hypoxia underlie this pathology 
[8–11]. ECG is also one of the best studied and most 
widely used diagnostic tools to detect conduction 
abnormalities, indirect signs of cardiac hypertrophy, and 
other nonspecific electrophysiological signs of myocardial 
metabolic disorders [12, 13].

The important prognostic role of electrocardiographic 
abnormalities in the development of cardiovascular 
events (cardiovascular death, fatal and non-fatal myo
cardial infarction, unstable angina, myocardial revas
cularization, and others) in isolation or in combination 
with traditional cardiovascular risk factors has been 
demonstrated in numerous prospective clinical and 
cohort studies. However, all results were obtained 
from observations in patients / populations older 
than 45 years [14–17]. Therefore, the objective of 
this study was to evaluate the prognostic value of ECG 
signs of ischemic changes or nonspecific ECG signs 
of myocardial metabolic abnormalities in relation to 
adverse cardiovascular prognosis in a 7 year prospective 
observational study of adults younger than 45 years (25–
44 years old).

Material and methods
A cross-sectional population study of a random 

sample of Novosibirsk residents aged 25–44 years was 
conducted in the Research Institute of Internal and 
Preventive Medicine (Branch of the Institute of Cytology 
and Genetics, Siberian Branch of Russian Academy 
of Sciences) in 2013–2017. The study was approved 
by the local ethics committee (Minutes #6 / 2013 of 
25 / 06 / 2013). All subjects signed an informed consent 
for the examination and processing of personal data.

This study included 1363 individuals who were 
examined at the Screening Center of the Research 
Institute of Internal and Preventive Medicine. A single 
blood sample was taken from the ulnar vein in the 
morning on an empty stomach, 12 hours after a meal. 
Lipid profile (total cholesterol (TC), triglycerides (TG), 
low-density lipoprotein cholesterol (LDL–C), and high-
density lipoprotein cholesterol (HDL–C)) and glucose 
were measured by enzymatic methods using standard 
reagents (TermoFisher, Finland) on a KoneLab 30i 
automated biochemical analyzer (TermoFisher, Finland).

The screening program included a smoking question
naire, anthropometry, and triple blood pressure (BP) 
measurements. The presence of diabetes mellitus was 
determined according to epidemiologic criteria (fasting 
plasma glucose (FPG) ≥7 mmol / L). The following CAD 
risk factors were assessed: smoking, elevated body mass 
index (BMI) >25 kg / m2, waist circumference (WC) ≥94 

ECG, electrocardiography; CVD, cardiovascular disease; DM, diabetes mellitus;  
CAD, coronary artery disease; CHF, chronic heart failure; OR, odds ratio; CI, confidence interval.

Cross-sectional study of a random sample of the population 
aged 25–44 in Novosibirsk (n = 1563, 47 % males, 53 % females). Cardiovascular risk factors 
(hyperlipidemia, hypertension, obesity, abdominal obesity, type 2 DM, smoking) and ECG 

signs of myocardial ischemic and metabolic changes were evaluated.

7-year follow-up of a cohort with a record of cardiovascular events or diseases (composite endpoint 
including cardiovascular death, CAD, myocardial infarction, CHF, stroke, and hypertensive heart disease)  

Unfavorable cardiovascular 
prognosis in 40 individuals 
(27 males and 13 females).

Adverse cardiovascular prognosis was directly associated with ECG signs 
of myocardial ischemic changes (OR 5.319, 95 % CI: 1.543–18.342, р = 0.008) 
and metabolic changes (OR 2.978, 95 % CI: 1.216–7.216, p=0.017) at baseline, 
independent of age, sex, and presence of hypertension and type 2 DM.

Central illustration. Association of ECG signs of myocardial ischemic changes and nonspecific signs of myocardial metabolic 
changes with adverse cardiovascular prognosis in the 7-year prospective follow-up of young adults under 45 years of age
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cm in male patients, ≥80 cm in female patients, presence 
of hypertension≥140 / ≥90 mm Hg, elevated LDL–C 
≥116 mg / dL or≥3 mmol / L, elevated TG ≥150 mg / dL 
or ≥1.7 mmol / L, elevated non-high-density lipoprotein 
cholesterol (non-HDL–C) ≥130 mg / dL or ≥3.4 mmol / L 
[18].

All patients enrolled in the study underwent a 12‑lead 
resting ECG with the interpretation using the Minnesota 
Code (MC) criteria. ECG signs of myocardial ischemic 
changes and the presence of CAD (according to the 
Definite CAD epidemiological criteria) were analyzed: 
exertional angina pectoris (positively completed WHO 
questionnaire ( J.  Rose questionnaire); resting ECG 
abnormalities – Q-QS waves – MС (1 2 1–1 2 7), ischemic 
myocardial changes MС (4–1, 4–2 and / or 5–1, 5–2) 
without 3–1, 3–3; a history of myocardial infarction 
(survey) [7]. ECG signs of myocardial ischemic changes 
and the presence of CAD (according to epidemiologic 
criteria) were detected in 46 of 1363 patients examined. 
All 46 patients were under continuous long-term follow-
up by cardiologists in the diagnostic department of the 
Clinic of the Research Institute of Internal and Preventive 
Medicine. Patients underwent additional examinations; 
existing cardiovascular risk factors were corrected, and 
medical therapy was prescribed as indicated.

The presence of non-specific ECG signs of myocardial 
metabolic changes was also analyzed: S-T segment 
elevation above the baseline >0.5 mm with downward 
convexity MC (9‑7‑1, 9‑7‑2), S-T segment depression 
below the baseline >0.5 mm of non-ischemic type (fast 
oblique S-T segment with a decrease of less than 0.15 
mV (1. 5 mm) from J point) MC (4–3, 4–4), abnormal T 
wave (flattening, smoothing and decrease in amplitude of 
T wave in leads where R wave is leading; biphasic in leads 
II, V3  – V6; double-humped in leads V2  – V6; negative 
in leads I, II, AVF, V3 – V6) MC (5–3, 5–4), TV1 >TV6 
syndrome (T amplitude in V1 exceeds T amplitude in 
V6 – as a sign of left ventricular myocardial load and early 
qualitative electrocardiographic sign of left ventricular 
hypertrophy (LVH)), ECG signs of LVH (Sokolow-Lyon 
criteria (S V1 + R V5 (V6)) ≥35 mm, Gubner-Ungerleider 
criteria (RI + SIII) >25 mm, R aVL>11 mm, R V5 (V6) 
≥27 mm, Cornell voltage criteria (R aVL + S v3) >28 
mm) – no specific code, but includes MC (3–1, 3–3) [7].

During the 7 year long-term follow-up of all patients 
examined (n=1363), new-onset cardiovascular events 
were registered in 40 patients (27 males and 13 females) 
with the use, among others, of the World Health 
Organization’s Acute Myocardial Infarction Registry 
program (WHO, Copenhagen, 1976; started on 
01 / 01 / 1977), which is implemented in the Research 
Institute of Internal and Preventive Medicine (Table 1). 

All events were combined into a composite cardiovascular 
endpoint for statistical analysis.

SPSS (IBM, USA) for Windows 17.0 was used for 
statistical processing of the results. The odds ratios (OR) 
and 95 % confidence intervals (CI) in the multivariate 
logistic regression model and the χ test were calculated. A 
95 % level of statistical significance was used.

Results
Based on the 7 year long-term follow-up data of the 

young cohort, we divided all subjects into subgroups 
with a favorable cardiovascular prognosis and an 
unfavorable prognosis (presence of the composite 
cardiovascular endpoint). According to the data in Table 
2, patients with an unfavorable cardiovascular prognosis 
at baseline were 6.1 times more likely to have ECG signs 
of myocardial ischemic changes (15.2 %) compared 
with patients with a favorable cardiovascular prognosis 
(2.5 %). Patients with an unfavorable cardiovascular 
prognosis at baseline were also 4.1 times more likely to 
have nonspecific ECG signs of metabolic myocardial 
changes (7.0 %) compared with patients with a 
favorable cardiovascular prognosis (1.7 %). In addition 
to ECG abnormalities, patients with an unfavorable 
cardiovascular prognosis at baseline were more likely to 
have elevated blood TG and TC (2.3‑fold), LDL–C and 
non-HDL–C (2‑fold), fasting plasma glucose (4.8‑fold), 
abdominal obesity (2.4‑fold), and hypertension 
(4.8‑fold) compared with those with a favorable cardio
vascular prognosis (Table 2).

Subsequent multivariate regression analysis showed 
that 7 year unfavorable cardiovascular prognosis in young 
people<45 years of age was associated with ECG signs 
of myocardial ischemic changes (detected at baseline) 
independent of age and sex, body mass index, waist 

Table 1. Cardiovascular events (composite 
endpoint) in a 7-year, prospective, observational 
study of young adults aged<45 years

Cardiovascular event 
(documented)

Number  
of patients Male/female

Cardiovascular death 7 6/1

CAD (stable/unstable exertional 
angina pectoris) 5 4/1

Myocardial infarction 4 3/1

Chronic heart failure 5 4/1

Ischemic stroke 3 2/1

Cerebrovascular disease 2 1/1

Hypertensive heart disease 
(hospitalized) 14 7/7

Total 40 27/13
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circumference, SBP, DBP, TC, TG, and blood creatinine 
(Table 3).

In addition, multivariate regression analysis showed 
that 7 year unfavorable cardiovascular prognosis in young 
people<45 years of age was associated with nonspecific 
ECG signs of myocardial metabolic changes (detected 
at baseline), independent of age, sex, body mass index, 
waist circumference, presence of hypertension, diabetes 
mellitus (according to epidemiologic criteria), non-
HDL–C, TG, and blood creatinine (Table 4).

Thus, not only ECG signs of myocardial ischemic 
changes, but also nonspecific ECG signs of myocardial 
metabolic changes detected at baseline in young 
subjects <45 years of age, independent of sex, age, 
and some risk factors, are directly associated with an 
unfavorable cardiovascular prognosis in the long-term 
7 year period.

Discussion
Numerous studies have been devoted to investigating 

the relationship between ECG abnormalities and adverse 
long-term cardiovascular prognosis, including those 
aimed at contrasting and comparing the effects of ECG 
abnormalities and conventional cardiovascular risk factors 
on the development of future adverse cardiovascular 
events in people over the age of 45. For example, Auer et al. 
concluded that the prediction of CAD using conventional 
cardiovascular risk factors is less accurate in a population 
of elderly people over 70 years of age than in middle-aged 
adults, and that on the contrary, ECG abnormalities are 
important for the prediction of CAD (acute myocardial 
infarction, death from CAD, hospitalization for unstable 
angina, or myocardial revascularization) [19]. Niu et 
al. investigated whether ECG abnormalities could be 
an additional factor in addition to the conventional 

Table 2. Prevalence of cardiovascular events (composite endpoint) in subgroups with risk factors at baseline, n (%)

Factor at baseline examination of the cohort,  
number of subjects assessed for the presence of the factor

Without 
composite 

cardiovascular 
endpoint, 

n=1323

With composite 
cardiovascular 

endpoint, n=40
р

Sex, n=1363
Male, n=654 627 (95.9) 27 (4.1)

0.012
Female, n=709 697 (98.3) 13 (1.7)

Ischemic changes on ECG, n=1363
No, n=1317 1284 (97.5) 33 (2.5)

0.0001
Yes, n=46 39 (84.8) 7 (15.2)

Nonspecific metabolic changes on ECG, n=1003*
No, n=817 803 (98.3) 14 (1.7)

0.0001
Yes, n=186 173 (93.0) 13 (7.0)

Smoking, n=1363
No, n=895 871 (97.3) 24 (2.7)

0.594
Yes, n=468 453 (96.8) 16 (3.2)

Elevated TG (≥ 1.7 mmol/L), n=1356**
No, n=1126 1100 (97.7) 26 (2.3)

0.015
Yes, n=230 218 (94.8) 12 (5.2)

Elevated TC (≥ 5.0 mmol/L), n=1356**
No, n=693 681 (98.3) 12 (1.7)

0.015
Yes, n=663 637 (96.1) 26 (3.9)

Elevated LDL-C (≥ 3.0 mmol/L), n=1356**
No, n=604 593 (98.2) 11 (1.8)

0.049
Yes, n=752 724 (96.4) 27 (3.6)

Elevated non-HDL-C (≥ 3.4 mmol/L), n=1356**
No, n=531 522 (98.3) 9 (1.7)

0.047
Yes, n=825 796 (96.5) 29 (3.5)

Diabetes mellitus (FPG≥7 mmol/L), n=1356**
No, n=1324 1290 (97.4) 34 (2.6)

0.001
Yes, n=32 28 (87.5) 4 (12.5)

Overweight, n=1363 
No, n=670 655 (97.8) 15 (2.2)

0.136
Yes, n=693 668 (96.4) 25 (3.6)

Abdominal obesity, n=1363
No, n=757 743 (98.2) 14 (1.8)

0.008
Yes, n=606 580 (95.7) 26 (4.3)

Hypertension, n=1363
No, n=1106 1087 (98.3) 19 (1.7)

0.0001
Yes, n=257 236 (91.8) 21 (8.2)

ECG, electrocardiography; FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol;  
LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol; 
* Only subjects with 2 or more ECG signs of myocardial metabolic changes are included in the group; 
** Only subjects who had blood drawn for biochemical studies are included in the group.
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cardiovascular risk factors in the long-term follow-up 
period. The authors concluded that the detection of ECG 
abnormalities at screening, in addition to conventional 
risk factors, may provide some improvement in the 
prediction of cardiovascular risk in high-risk individuals 
over 40 years of age [16]. Novo et al. concluded from 
their study that the combination of the EuroSCORE with 
ECG assessment may be a useful tool to prevent the risk 
of cardiovascular events in people without CVD over the 
age of 50 years [20].

Our findings suggest a significant role of not only 
myocardial ischemic changes but also nonspecific myo
cardial metabolic ECG abnormalities in the development 
of cardiovascular events in young adults under 45 years of 
age over a 7 year period. Our findings are consistent with 
previous similar prospective studies at the population 
level and studies conducted in selected clinical groups 
of CVD patients over 45 years of age. Krittayaphong et 
al. showed that in patients with CAD or cardiovascular 
risk factors older than 45 years, independent predictors 

of the development of the composite cardiovascular 
endpoint (cardiovascular death, nonfatal myocardial 
infarction, hospitalization for unstable angina, or heart 
failure) in the long-term period included baseline ECG 
abnormalities such as atrial fibrillation, LVH, abnormal Q 
wave, and intraventricular conduction delay [17]. Zhang 
et al. demonstrated the significance of Q / ST-T changes 
on ECG in individuals over 45 years of age as predictors 
of future fatal cardiac events and all-cause mortality [14]. 
Ricardo Pires et al. showed that detection of ECG signs of 
LVH in hypertensive individuals over 50 years of age is an 
independent predictor of cardiovascular events [15]. Shin 
et al. showed that the presence of ST segment, T wave, or 
PQ interval abnormalities on ECG was associated with 
worse cardiovascular outcomes (MACE, a composite 
endpoint including cardiovascular death, myocardial 
infarction, coronary artery disease, and stroke) over a 
12 year follow-up period in a population aged 40–69 years 
(n=8444) [21].

Conclusion
Thus, it can be concluded that the detection of ECG 

signs of not only myocardial ischemic changes but also 
non-specific signs of myocardial metabolic changes in 
young people under 45 years of age is very important for 

Table 3. Results of multivariate logistic regression 
analysis of associations of ECG signs of myocardial 
ischemic changes with the odds of having an unfavorable 
cardiovascular prognosis in the 7-year prospective 
follow-up of young people under 45 years of age

Parameters
B 

(regression 
coefficient)

OR 95 % CI p

Ischemic  
changes on ECG 1.671 5.319 1.543–

18.342 0.008

Age 0.131 1.140 1.037–
1.252 0.007

Sex (male) 1.098 2.998 1.020–
8.812 0.046

BMI 0.029 1.030 0.948–
1.119 0.490

WC 0.030 1.031 0.999–
1.063 0.056

SBP 0.021 1.021 0.999–
1.044 0.061

DBP 0.048 1.049 1.011–
1.089 0.011

TC 0.402 1.494 0.540–
4.130 0.439

TG 0.630 1.877 0.567–
6.211 0.302

Creatinine 0.036 1.036 1.000–
1.073 0.047

OR, odds ratio; CI, confidence interval; ECG, electrocardiography; 
BMI, body mass index; WC, waist circumference; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, 
triglycerides.

Table 4. Results of multivariate logistic regression analysis 
of associations of nonspecific ECG signs of myocardial 
metabolic changes with the odds of having an unfavorable 
cardiovascular prognosis in the 7-year prospective 
follow-up of young people under 45 years of age

Parameters

B (regres­
sion 

coeffici­
ent)

OR 95 % CI p

Nonspecific metabolic 
changes on ECG 1.091 2.978 1.216–7.216 0.017

Age 0.078 1.081 1.006–1.160 0.033

Sex (male) -0.562 0.570 0.216 -1.503 0.256

BMI 0.018 1.018 0.944–1.098 0.641

WC 0.011 1.011 0.980–1.043 0.501

AH 1.370 3.934 1.627–9.512 0.002

Diabetes mellitus 
(epidemiologic 
criteria)

1.496 4.463 1.247–15.977 0.021

Non-HDL-C 0.009 1.009 1.001–1.017 0.032

TG 0.061 1.063 0.751–1.505 0.730

Creatinine 0.022 1.022 0.984–1.063 0.259

OR, odds ratio; CI, confidence interval; ECG, electrocardiography; 
BMI, body mass index; WC, waist circumference; non-HDL-C, non-
high-density lipoprotein cholesterol; TG, triglycerides.
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assessing the risk of unfavorable long-term cardiovascular 
prognosis.

We showed that ECG signs of myocardial ischemic 
changes and nonspecific ECG signs of myocardial 
metabolic changes detected at baseline in young subjects 

<45 years of age, independent of sex, age, and some risk 
factors, are directly associated with an unfavorable 
cardiovascular prognosis in the long-term 7 year period.

Limitations
The population studied and followed for 7 years is young. 

Therefore, the number of cardiovascular disease / event 
endpoints was low. Therefore, all cardiovascular 
disease / event endpoints were combined into the 
composite endpoint to achieve statistical significance.
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