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A B S T R A C T   

Background: There is lack of studies exploring the incidence and association with diseases of the S1S2S3 elec
trocardiogram (ECG) pattern in the general population. 
Subjects and methods: This population study included 6299 individuals aged 30+, and explored the prevalence 
and association between S1S2S3 and cardiovascular and pulmonary diseases. Criteria for the S1S2S3-I and 
S1S2S3-II ECG pattern were fulfilled when there was an S wave in the leads I, II and III, and the S-wave amplitude 
was greater than the R-wave amplitude in one or two of the leads, respectively. 
Results: The S1S2S3-I ECG pattern was found in 2332 subjects (36.9%). After age adjustment, hypertension was 
associated with S1S2S3-I (Odds ratio [OR] 1.25, 95% CI 1.12–1.41, p < 0.001). This age-adjusted association was 
statistically significant among men but not among women (OR 1.37, 1.16–1.62, p < 0.001 and OR 1.13, 
0.97–1.33, p = 0.126, respectively). The S1S2S3-II ECG pattern was present in 193 subjects (3.1%). After age 
adjustment, heart failure proved to be associated with S1S2S3-II (OR 1.85, 1.18–2.90, p = 0.007). Dividing the 
population by sex, resulted in a statistically significant age-adjusted association for men but not for women (OR 
2.30, 1.22–4.33, p = 0.010 and OR 1.59, 0.83–3.03, p = 0.159, respectively). Interactions with sex were sta
tistically non-significant. 
Conclusion: In the general adult population, the prevalence of the S1S2S3 ECG pattern is markedly affected by the 
diagnostic ECG criteria. The S1S2S3-I pattern was associated with hypertension, while S1S2S3-II was associated 
with heart failure, and both associations were enhanced in men. The associations with other studied cardio
vascular and pulmonary diseases were minor and not clinically useful for risk stratification.   

Introduction 

When the final electrical forces of the QRS complex in the 12‑lead 
electrocardiogram (ECG) are oriented superiorly and to the right, S 
waves appear in the leads I, II and III [1,2]. Various definitions for the 
S1S2S3 ECG pattern exist. Some clinicians and scientists apply this term 
to all cases with an S wave in each of the standard leads I, II and III, 
regardless of magnitude, while others restrict the term to ECGs, where 

the amplitude of the S wave in these leads equals or exceeds the 
amplitude of the R wave in one or more of the leads [3]. 

The S1S2S3 sign has been associated with pulmonary embolism, 
chronic obstructive pulmonary disease (COPD), and obstructive sleep 
apnea and with right ventricular hypertrophy in children with congen
ital heart disease [1,4–7]. However, other authors found no clear asso
ciation between the S1S2S3 pattern and pulmonary embolism or COPD 
[8–11]. However, the S1S2S3 ECG pattern has also been considered as 
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representing minor normal variation of intraventricular conduction 
[12]. 

The aim of this study was to explore the prevalence and association 
with cardiovascular and pulmonary disease and diabetes of the S1S2S3 
ECG morphology in the general population using different pre-specified 
S1S2S3 ECG criteria. 

Material and methods 

Study population 

This study was based on the Health 2000 Study, which is a major 
Finnish health examination survey carried out in 2000–2001, repre
senting a stratified random cluster sample of the adult Finnish popula
tion. For the population aged ≥80 years, the sampling probability was 
twice as high as among those <80 years. The implementation of the 
survey has been described in detail elsewhere [13]. 

The Health 2000 sample comprised 8028 individuals (3637 men and 
4391 women) aged 30+, of whom 79% (6354 individuals, 2876 men 
and 3478 women) participated in the health examination. The National 
Hospital Discharge Register and the national register on rights to re
imbursements for medication costs were linked to the Health 2000 
Survey data. The study protocol of the Health 2000 survey was approved 
by the Epidemiology Ethics Committee of the Helsinki and Uusimaa 
Hospital District. The participants in the survey signed an informed 
consent both before the health interview and at the beginning of the 
health examination. 

ECG registration and analysis 

Standard 12‑lead resting ECGs were obtained in supine position by 
using MAC 5000 electrocardiographs (Marquette Hellige, Freiburg, 
Germany and Milwaukee, WI, USA). ECGs were recorded at a paper 
speed of 50 mm/s using 150 Hz filter. For further analysis, the study 
ECGs were sent to the Social Insurance Institution's research center in 
Turku and Minnesota coding was performed at the Institute of Cardi
ology, Kaunas Medical Academy, Lithuania, by two investigators. At 
each stage of the ECG analysis, researchers were blinded to the clinical 
data of the participants. Magellan software program (Marquette Elec
tronics Inc., Milwaukee, WI, USA) was used for ECG analysis. The 
repeatability of the Minnesota coding was confirmed by 200 repetitions. 
We excluded 55 participants of the survey from our study because of 
missing ECG. 

For this study, special emphasis was put on the analysis of the limb 
leads I, II, III and precordial lead V1. Variables for the different analyzes 
were generated using the amplitudes of the S and R waves, the duration 
of the QRS complex and the QRS morphology in lead V1. Based on the 
automatic ECG measurements, the ECGs were divided into separate 
categories, which are described in detail in Table 1 and shown as ECG 
examples in Fig. 1-2. We also combined the four different S1S2S3 

morphologies defined in Table 1 (S waves in 0–3 of the leads I, II and III) 
with additional ECG criteria; these were: S1S2S3–150 (S-wave ampli
tude ≥1.5 mm in all the leads I, II, III), S2 ≥ S3 (the S wave in lead II 
greater than or equal to the S wave in lead III, QRS duration ≥120 ms 
and R-prime in lead V1. 

Definition of diseases 

Classification of coronary heart disease (CHD) required at least one 
of the following: diagnosed angina pectoris, myocardial infarction, 
percutaneous coronary intervention (PCI) or bypass surgery by exam
ining physician; diagnosed PCI or bypass surgery in the health interview; 
ICD-codes 410–414 (ICD8/9) or I20-I25 (ICD10) in the Care Register for 
Health Care before the reference date of the study; the right for drug 
reimbursements for CHD. Classification of myocardial infarction 
required either a diagnosis of a history of a myocardial infarction by the 
examining physician, large Q waves in the resting ECG or a history of 
myocardial infarction in the Care Register for Health Care, ICD-codes 
410 (ICD 8/9) or I21-I22 (ICD10). LVH was defined by Minnesota 
code criteria 3–1, 3–3 or 3–4 [14]. 

Cerebrovascular disease was defined as a documented history of 
ischemic or hemorrhagic stroke, or transient ischemic attack, including 
a stroke diagnosis confirmed by a physician at the health examination. 
Peripheral arterial disease was defined as a documented history of 
atherosclerosis of the lower extremities or typical symptoms of claudi
cation. Chronic heart failure was defined as a documented history of 
congestive heart failure or a positive response to the medication for 
heart failure. The definition of arrhythmias included both supraven
tricular and ventricular arrhythmias. The category “Other cardiac dis
ease” was not specified. Evidently, valvular diseases and 
cardiomyopathies were included. 

For the diagnosis of COPD, asthma, chronic bronchitis and “Other 
pulmonary disease”, information gathered during the health interview 
was used. 

Diabetes diagnosis required a serum fasting glucose level ≥ 7.0 
mmol/l or use of oral hypoglycemic agents or insulin. 

Height, weight and waist circumference were measured and body 
mass index (BMI) was calculated. Blood pressure was measured with 
mercury manometer (Mercuro 300, Speidel & Keller, Juningen, Ger
many) after patient rested for 5 min in sitting position. The cuff was 
attached to the right upper arm and two measurements were taken. The 
second measurement was taken two min after the first one and the 
measurements were averaged. Hypertension was defined as systolic 
pressure ≥ 140 mmHg and/or diastolic pressure ≥ 90 mmHg and/or use 
of antihypertensive drug. 

Serum triclycerides, total cholesterol, high-density lipoprotein 
cholesterol (HDL–C), low-density lipoprotein cholesterol (LDL-C) and 
plasma glucose concentrations were determined using enzymatic 
method. Serum γ-glutamyltransferase (GT) was determined using the 
kinetic method. 

Statistical analysis 

Statistical analyses were performed using SPSS statistics version 25. 
Baseline study characteristics were compared by presence and absence 
of the ‘particular’ S1S2S3 pattern using the t-test for continuous vari
ables and the chi square for categorical variables. 

Logistic regression model was used for age-adjusted analyzes. The 
analyses were done separately for both sexes. The ECG parameters 
described in Table 1 were used to generate variables for the ECG pat
terns. A p-value of <0.05 was considered as statistically significant. 
Unadjusted and age adjusted logistic regression analysis was used to 
study the association between main ECG features (outcome variables) 
and prevalent medical conditions at baseline (outlined in Table 2). The 
analyses were also repeated after sex stratification. 

Table 1 
The titles, definitions and prevalence of the ECG categories.  

Title of ECG 
pattern 

Definition of ECG criteria Prevalence 
n = 6299  
n % 

S1S2S3–0 S < R in all the leads I, II and IIIa 4294 68.2 
S1S2S3-I S > R in one of the leads I, II, IIIa 2332 36.9 
S1S2S3-II S > R in two of the leads I, II, IIIa 193 3.1 
S1S2S3-III S > R in all the leads I, II, IIIa 1 0.0 

S1S2S3–150 
S-wave amplitude ≥1.5 mm in all the leads I, 
II, IIIa 423 6.7 

S2 ≥ S3 S wave in lead II greater than or equal to the S 
wave in lead III 

1475 23.4 

R prime Existence of a second R wave in lead V1 488 7.7  

a The definition includes existence of an S wave in all the leads I, II and III. 
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Fig. 1. The ECG (50 mms/s) of a 40-year-old man with no known cardiovascular disease. The S-wave amplitude is greater than the R-wave amplitude in lead III but 
not in leads I and II. Thereby, the criteria for S1S2S3-I are fulfilled. The frontal QRS axis is +4◦ and the QRS duration 96 ms according to automatic measurement. 

Fig. 2. The 12‑lead ECG (50 mm/s) of a 36-year old man with no known cardiovascular disease. The criteria for S1S2S3-II are fulfilled: the S-wave amplitude is 
larger than the R-wave amplitude in leads II and III but not in lead I. The frontal QRS axis is − 67◦ and QRS duration 104 ms in automatic measurement. There is 
fragmentation of the S wave in lead V1 and a rather prominent S wave in lead V6 possibly indicating incomplete right bundle branch block. The criteria for left 
anterior fascicular block are not fulfilled, because the S wave in lead II is deeper than the S wave in lead III. 
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Results 

The study population consisted of 6299 individuals, of which 3442 
(54.6%) were women and 2857 (45.4%) men. Table 1 shows the prev
alence of the different ECG categories. Table 2 shows the baseline 
characteristics and association with diseases for the whole study popu
lation. The most frequent diseases were hypertension (30.7%), 
arrhythmia (14.8%) and asthma (9.1%). 

The S1S2S3–0 morphology proved to be a very common ECG finding 
present in 4294 individuals 68.2%. As S1S2S3–0 is a normal finding, this 
ECG pattern was not included in the statistical analyses. The S1S2S3-III 
pattern also had to be excluded from further analysis, because only one 
individual proved to have S > R in all the leads I, II and III. 

S1S2S3-I ECG pattern analyses 

The S1S2S3-I pattern was found in 2332 subjects (36.9%). As shown 
in Table 3, individuals with the S1S2S3-I were older, heavier, and they 
had a higher BMI and waist circumference. They also had higher levels 
of total cholesterol, LDL-cholesterol, triglycerides and GT, compared to 
those without this ECG finding. 

After age adjustment, hypertension was the only disease category 
associated with the ECG S1S2S3-I pattern with an odds ratio (OR) of 
1.25 (95% confidence interval [CI] 1.12–1.41, p < 0.001) (Table 4). 
When dividing the population by sex, there was an association for men 
(OR 1.37, 1.16–1.62, p < 0.001), but not for women (OR 1.13, 
0.97–1.33, p = 0.126). Interaction with sex was statistically non- 
significant. 

In the S1S2S3-I category, broad QRS (≥120 ms) was found in 97 
individuals (1.5%), R-prime in lead V1 in 180 subjects (2.8%), and the 
S2 ≥ S3 finding in 228 subjects (3.6%); the percentages are of the whole 
study population. Due to the small number of individuals remaining, 
when S1S2S3-I was combined with any of these additional criteria, 
statistical analyses were not considered meaningful. 

S1S2S3-II ECG pattern analyses 

The S1S2S3-II pattern was distinctly less frequent then the S1S2S3-I 
pattern (n = 193, 3.1%). Table 5 shows the baseline characteristics and 
association with the diseases for the S1S2S3-II criteria. The subjects with 
the S1S2S3-II pattern were clearly older than those without the ECG 
pattern. Accordingly, age adjustment had major effect on the results: 
only heart failure proved to be associated with the ECG pattern (OR 
1.85, 95% CI 1.18–2.90, p = 0.007) (Table 6). This was also the case 
when analyzing separately for men (OR 2.30, 1.22–4.33, p = 0.010), but 
not for women (OR 1.59, 0.83–3.03, p = 0.159). Interaction with sex was 
statistically non-significant. 

In the S1S2S3-II category, prolonged QRS was found in 28 (0.4%) 
and R-prime in lead V1 in 24 subjects (0.4%), and S2 ≥ S3 in 24 in
dividuals (0.4%) (% of the whole study population). Thereby, statistical 
analysis for combined criteria were not considered meaningful. 

Table 2 
The baseline characteristics and association with diseases for the whole study 
population (n = 6299).   

Mean/n SD/% 

Age 52.8 14.9 
Height (cm) 168.2 9.8 
Weight (kg) 76.4 15.5 
Body mass index (kg/m2) 26.9 4.7 
Waist circumference (cm) 92.7 13.3 
Glucose (mmol/l) 5.6 1.2 
Total cholesterol (mmol/l) 5.94 1.12 
HDL-cholesterol (mmol/l) 1.33 0.38 
LDL-cholesterol (mmol/l) 3.71 1.06 
Triglycerides (mmol/l) 1.6 1.0 
C-reactive protein (mg/l) 2.3 6.3 
γ-glutamyltransferase (U/l) 36.2 47.0 
Uric acid (mol/l) 301.8 81.7 
Asthma 570 9.1 
COPD 83 1.3 
Chronic bronchitis 308 4.9 
Other lung disease 604 9.6 
Myocardial infarction 247 3.9 
Angina pectoris 405 6.5 
Heart failure 267 4.3 
Arrhythmia 931 14.8 
Other cardiac disease 284 4.5 
Hypertension 1929 30.7 
Stroke 154 2.5 
Peripherial arterial disease 113 1.8 
Diabetes 350 5.6 

COPD, chronic obstructive pulmonary disease. 

Table 3 
The baseline characteristics and association with diseases for the S1S2S3-I 
criteria.   

S1S2S3-I + S1S2S3-I -   

Mean/n SD/% Mean/n SD/% p-value 

Age 55.4 14.9 51.3 14.7 <0.001 
Height (cm) 168.5 10.0 168.1 9.8 0.124 
Weight (kg) 79.8 15.8 74.3 14.9 <0.001 
Body mass index (kg/m2) 28.1 4.6 26.3 4.6 <0.001 
Waist circumference (cm) 96.3 12.9 90.6 13.1 <0.001 
Glucose (mmol/) 5.7 1.4 5.5 1.2 <0.001 
Total cholesterol (mmol/l) 6.06 1.13 5.87 1.11 <0.001 
HDL-cholesterol (mmol/l) 1.29 0.36 1.36 0.38 <0.001 
LDL-cholesterol (mmol/l) 3.84 1.06 3.64 1.05 <0.001 
Triglycerides (mmol/l) 1.7 1.1 1.5 1.0 <0.001 
C-reactive protein (mg/l) 2.3 5.2 2.2 6.9 0.600 
γ-Glutamyltransferase (U/l) 39.2 48.3 34.5 46.1 <0.001 
Uric acid (μmol/l) 315.3 81.1 293.8 81.0 <0.001 
Asthma 232 10.0 338 8.6 0.061 
COPD 32 1.4 51 1.3 0.783 
Chronic bronchitis 131 5.6 177 4.5 0.043 
Other lung disease 235 10.1 369 9.4 0.336 
Myocardial infarction 112 4.8 135 3.4 0.006 
Angina pectoris 172 7.4 233 5.9 0.022 
Heart failure 117 5.0 150 3.8 0.020 
Arrhythmia 372 16.0 559 14.2 0.050 
Other cardiac disease 116 5.0 168 4.3 0.180 
Hypertension 830 35.7 1099 27.8 <0.001 
Stroke 67 2.9 87 2.2 0.096 
Peripheral arterial disease 44 1.9 69 1.7 0.679 
Diabetes 136 5.8 214 5.4 0.473 

SD, standard deviation; COPD, chronic obstructive pulmonary disease. 

Table 4 
Age-adjusted logistic regression analysis for the association between the S1S2S3- 
I ECG pattern and prevalent medical conditions at baseline.     

S1S2S3-I OR (95% CI) p-value 
Asthma 1.09 (0.92–1.31) 0.326 
COPD 0.88 (0.56–1.38) 0.569 
Chronic bronchitis 1.11 (0.88–1.41) 0.380 
Other lung disease 0.95 (0.80–1.13) 0.566 
Myocardial infarction 1.02 (0.79–1.34) 0.859 
Angina pectoris 0.87 (0.70–1.08) 0.213 
Heart failure 0.89 (0.69–1.16) 0.395 
Arrhythmia 0.98 (0.85–1.14) 0.795 
Other cardiac disease 1.06 (0.83–1.35) 0.648 
Hypertension 1.25 (1.12–1.41) <0.001 
Stroke 0.98 (0.70–1.36) 0.879 
Peripheral arterial disease 0.83 (0.56–1.22) 0.335 
Diabetes 0.87 (0.69–1.09) 0.230  
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S1S2S3–150 ECG pattern analyses 

The S1S2S3–150 pattern — an S wave in all the three leads I, II and 
III with an amplitude of at least 1.5 mm — was found in 423 subjects 
(6.7%). Of these, 80 subjects (18.9%) had an associated S2 ≥ S3 pattern. 
After age adjustment, the S1S2S3–150 pattern was associated with 
Other cardiac disease (OR 1.68, 95% CI 1.13–2.49, p = 0.010), but the 
association with Other lung disease was negative (OR 0.61, 0.41–0.91), 
p = 0.015). 

Discussion 

In the present study, we explored the prevalence of the S1S2S3 ECG 
pattern and its association with cardiovascular and pulmonary disease 
and diabetes in a nation-wide Finnish population aged 30+. We used 
different criteria for the S1S2S3 ECG pattern. We found that an ECG 
pattern with S waves in all the three leads I, II and III, and a larger 
amplitude of the S wave than the R wave in one of the three leads 
(S2S2S3-I pattern), was present in about one third of the study cohort 

(36.9%, n = 2332). Using the requirement of S > R in two of the leads I, 
II and III (S1S2S3-II), the prevalence dropped dramatically to 3.1% (n =
193) of the subjects. Also, adding an amplitude requirement to the 
criteria (S1S2S3–150, S-wave amplitude ≥1.5 mm in all the leads I, II 
and III) also resulted in a small sub-cohort of 423 subjects (6.7%). Only 
one subject fulfilled the criteria for the S1S2S3-III pattern. These 
numbers and rates meant that despite the rather large cohort of studied 
individuals, it was not possible to perform meaningful statistical ana
lyses using all the chosen definitions of the S1S2S3 criteria; this was 
especially the case when QRS ≥120 ms, S2 ≥ S3 or R-prime in lead V1 
was added to the S1S2S3 criteria. 

Previous investigators considered the existence of an S wave in all 
the three leads I, II and III as a frequent finding in the normal population 
[3]. Our study showed that more than two thirds (68.2%) of the general 
Finnish population aged 30+ fulfill these ECG criteria. We can conclude 
that this is a normal ECG finding. 

In a large study of adult male individuals from the United States, Hiss 
et al. reported a 24% prevalence of the S1S2S3 pattern [12]. They 
considered this finding as representing minor normal variation of 
intraventricular conduction, but the definition of the ECG manifestation 
was not reported. Burch and de Pasquale defined S1S2S3 as S waves in 
the leads I-III with S2 > S3 [15]. In our study, only 252 individuals had 
S2 ≥ S3 and either S1S2S3-I or S1S2S3-II. The S1S2S3 pattern is not a 
typical finding of left anterior fascicular block, where, by definition, the 
S wave in lead III is deeper than the S wave in lead II, and typically, there 
is no S wave in lead I [16]. In men without apparent heart disease, the 
development of marked left axis deviation was a risk marker for the 
development of ischemic heart disease, but the S1S2S3 pattern was 
considered as a low-risk ECG category [17]. 

We found a positive association between the S1S2S3-I pattern and 
hypertension. This association proved to be even stronger among men 
when the analysis was stratified by sex. Among women, the association 
showed similar but weaker tendency and the observed associations were 
not statistically significant. Individuals with the S1S2S3-II pattern had a 
higher rate of known heart failure, and this association was found only 
in male subjects. The S1S2S3–150 ECG phenomenon was associated 
with the category Other cardiac diseases. This category included other 
diagnoses than coronary heart disease and heart failure, such as car
diomyopathies and valvular heart disease. 

Theoretically, the S1S2S3 pattern can be explained by variation in 
the position of the heart within the thoracic cavity, such as posterior 
location of the ventricular apex and with diseases in the basal regions of 
the heart, where the electrical activation appears late [2]. The supra
ventricular crest is one of the last structures to be depolarized in the 
human heart [18]. Hypertrophy and alterations of the Purkinje network 
of the supraventricular crest were associated with the S1S2S3 pattern 
[2,15,19,20]. The findings seem to be supported by data from body 
surface potential mapping, where activation delay in the right ventric
ular outflow tract was reported [21]. Results from experimental studies 
indicated that localized defects in the peripheral conduction system, 
especially of the right bundle branch, affects the last portion of the QRS 
complex [22]. This in turn could results in the S1S2S3 pattern and R 
prime in lead V1. 

S waves appear in the leads I, II and III when the final electrical forces 
of the QRS complex are oriented superiorly and to the right, opposed to 
the electrical forces of the left ventricular free wall [1,2]. This phe
nomenon is typical for diseases affecting the right side of the heart. In 
pediatric patients, prominent S waves in all the three standard leads 
were associated with congenital heart disease, especially those with 
manifestations of right ventricular hypertrophy and pulmonary hyper
tension [4]. 

In chronic cor pulmonale, a state with pulmonary hypertension, the 
S1S2S3 sign was a strong predictor of death, and most of the studied 
patients with the ECG manifestation had radiological signs of hyperin
flation of the lungs [23]. The authors did not report the definition for the 
S1S2S3 diagnosis in the study. In patients with a suspicion of acute 

Table 5 
The baseline characteristics and association with disease for the S1S2S3-II 
criteria.   

S1S2S3-II + S1S2S3-II -   

Mean/n SD/% Mean/n SD/% p-value 

Age 64.1 14.2 52.4 14.8 <0.001 
Height (cm) 168.2 10.0 168.2 9.8 0.983 
Weight (kg) 76.6 15.7 76.4 15.5 0.825 
Body mass index (kg/m2) 27.0 4.5 26.9 4.7 0.827 
Waist circumference (cm) 95.6 12.6 92.6 13.3 0.002 
Glucose (mmol/l) 5.9 1.5 5.6 1.2 0.002 
Total cholesterol (mmol/l) 6.02 1.19 5.94 1.12 0.300 
HDL-cholesterol (mmol/l) 1.24 0.35 1.33 0.38 0.001 
LDL-cholesterol (mmol/l) 3.80 1.12 3.7 1.06 0.260 
Triglycerides (mmol/l) 1.8 1.2 1.6 1.0 0.001 
C-reactive protein (mg/l) 2.8 5.7 2.2 6.3 0.199 
γ-glutamyltransferase (u/l) 45.5 65.7 35.9 46.2 0.005 
Uric acid (μmol/l) 331.5 89.9 300.8 81.3 <0.001 
Asthma 21 10.9 549 9.0 0.362 
COPD 3 1.6 80 1.3 0.742 
Chronic bronchitis 13 6.8 295 4.8 0.225 
Other lung disease 27 14.1 577 9.5 0.035 
Myocardial infarction 17 8.9 230 3.8 <0.001 
Angina pectoris 24 12.5 381 6.3 0.001 
Heart failure 29 15.1 238 3.9 <0.001 
Arrhythmia 42 21.9 889 14.6 0.005 
Other cardiac disease 15 7.8 269 4.4 0.027 
Hypertension 75 39.1 1854 30.5 0.011 
Stroke 14 7.3 140 2.3 <0.001 
Peripheral arterial disease 6 3.1 107 1.8 0.159 
Diabetes 17 8.9 333 5.5 0.044 

SD, standard deviation; COPD, chronic obstructive pulmonary disease. 

Table 6 
Age-adjusted logistic regression analysis for the association between the S1S2S3- 
II ECG pattern and prevalent medical conditions at baseline.  

S1S2S3-II OR (95% CI) p-value 

Asthma 1.00 (0.63–1.59) 0.995 
COPD 0.78 (0.24–2.50) 0.670 
Chronic bronchitis 1.03 (0.58–1.85) 0.912 
Other lung disease 1.13 (0.74–1.72) 0.583 
Myocardial infarction 1.17 (0.69–1.99) 0.567 
Angina pectoris 0.95 (0.60–1.51) 0.836 
Heart failure 1.85 (1.18–2.90) 0.007 
Arrhythmia 1.11 (0.77–1.58) 0.584 
Other cardiac disease 1.36 (0.78–2.36) 0.278 
Hypertension 1.03 (0.76–1.39) 0.855 
Stroke 1.70 (0.95–3.06) 0.076 
Peripheral arterial disease 0.98 (0.42–2.29) 0.967 
Diabetes 1.01 (0.60–1.70) 0.980  
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pulmonary embolism, S1S2S3 was more frequent in patients, where the 
diagnosis was verified with computerized tomographic pulmonary 
angiography, but the difference was only borderline significant (26.5% 
vs. 8.8%, p = 0.056), possible due to the low incidence of the ECG 
finding (24/136 patients) [9]. Other studies found no association be
tween S1S2S3 and pulmonary embolism [8,24,25]. S1S2S3 was also 
reported as a temporary finding in pneumonia and has also been asso
ciated with sleep apnea [7,26]. 

In patients with COPD, the spatial orientation of the heart and the 
insulating effect of the over-aerated lungs induce a late QRS vector 
oriented superiorly and to the right, resulting in a prominent S wave in 
leads I, II, III and V4-V6 [27]. Also other studies reported an association 
between the S1S2S3 pattern and chronic lung disease [1]. In the present 
study, we found no clear association between obstructive lung disease 
and the S1S2S3 pattern. There was an unexpected negative association 
with the category “Other lung disease”. We have no detailed data on the 
composition of this disease category, but it excludes a diagnosis of 
asthma, COPD and chronic bronchitis. 

In a study by Diaz-Gonzalez et al., the crista supraventricularis ECG 
pattern, defined as QRS duration ≤100 ms, S wave <40 ms in lead I or 
V6 and an RSR'pattern in lead V1, was found in 13.3% of 6401 young 
athletes, aged 5–16 y [28]. The proportion of athletes showing the 
S1S2S3 pattern was higher in those with the crista supraventricularis 
pattern compared with the other QRS morphologies, including incom
plete right bundle branch block. The authors considered late crista 
supraventricularis activation and posterior/rightward orientation of the 
apex of the heart as contributing to the ECG pattern. In the present 
study, R prime in lead V1 associated with S1S2S3 was a rather infre
quent finding, and no firm conclusions could be drawn regarding asso
ciation with diseases. 

The associations between S1S2S3 and diseases in the present study 
concerned hypertension, heart failure and other cardiac diseases. We 
have no definite explanations for these associations. All of these diseases 
may be related to left ventricular remodeling and to some part also to 
secondary right ventricular remodeling. Regarding the association with 
hypertension, left ventricular hypertrophy expressed as R-wave voltage 
increase in lead aVL shifts the frontal QRS axis to the left, but may also 
result in deepening of the S waves in leads II and III. However, it should 
not result in an S wave in lead I, except if there is some additional factor 
affecting the axis of the heart. 

Future studies should deal with the prognostic value of the S1S2S3 
pattern. It would also be important to establish the clinically most 
relevant diagnostic criteria for the ECG pattern: is the number of leads 
with S > R the critical issue or is the amplitude of the S wave more 
important? The diagnostic value and prognostic significance of the ECG 
pattern needs to be explored both in the general population and in pa
tients with cardiovascular or pulmonary disease. 

Study limitations 

The study has clear limitations; it is a population study with no im
aging data, which could have given more insight into possible associa
tion between the ECG findings and diseases. However, this is a rather 
large population study with standardized ECG recording and detailed 
ECG analyses. Only one ECG was available for each study participant. 
Follow-up ECGs might have given more insight into the studied topics. 
Follow-up data on morbidity and mortality were not collected. 

Conclusions 

The prevalence and association with diseases of S1S2S3 ECG pattern 
are markedly affected by the criteria used to detect the ECG finding in 
the general population. The S1S2S3-I ECG pattern was associated with 
hypertension, while S1S2S3-II was associated for heart failure and these 
both associations were enhanced in men. The associations with other 
studied cardiovascular and pulmonary diseases were minor and thus not 

clinically useful for risk stratification. 
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