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ABSTRACT

Background: Partial and advanced interatrial block (IAB) and P terminal force (PTF) in lead V1 are markers of
atrial remodeling and risk factors for atrial fibrillation (AF). There is a lack of information about constancy and
possible factors influencing the development of these P-wave abnormalities.

Methods: The study sample consisted of 6058 Finnish participants (mean age 52.16 + 14.60 years, 45.0% male)
from the general population with an ECG taken in a health examination, and from 3224 of these participants,
who had a re-examination 11 years later. Risk factors for incident partial and advanced IAB and PTF were studied
using binomial logistic regression analysis, and the prognostic significance of these ECG changes for new AF was
studied using time-varying Cox regression analysis.

Results: The rate of reversal to normal of the studied ECG parameters were 47.4% for partial IAB, 40.0% for
advanced IAB and 79.3% for PTF. Age, male sex, hypertension, higher BMI, higher LDL cholesterol, ECG left
ventricular hypertrophy, use of beta blocker, and use of angiotensin-converting enzyme inhibitor or angiotensin
II receptor antagonist were independently associated with a risk to develop incident P-wave abnormality. Partial
IAB was independently associated with increased AF risk (HR 1.28 [95% CI 1.04-1.58]), as was also advanced
IAB (HR 1.72 [95% CI 1.07-2.75]).

Conclusion: Traditional cardiovascular risk factors increase the risk of a new P-wave abnormality. Partial and
advanced IAB are associated with increased AF risk. Surprisingly, P-wave abnormalities are often reversible
during long-term follow-up in the general population.

Background

Previous studies have shown a strong association between AF and atrial
fibrosis [5], and structural and electrophysiological remodeling are

Partial and advanced interatrial block (IAB) and biphasic P wave important background factors for AF. Atrial injury and atrial wall stretch
with a deep negative terminal deflection in lead V1 (P terminal force, lead to activation of fibroblasts and formation of fibrotic atrial cardio-
PTF [1]) in the standard 12-lead ECG have been associated with myopathy. IAB and PTF are markers of atrial remodeling. Disrupted
increased risk of atrial fibrillation (AF) in the general population [2-4]. interatrial conduction through the atrial septal wall leads to a
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prolongation of the P wave in the surface ECG [6]. In partial IAB, the
length of the P wave exceeds 120 ms, and in the advanced form, in
addition to P-wave prolongation, the P waves in the inferior leads (II, III
and aVF) are biphasic as a result of caudocranial activation of the left
atrium [7].

A previous study showed that P-wave abnormalities in the general
population can be highly reversible [8]. This raises the question about
the clinical significance of reversible P-wave abnormalities and options
for therapeutic interventions to prevent atriopathy. In previous studies,
the risk factors for P-wave abnormalities have been similar to those
linked to AF [8,9], even though there is scarcity of study data. Wider
understanding of the factors associated with the development of IAB and
PTF could also help to understand mechanisms leading to AF and enable
more targeted preventive interventions.

The aims of this study were to examine longitudinal changes and risk
factors for P-wave abnormalities, to re-evaluate earlier findings about
the associated risks of partial and advanced IAB to develop AF using
ECGs from two different time points, as well as to study the associated
risk of PTF for AF development with similar methods.

Methods
Study population

This study is based on the Health 2000 and Health 2011 surveys that
were carried out in the years 2000-2001 and 2011-2012 in Finland. The
Health 2000 population was designed to cover a nationally represen-
tative population sample of the Finnish population and consisted of
8028 individuals aged 30+, of whom 79% (6354 individuals) partici-
pated in the health examination. The health examination included a
structured examination by a physician, health interviews and series of
laboratory tests, including ECG recordings. Participants aged 80+ were
oversampled with a double sampling fraction.

All participants of the Health 2000 Survey sample, who were alive,
living in Finland on July 6th, 2011, had contact details available and had
not refused to participate in further surveys, were invited to take part in
the Health 2011 Survey. Of the invited subjects, 73.5% (n = 5903)
participated in the study, and 59.0% (n = 4729) participated in the 2011
health examination. To ensure the comparability of the two studies, the
aim was to use the same study methodologies in the Health 2011 survey
as in the Health 2000 survey, always when possible. More detailed de-
scriptions of the methods of the Health 2000 and 2011 surveys have
been published previously [10,11]. Ethical approval for the Health 2000
and 2011 surveys were obtained from the ethical committee at the
Hospital District of Helsinki and Uusimaa (HUS).

ECG registration and analysis

During the health examinations, a standard 12-lead resting ECG in
supine position was recorded from each subject with GE MAC 5000 or
MAC 5500 electrocardiographs (Freiburg, Germany and Milwaukee, WI,
USA) at paper speed of 50 mm/s and calibration of 10 mm/mV. The ECG
data were sent for further analysis to the Social Insurance Institution’s
research center in Turku, where the ECGs were analyzed with Magellan
software (Marquette Electronics Inc., Milwaukee, WI, USA). The Mar-
quette 12SL algorithm uses median complexes of the 10-s ECG tracing
and the onset of QRS is used as the isoelectric line. P-wave durations and
amplitudes of different parts of the P wave were automatically
measured, the measurement points were checked and corrected if
needed. A wave crossing the baseline level constituting an area of >160
pVms represented a separate wave. The P-wave duration was measured
from the earliest onset in any lead to the latest offset in any lead. Two
investigators at the Institute of Cardiology, Kaunas Medical Academy,
Lithuania, blinded to the clinical data performed the Minnesota coding
[12] for the Health 2000 ECGs. The repeatability of the Minnesota Code
was ascertained by a repeat analysis of 200 ECGs.
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Definition of P-wave abnormalities

We defined biphasic morphology in the inferior leads (II, III and aVF)
as follows: the amplitude of the initial part of the P wave >20uV and the
amplitude of the terminal part < -20uV. We chose a cut-off of 20 mV,
because changes below this magnitude were not recognized in a repro-
ducible manner on enlarged conventional ECG recordings [13]. We
defined advanced IAB as P-wave duration >120 ms combined with
biphasic P waves in at least two inferior leads and partial IAB as P-wave
duration >120 ms with maximum one biphasic inferior lead. For the
purpose of IAB analysis, ECGs with a P-wave duration <120 ms were
classified as normal. The validity of the definition was checked and
published before [2].

We defined PTF as the area (amplitude x length) of the negative
biphasic end of the P wave in lead V1 >6 mV x ms as was done in a
previous study [4].

In order to validate the definition of PTF, we manually reviewed and
measured 25 randomly selected ECGs with PTF and 50 ECGs without,
blinded to the clinical data and PTF status. For this purpose, digitalized
ECGs with a zoom of 20 mm/mV and 100 mm/s were used. In 72/75
(96.0%) ECGs the manual classification matched the computerized one.
In three ECGs with computer-calculated PTF, the area of the negative
distal part of the P wave in lead V1 was measured as <6 mV x ms with
manual analysis, and therefore the ECG was classified as normal.
However, in all of those cases, the P wave was defined as biphasic both
in manual and computerized analysis.

Study covariates

Trained study personnel performed the health interview, and they
followed a structural detailed written instruction to gather information
about pre-existent diseases. Examining physicians performed another
structured interview and physical examination in the year 2000. We
included data on prevalent diseases from the Care Register for Health
Care (CRHC) maintained by the National Institute for Health and Wel-
fare. CRHC contains data of all inpatient episodes in Finland at the in-
dividual level since 1969 and on outpatients since 1998. The accuracy of
the register has been validated previously [14]. Information about
medication was gathered by trained interviewers and in addition, data
on drug purchases since 1995 and special drug reimbursements since
1964 were gathered from a separate registry (Statistics on re-
imbursements for prescription of medicines: The Social Insurance
Institution of Finland).

High-density lipoprotein (HDL) cholesterol and plasma glucose
concentrations were determined from venous blood samples with a
clinical chemistry analyzer (Olympus, AU400, Hamburg, Germany).
Low-density lipoprotein (LDL) cholesterol was calculated using the
Friedewald formula. The diagnosis of diabetes mellitus (DM) included
fasting serum glucose (fS-Gluc) >7 or a history of use of oral glucose
lowering agents or insulin injections [15]. Height and weight were
measured, and body mass index (BMI) was calculated. Blood pressure
was measured from the right arm with a standard mercury manometer
(Mercuro 300; Speidel & Keller, Jungingen, Germany). An average of
two measurements was used, of which the first one was measured after
rest for at least 5 min in sitting position. Arterial hypertension (HTA)
was defined as blood pressure >140/90, a previous diagnosis of HTA in
the CRHC (ICD-10 I10, ICD-9/8 401) or right for special drug re-
imbursements for HTA. Smoking was determined as a daily use of cig-
arettes at the time of the interview. Left ventricular hypertrophy in the
ECG (ECG-LVH) was defined by Minnesota code criteria 3.1, 3.3 or 3.4
or Cornell voltage criteria calculated from ECG measurements. Wide
QRS was defined a QRS-duration >120 ms. Intraventricular conduction
disorder (IVCD) was defined by Minnesota code criteria 7.1-8. Classi-
fication of CHD required at least one of the following: diagnosed
percutaneous coronary intervention (PCI) or bypass surgery in the
health interview, ICD-codes 120-25 (ICD-10) or 410-14 (ICD8/9) in the
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CRHC, the right for drug reimbursements for CHD, interventional code
for coronary artery revascularization in the CRHC or diagnosed angina
pectoris, myocardial infarction, percutaneous coronary intervention
(PCI) or bypass surgery, stated by examining physician.

Follow-up and definition of AF

The data for mortality and causes of death were gathered from the
Causes of Death register maintained by Statistics Finland. It contains
100% of deaths of Finnish citizens in Finland and almost 100% abroad.
Information on the incident diseases were obtained from the CRHC and
information on new drug reimbursements were obtained from The So-
cial Insurance Institution of Finland’s separate registry. Databases were
linked using a personal identity code.

The endpoint of the study was new-onset AF. We defined AF based on
the Minnesota code criteria 8.3 in the ECG at the baseline (year 2000),
ICD-codes 148 (version 10), 4273 (9) or 42792 (8) in the CRHC and
Causes of Death register, right for drug reimbursement for dronedarone
or direct oral anticoagulants with diagnose-code (ICD-10) 148 or right
for special drug reimbursements for AF. The follow-up lasted until the
end of the year 2015.

Exclusion criteria

From those 6354 participants, who participated in the health ex-
amination in the year 2000, we excluded subjects with missing ECG data
(n = 55). Of them, the recording was not successful in 36 participants,
while in 19 subjects, the ECGs were lost during the further process. We
excluded subjects with prevalent AF or atrial flutter diagnosed from
study ECGs or registries as defined previously (n = 204), ectopic atrial
rhythm defined as totally negative P waves in the inferior leads (II, III
and aVF) in computer analysis in both ECGs (years 2000 and 2011) (n =
31) and those with a heart rate over 120 bpm (n = 6) in both ECGs
leaving 6058 participants. In the analyses, where we studied the asso-
ciation between different clinical variables and incident P-wave abnor-
malities, we included only participants with ECGs available at both time
points and no incident AF before the year 2011 (n = 3224) (Fig. 1.).
From these analyses we also excluded participants with any P-wave
abnormality (pIAB, alAB or PTF) at baseline (N = 494) and any other P-
wave abnormality than the studied one in 2011. In the analysis of factors
associated with temporal change of P-wave abnormalities, we included
only participants with IAB (n = 958) or PTF (n = 131) in either of the
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study ECGs.

Statistical analyses

Comparisons of baseline variables was performed with one-way
ANOVA, unpaired t-test, Chi-square or Fisher’s exact test as appro-
priate. Lost to follow-up analysis between participants, who participated
in the re-examination versus those who did not, was calculated with
unpaired t-test or Chi-square test. The associations between clinical
factors and incident P-wave abnormalities were analyzed using binomial
logistic regression adjusted by age and multivariate adjustment
comparing subjects who developed new P-wave abnormality to those
who did not develop P-wave abnormality (=reference). To study the risk
factors for temporal change of P-wave abnormalities, binomial logistic
regression was used among participants with IAB (partial and advanced)
and PTF in either ECGs. In these analyses, participants with retained/
worsened P-wave abnormalities were compared to participants with
improvement of the P-wave abnormality (=reference). Multivariate-
adjusted models included all the studied parameters as covariates. To
study the prognostic significance of IAB and PTF for the development of
new AF in the follow-up period, we used Cox regression analysis with
time-varying covariates at the two different time points (2000 and
2011). We tested the proportional hazard assumption with Schoenfeld
residuals, and no violation of the assumption was observed. In these
analyses we used the following parameters from the year 2000 for
multivariate adjustment: age, sex, BMI, HDL cholesterol, LDL choles-
terol, HTA, DM, CHD, smoking and ECG-LVH. Analyses were performed
with SPSS (versions 25 and 27) and R 4.0.3. Statistical significance was
based on two-sided p < 0.05.

Results
Study sample

The mean age of the included Health 2000 participants with ECGs
available at both study time points was 47.86 years (standard deviation
[SD] 11.12 years) at baseline. Table 1 shows the baseline characteristics
of these participants divided by P-wave pathology. Participants with P-
wave abnormalities were significantly older than those without. They
were also more likely to have higher BMI, HTA, higher LDL cholesterol,
ECG-LVH, IVCD and beta blocker in use. Participants with IAB were also
more likely to be men, have DM, CHD, lower HDL cholesterol and wide

Time dependent Cox survival analysis, n=6058

Fig. 1.. There were 6058 eligible Health 2000

I

participants who were followed until the end of
2015 and new diagnoses of atrial fibrillation were

observed. In the analyses, where we studied the

Incident AF before 2011 (n=368)
Deceased before 2011 (n=670)
Drop-out/no ECG 2011 (n=1796)

ECG available from
both study points

(n=3224)
Risk factors for incident /
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14

Health Health FO”OW-Up association between different clinical variables and
2000 2011 2015 incident P-wave abnormalities, we included only
participants with ECGs available at both time

Excluded: points. In the analysis of factors associated with

temporal change of P-wave abnormalities, we
included only participants with IAB or PTF in either
of the study ECGs. n=Number of Participants in The
Analysis, (n)=Number of Participants per Group,
AF=Atrial Fibrillation, pIAB=Partial Interatrial
Block, alAB=Advanced Interatrial Block,
IAB=Interatrial Block, PTF=P Terminal Force.

*and no other P-wave abnormality besides the studied one in 2011.
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Table 1
Baseline characteristics of the included Health 2000 and 2011 Survey participants (n = 3224).
P wave <120 ms Partial IAB Advanced IAB No PTF PTF
n/mean %/(SD) n/mean %/(SD) n/mean %/(SD) p value n/mean %/(SD) n/mean %/(SD) p value
N 2778 86.2 426 13.2 20 0.6 3132 97.1 92 2.9
Age 47.30 (10.95) 51.18 (11.52) 56.20 (10.51) <0.001 47.61 (10.99) 56.43 (12.10) <0.001
Men 1151 41.4 244 57.3 16 80.0 <0.001 1368 43.7 43 46.7 0.560
BMI (kg/mz) 26.30 (4.30) 27.49 (4.42) 29.83 (5.06) <0.001 26.44 (4.33) 27.52 (4.56) 0.019
Smoking 525 19.0 83 19.5 6 30.0 0.446 592 19.0 22 23.9 0.235
Hypertension 959 34.6 186 43.7 11 55.0 <0.001 1101 35.2 55 59.8 <0.001
Diabetes 77 2.8 18 4.2 3 15.0 0.009 93 3.0 5 5.4 0.202
CHD 81 2.9 21 4.9 3 15.0 0.004 100 3.2 5 5.4 0.224
HDL (mmol/L) 1.37 (0.37) 1.31 (0.34) 1.16 (0.29) 0.001 1.36 (0.37) 1.37 (0.39) 0.735
LDL (mmol/L) 3.76 (1.12) 3.95 (1.07) 3.49 (1.41) 0.003 3.77 (1.11) 4.16 (1.26) 0.001
ECG-LVH 464 16.7 91 21.4 5 25.0 0.041 526 16.8 34 37.0 <0.001
Wide QRS 46 1.7 23 5.4 1 5.0 <0.001 66 2.1 4 4.3 0.138
IVCD 175 6.3 55 12.9 3 15.0 <0.001 217 6.9 16 17.4 <0.001
Beta blocker 201 7.2 63 14.8 5 25.0 <0.001 252 8.0 17 18.5 <0.001
ACEI/ARB 144 5.2 24 5.6 2 10.0 0.592 166 5.3 4 4.3 1.000

BMI = Body Mass Index, CHD = Coronary Heart Disease, HDL = High-density Lipoprotein, LDL = Low-density Lipoprotein, SD = Standard Deviation, n = Number,
ECG-LVH = Left Ventricular Hypertrophy in ECG (Minnesota 3.1, 3, 4 and Cornell voltage criteria), IVCD = Intraventricular Conduction Delay, ACEI = Angiotensin-

converting Enzyme Inhibitor, ARB = Angiotensin II Receptor Antagonist.

QRS in the ECG. The prevalence of co-morbidities was higher among
participants with advanced IAB compared to participants with partial
IAB and normal P-wave duration.

Compared with the subjects, who participated in both the Health
2000 study and the re-examination in 2011, the non-participants of the
re-examination, were more likely male, were older, had higher BMI,
lower HDL cholesterol, more often HTA, DM, CHD, ECG-LVH, IVCD and
QRS > 120 ms, used beta blockers, angiotensin-converting enzyme in-
hibitors (ACEI) or angiotensin II receptor antagonists (ARB) and were
active smokers (Appendix, Table 1). Reasons for non-participation were
death between the study time points (n = 670), and decision not to
attend the re-examination (n = 836); in addition, no ECG was available
for 960 subjects from the follow-up study — of these 879 did not attend
the health examination and 81 had no ECG recording for unknown
reasons.

Among those who developed new AF between 2000 and 2011 (n =
368), the prevalence of P-wave abnormalities in 2000 was 4.6% for
advanced IAB, 24.7% for partial IAB and 6.8% for PTF, and among those
who died 2.4%, 16.4% and 7.4%, respectively. The proportions of all
included Health 2000 participants divided by the outcome year 2011 are
presented in the Appendix (Tables 2 and 3).

The prevalence of P-wave abnormalities

Among participants attending both surveys (n = 3224), the preva-
lence of partial and advanced IAB in the baseline ECG was 13.2% (n =
426) and 0.6% (n = 20). The prevalence of IAB increased during follow-
up and in 2011 the corresponding percentages were 21.6% (n = 697)
and 1.6% (n = 51). P-wave duration was normal (< 120 ms) in both
ECGs in 70.3% (n = 2266) of the participants; 6.6% (n = 213) had partial
IAB and 0.2% (n = 5) had advanced IAB in both ECGs. In 16.2% (n =
523) of the population interatrial conductivity worsened and in 6.7% (n
= 217) conductivity improved (Fig. 2).

The prevalence of PTF in the baseline ECG was 2.9% (n = 92) and in
the 2011 ECG 1.8% (n = 58). In total 95.9% (n = 3093) of the subjects
did not have PTF in either ECGs, 0.6% (n = 19) had PTF in both ECGs,
and 79.3% (n = 73) of those who had PTF at baseline, had normal P
waves in 2011. New PTF in the 2011 ECG was detected in 1.2% (n = 39)
of the subjects. The prevalence and proportions of changed IAB and PTF
groups within the population are shown in Figs. 2 and 3.

Risk factors for incident P-wave abnormalities and temporal change of P-
wave morphology

Age, male sex, higher BMI, HTA and medication with beta blockers
or ACEI/ARB were associated with increased risk to develop new partial
IAB during the 11-year follow-up, while higher HDL cholesterol was
associated with lower risk (Table 2). Of these, age, sex, higher BMI and
use of beta blockers were independent risk factors in multivariable
adjusted analyses. The risk factors for the development of new advanced
IAB were age, LDL cholesterol, ECG-LVH and the use of ACEI/ARB, and
all of these were also independent risk factors after multivariate
adjustment. Only age and prolonged QRS over 120 ms were associated
with increased risk to develop new PTF and in the multivariate adjusted
model only age reached statistical significance.

Among participants with partial or advanced IAB in either ECGs
(2000/2011), higher BMI and HTA were associated with the risk for
worsened or persistent IAB status after multivariate adjustment
(Table 3), while higher HDL cholesterol and CHD were associated with
improved IAB status. Among participants with PTF, only age was asso-
ciated with the risk to have persistent/evolving PTF.

Prognostic significance of IAB and PTF

There were 6058 eligible participants in the year 2000 with a mean
age of 52.16 years (SD 14.60 years), and 45.0% were male. Table 4
shows the hazard ratios (HR) and their 95% ClIs for the risk of subjects
with IAB and PTF to develop new AF. There were 536 subjects with a
new AF diagnosis during the follow-up. Both partial and advanced IAB
associated with increased risk to develop AF in age adjusted (HR 1.42
[1.16-1.73, p = 0.001] for partial IAB and HR 1.96 [1.23-3.11, p =
0.004] for advanced IAB) and multivariate adjusted models (HR 1.28
[1.04-1.58, p = 0.020] and 1.72 [1.07-2.75, p = 0.024]), respectively.
PTF was not associated with AF in either analysis (HR 1.06 [0.74-1.53,
p = 0.740] and HR 1.06 [0.73-1.54, p = 0.747D).

Discussion

This prospective, population-based study with long-term follow-up
showed that P-wave abnormalities in the 12-lead ECG are often
reversible; the rate of normalization of partial or even advanced IAB was
surprisingly high. On the other hand, progression from partial to
advanced IAB was rare. We could also corroborate previous study
findings regarding the increased risk for new AF in subjects with partial
or advanced IAB. We also gained new insights into the risk factors for the
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n=7 n=35 n=11 n=5

n=39 n=19

PTF
n=58

Fig. 2. The prevalence of interatrial block (A) and P-terminal force (B) in 2000 and 2011 and temporal changes within the population. n=Number of participants,
pIAB=partial interatrial block, alAB=advanced interatrial block, PTF=P-terminal force

development of P-wave abnormalities with time.

The reversible nature of P-wave abnormalities

In the present study, nearly half (47.4%) of those, who had partial
IAB at baseline, had a normal P-wave duration 11 years later, and 75%
of those, who had advanced IAB at baseline, had partial IAB or normal P-
wave duration at follow-up. Furthermore, 79.3% of participants with
PTF at baseline did no longer have this P-wave abnormality 11 years
later. We conclude that IAB and PTF seem to be labile ECG manifesta-
tions during long-term follow-up. Similar conclusions were drawn from
a previous study, where Lehtonen et al. (2017) [8] studied P-wave
duration, PTF (> 4 mV x ms) and P-wave axis in the same population.
Apart from these studies, the labile nature of P-wave abnormalities has
not been well documented in the general population. In hypertensive
patients, treatment shortened the maximal P-wave duration [16]. It is
not known whether this seemingly favorable change reduces the risk of
AF as well. A previous study also showed that in acutely ill cardiac

16

patients (acute myocardial infarction in the majority), there was an
association between left ventricular filling pressures and PTF; when
pressures dropped to normal, the ECG change returned to normal as well
[17]. In the present study, the number of subjects with prevalent P-wave
abnormalities was too low to enable analysis of the prognostic signifi-
cance of the normalization of P-wave pathologies.

It is possible that part of the fluctuation is explained by the change of
categories of participants with borderline P-wave abnormalities. It has
also been demonstrated that misplacement of the ECG electrode V1 may
result in a false ECG diagnosis of PTF based on an increase of the ter-
minal negative area of the biphasic P wave [18]. However, we consider
this as a rather unlikely confounding factor in this prospective study
with trained study personnel. Also, this analysis included only partici-
pants with EGCs available in both study points 11 years apart and no
prior AF. It is probable that participants with most advanced atriopathy
at baseline developed AF or died during the follow-up and were thus
excluded from the analysis.



Journal of Electrocardiology 73 (2022) 12-20

T. Istolahti et al.

'$9)BLIBAOD SB s1d)aurered palsi] 9yl [[e papn{dul spppow pajsnipe ajerreAnniy “IstuoSeiuy 101dedsy I uisusloIduy =

YV ‘1031qIYu] dWAZUY SUnISAU0-UIsuUaloIduy = [4DV ‘Ae[od UOIINPUOD JRNILNUSARIUI=JDAI ‘(B1I911I2 938I[0A [[9UI0D) PUR § ‘€ ‘"¢ Blosauuly) HDOF ul AydonodAH Ie[ndInuaA 19T = HAT-DDH ‘ureloidodr] AJisusp
-moT = QT ‘ureloxdodry A)susp-ySIH = TAH ‘@sessiq MeaH AreuoioD=qHD ‘xopu] sse] Apog=TIAd ‘TeAISIU] DUSPLHUOD=]D ‘@210, [EUTULID], d=:1.Ld O0[d [ELIIEISIU] PadUBADPY = gV]e “No0[d [elne1aiu] [enred = gvid

SJUIA? ON SjuLAd ON GE0'0 (81'8-80°T) £L6°C L10°0 gL€TD 1TE €120 (€0z-Ss8'0) TE'T L10°0 ¥'2-60'1) €9'T qIV/T40V
0SC°0 (05°6-95°0) 0€°C 8¥°0 (86'5-S¥'0) S9'T 620 (#8°'1-80°0) 80 S62°0 (86'T-1T°0) 9+°0 6¥0°0 (81'2-00'T) 8%'T ¢10°0 (CTTT-0T'T) LS'T 19300[q Blog
6950 (90°6-0€°0) ¥9'T 6110 (€8'6-4L°0) SL'T S61°0 (92°'8-59°0) TE'C S9€°0 (#0'5-SS'0) L9'T ¥62°0 (66'1-18°0) LT'T er1o (66'T-16°0) ¥€'T ADAI
1110 (P2 1S-£9°0) S8'S 8¢0°0 (€8'82-1C°1) 18°S S9%°0 (88'+-€0°0) 6€°0 GE8'0 (12°01-S1°0) ST'1 G890 (#9'2-€50) 8T'T ¥91°0 (6£€-18'0) 99°'T SYO 2pIM
18%°0 (99'v-6¥°0) 0S'T 891°0 (I€Y-150) 8¥'T 0€0°0 (16'v-60'1) 1€°C 0C0°0 (86'v—ST'1) 6€°C 6420 (€S'1-88°0) 9T'T L ZAN] (45'1-26°0) 02'T HAT-504
£98°0 (£9'1-S9'0) +0'T ¥64°0 (#9'1-89°0) 90'T C10°0 (ITZz-0TD TSI 900°0 (STZHT'D)9S'T Sv9°0 (£0°'1-68°0) 86°0 146°0 (0T°'1-16'0) 00'T (T/10ww) 1qT

T
SyT0 (TL'L-650) ¥1'C £60°0 (¥S°£-S8°0) €S°C ¥L°0 (€572-42°0) €8°0 6€€°0 (99°'1-€2°0) 290 669°0 (6¥°1-44°0) LO'T 100°0> (€£°0-1¥°0) S50 ) ‘MQE
2880 (60°8-60°0) ¥8°0 0280 (82°9-01°0) 6£°0 SS6°0 (S2°S5-12°0) SO'T 1490 (22€-91°0) 2L0 0€T0 (9T°'1-2€°0) 19°0 €610 (LY 1-S¥°0) 18°0 dHd
2920 (1S'1€-6€°0) 1S°€ 0v9°0 (S9°21-12°0) €9°'T €490 (41°5-80°0) +9°0 S¥8°0 (61°9-11°0) 280 £89°0 (85°'1-0S°0) 68°0 892°0 (9€2-640) 9€'T s932qelq
869°0 (20v-6€0) 921 €680 (#0°€-0¥°0) OT'T €¢L0 (1£2-05°0) LT'T 0ST°0 (£8°€-18°0) LL'T 65S°0 (8¢ 1-¥8°0) 80'T 100°0> (002-82°1) 09T uorsuaRdAH
090°0 (80°6-96'0) S6°C SOT°0 (1T°L-€8°0) Sb'C 6€C0 (08°'1-0T°0) 1+°0 GST°0 (#8°'1-0T°0) €+°0 0€Y°0 (6T°1-£9°0) 68°0 creo0 (ST'1-99°0) £8'0 Supjows
2990 (IT°'1-58°0) 046°0 91¥°0 (80'1-+8°0) S6°0 ¥8%°0 FT'T-¥6'0) +O'T 0920 (PT°'1-£6'0) SO'T 100°0> (ET'T-£0D) OT'T 100°0> (€ET'T-80'D OT'T (w/8Y) ING
0€T0 (2€'1-11°0) 6€°0 6S1°0 (L€°'T-ST°0) S+°0 6v1°0 (18'€-28'0) 92T €ET0 (Pp'e-S8°0) 12T 100°0> (SPTHS D161 100°0> #eTSSD 16T Xos J[eIA
800°0 (ET'T-20°D) LO'T 100°0> passnfpeun 100°0> TUT+%01) 80T 100°0 passnfpeun 100°0> (€0°'T-T101) 20'T 100°0> paisnfpeun a3y
(ET'T+0D) 80T (ET'T-£0D) OT'T #0'1-20°'1) €0°'T
anfea paisnipe paisnipe anfea paisnipe
-d oeureAnny  onfea-d o8e yim paisnfpy  onjea-d QreLIRARNA -d a8e yym paysnfpy  anfea-d SjeureAnN  anjea-d a8e yum paysnlpy
81 = u ([ID %S6] oney sppO) 41d €€ = U ([ID %S6] oney sppO) dvie 8vb = U ([ID %S6] oney sppo) avid
"110T Tea£ Leuriouqe saeM-d Juaprour do[oAap 03 uoIssa13a1 d1sISO[ ATeulq pue S3[qRLIBA [BIIUID 0007 1894 "A[eULIouqe sAeM-d Mau dO[aA3p 03 SI030eJ ST
(AL
= ' =N L 4d B O L= oW © o =) %0 o5 L o
N AEENsA B3 FEST 292852 EELE 08 3
— — w  Z > R CeoogA®© 8 Wstwntaloﬁ...m.lcs ]
© © = = . g .= M 5 — © 9 ~ o 8 2 »wwup o5 2 5]
Py £ W= = & A acrAagHAOWMW,nCS O3 2d@3=253 0 =]
V.1MMN FSS Eo o= 22 s egsVEgg R SEER _ ESTEEwg8S S
BO Py WN /8 o O 9 "oy Ob yHﬂSS tsahwtr_o.l = A, [}
N © oZ N 3] =S o 0 w =) ©w g - >
<“Sm N | T S, EBEE R 8RB e 8 m 28 55 & g
S i 5 § S ySuifE8eo 85855 EEEEE 3
Q> U Eg " OEQgB8Y-LEEFB S aSssg 8y e 2
< > 19 =28f8ECgg 588 S8, "EE5 98888 @
= = <YL aBg MDS&C > 438 v d 07 =] =
—_ =9 § 5538 °TRBERc¥fwc8ZEcEB8g5E 2
=) Mn\E S — S = ) jani=1 &L g 05 v .8 rrmoem k5]
N . Ss F $EEEyffsyffftiSEiEgEstcis
T2 o & 7 g “Ec g3 8o 588 oEgBAE S =2 viE
£ o S E S wEFgOoS5E&E Mg EFESE L Sl S8SgTwT B
ol S S S 58 9cE828c5E~-2889g ., 28088 EE " 32g E
= Z o £3 Yy 5223 EEL 0T ES3L8EEgasBR"ESE &
o o = 1] o ap aIVJﬂwaovmgeoeVJhrt.m.ma &
] 4 m.mc 2 .nfmwﬁpmwhorm.mnwmrPmHtmcﬂM «n <
o N q = . 2 . g X 9]
N B%r . Vg Ay nowlhmlﬁWym.. wmmsmwmg%h MSH ..m
N © © > g8 vz Euyw 4 EQ s 8 & 2 5 0 &= O & O 5
\ R o £8 T 81725525 ZECFE88E8ECEFE &8
N o > > ~ = SSV.“.S thnr -5 H nwe= & & (=1
N 4 L2 S SEE8ERYLEOCSISSE 50 U — o o 850 ®T = o o
S o A~ g T &= = » 25w S 8 8SS5 9 B9 S 0.8 £
— LS S bwm.lytreMBW.H Mt.m.l memk
< uF e ET. 5 S35 iSE_23%LS89tsiiryLigy o
o = ~ 3 .=
=5 Ee 282 3 3933sE.ZgE5EcafaitEEEgatE =
~ ) O 2 5 = 2 > = g — (SR = o] = = Q5 Y g =
I} 00 50 ] < =1 U = =2 o O == < et
3 Zz £2y 5 $ESE°Pos82ESESFSSE23 0 g E E
o = =2Es ks gTdCHWl.lr%mbtuhLDee.m.lV% 8 & = 5}
Z= S g 3 S SorEa<3-£852wgcRegg=c8EEE &
= 528 & 8ESAS8Ng3288:E555E8f88EwS 88 g
g8 2 mﬂaﬂaHmsnmmoetrAvamramm_.mba S
£ ot 2 QEESE:zESSLES S84SR BeusET nE < &
T ¥ ¥ =¥ = = e s — s SS88 ., EES3SECg3Beegl acmZE 8w gs  E
3 3 3 3 3 3 X 2 2 X N X ) 2 EScERLEgw A 2,03 w”g oE X2 g3 Eo5 &
= o o = o o o o P=) o P=) o = 56 S 2 7T dPFOMm%anCHryh%andSb o
2 ® @ ¥ S ® © ¥ « Fg. § $SFEL8SSf88S5P5STCEsaL82EE S
. . o ] 3 E= S = s} <
< - 3.&..% fWetamheHCS..mLmrda‘mmum .nl.am«..m.u%ham‘v =]
o 55E % " sES87s0325Ef.sisESEEEsEEn
o = . = > —_ [ = =
ESz & T ErL<5:x2808RAascERAECDn s AT EER A

17



T. Istolahti et al.

Table 3

Journal of Electrocardiology 73 (2022) 12-20

Risk factors for temporal change of P-wave abnormalities. Risk factors for year 2000 detected P-wave abnormalities (IAB and PTF) to persist or progress year 2011.
Binomial logistic regression. Number of participants in the analysis was 958 for IAB and 131 for PTF.

IAB (Odds Ratio [95% CI])

PTF (Odds Ratio [95% CI])

Adjusted with age p-value Multivariate adjusted p-value Adjusted with age p-value Multivariate adjusted p-value

Age (unadjusted) 1.01 (1.00-1.03) 0.092 1.01 (0.99-1.02) 0.352 1.04 (1.01-1.08) 0.012 1.04 (1.00-1.09) 0.036
Male sex 0.87 (0.64-1.19) 0.384 0.93 (0.66-1.32) 0.698 1.30 (0.64-2.67) 0.469 1.31 (0.57-2.98) 0.526
BMI (kg/mz) 1.08 (1.04-1.12) <0.001 1.07 (1.02-1.12) 0.002 0.98 (0.90-1.07) 0.708 0.97 (0.87-1.07) 0.511
Smoking 1.44 (0.99-2.11) 0.060 0.69 (0.47-1.03) 0.070 1.11 (0.47-2.61) 0.821 1.27 (0.50-3.26) 0.619
Hypertension 1.81 (1.30-2.51) <0.001 1.47 (1.02-2.11) 0.037 1.16 (0.56-2.39) 0.698 1.35 (0.57-3.20) 0.501
Diabetes 0.73 (0.36-1.49) 0.387 0.58 (0.27-1.22) 0.148 0.44 (0.08-2.47) 0.349 0.31 (0.04-2.61) 0.281
CHD 0.47 (0.24-0.94) 0.032 0.47 (0.22-1.01) 0.053 3.42 (0.66-17.83) 0.144 2.65 (0.32-21.74) 0.364
HDL (mmol/L) 0.63 (0.41-0.98) 0.040 0.82 (0.49-1.38) 0.454 0.83 (0.34-1.99) 0.674 0.83 (0.28-2.47) 0.740
LDL (mmol/L) 1.04 (0.90-1.19) 0.629 0.97 (0.84-1.12) 0.684 0.90 (0.66-1.23) 0.509 0.92 (0.65-1.30 0.644
ECG-LVH 1.46 (0.98-2.18) 0.061 1.45 (0.96-2.19) 0.081 0.59 (0.28-1.28) 0.182 0.46 (0.19-1.14) 0.093
Wide QRS 0.79 (0.38-1.66) 0.538 0.87 (0.37-2.09) 0.761 0.55 (0.11-2.73) 0.467 0.79 (0.12-5.36) 0.806
IVCD 0.85 (0.53-1.38) 0.522 0.88 (0.50-1.53) 0.639 0.62 (0.23-1.70) 0.351 0.68 (0.20-2.29) 0.537
Beta blocker 0.93 (0.59-1.48) 0.764 0.90 (0.52-1.53) 0.691 1.82 (0.73-4.55) 0.201 1.50 (0.44-5.10) 0.517
ACEI/ARB 1.27 (0.68-2.38) 0.452 1.04 (0.54-2.02) 0.906 No events No events

IAB = Interatrial Block, PTF = P Terminal Force, CI = Confidence Interval, BMI = Body Mass Index, CHD = Coronary Heart Disease, HDL = High-density Lipoprotein,
LDL = Low-density Lipoprotein, ECG-LVH = Left Ventricular Hypertrophy in ECG (Minnesota 3.1, 3, 4 and Cornell voltage criteria), IVCD=Intraventricular Con-
duction Delay, ACEI = Angiotensin-converting Enzyme Inhibitor, ARB = Angiotensin II Receptor Antagonist. Multivariate-adjusted models included all the listed

parameters as covariates.

Table 4

Prognostic significance of IAB and PTF to develop new AF during the follow up period. The Cox regression analysis with time varying covariates at two different time

points years 2000 and 2011, with the follow up lasting until 2015.

Hazard ratio (95% CI)

AF diagnoses/participants % Adjusted with age p value Multivariate adjusted p value
Normal (P wave <120 ms) 388/5132 7.6 1 1
Partial IAB 129/862 15.0 1.42 (1.16-1.73) 0.001 1.28 (1.04-1.58) 0.020
Advanced IAB 19/64 29.7 1.96 (1.23-3.11) 0.004 1.72 (1.07-2.75) 0.024
No PTF 502/5827 8.6 1 1
PTF 34/231 14.7 1.06 (0.74-1.53) 0.740 1.06 (0.73-1.54) 0.747

IAB = Interatrial Block, PTF = P Terminal Force, CI = Confidence Interval, AF = atrial fibrillation. Parameters used in multivariate adjustment: Age, Sex, High-density
Lipoprotein Cholesterol, Low-density Lipoprotein cholesterol, Body Mass Index, Hypertension, Diabetes Mellitus, Coronary Heart Disease, Smoking and Left Ven-

tricular Hypertrophy in ECG.

advanced IAB included, in addition to age, ECG-LVH, higher LDL
cholesterol and use of ACEI/ARB medication. The association with
ACEI/ARB is interesting as they are potential preventive medications for
IAB, at least based on results from AF patients [22]. Furthermore,
antihypertensive treatment with losartan was effective in reducing left
ventricular mass according to ECG-LVH [23]. The most probable
explanation for the association may be that the use of these medications
generally reflects more severe overall cardiovascular risk. However,
there is a lack of prospective studies about the effects of medical therapy
to prevent or reverse IAB. Only higher age and wide QRS complex were
associated with increased risk to develop new PTF, and only higher age
associated with increased risk of new PTF or persistence of the ECG
parameter.

Surprisingly, the associations with cardiovascular risk factors and
the development of P-wave abnormalities were not particularly strong.
Thus, it is likely that there are additional, yet unknown, factors leading
to the development of P-wave abnormalities, which also explain part of
the AF burden in the population. For example, multiple genetic loci have
been associated with prolonged P-wave duration. Furthermore, adding
complexity, some of the genetic loci associated with increased P-wave
duration have been associated with reduced risk of AF [24]. In addition,
the susceptibility to inflammation and fibrosis in the atria may differ
markedly between subjects, and diet may also play a role [25,26]. Thus,
future effort should be directed to identifying and understanding yet
unknown risk factors of atrial cardiomyopathy.

Prognostic significance of IAB and PTF

Like in our earlier study about IAB and its subgroups in the general
population [2], we found that partial and advanced IAB were associated
with increased risk of AF during long-term follow-up. Many previous
studies in the general population [3,27], as well as in many different
clinical situations [28], have come to the same conclusion. In our study,
the HRs were higher among participants with advanced than with par-
tial IAB; this was also shown in a large population study in which the risk
seemed to increase with the number of affected biphasic inferior leads
[3].

We did not find any increased risk of AF among participants with
PTE. Previous studies also have shown conflicting results regarding the
association between PTF and AF [29]. A recent study [30] showed that
apart from the classical advanced IAB morphology with conduction
disturbances through the Bachmann’s bundle, additional conduction
disturbance in the posterior left atrium led to development of a severely
prolonged amplified P wave, lacking the biphasic morphology in the
inferior leads. Our study did not include amplified P waves, and it is
possible that some cases with further atrial damage presenting with a
short positive initial part and a long low-amplitude terminal part of the P
wave were classified as having normal P waves.

A well-grounded hypothesis has been presented suggesting that
subjects at high risk of stroke with advanced IAB might benefit of early
anticoagulation therapy already before an AF diagnosis [28,31]. Even
though we found an association between IAB and increased risk of AF,
this study revealed that P-wave abnormalities were highly labile during
11 years follow up. This finding seems to complicate the issue of
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therapeutic measures in IAB patients, although the prognostic signifi-
cance of reversal of P-wave abnormalities remains unknown.

Study limitations and strengths

This was a large population study with 6058 participants at baseline.
Nevertheless, some of the groups studied remained small-sized. The
study protocol with ECGs 11 years apart is a strength of our study.
However, we have to consider the possibility that the participants with
the most severe P-wave changes did not attend the follow-up survey,
because of death or study exclusion due to AF between the study time
points. We used the PTF definition of >6 mV x ms instead of the more
often used >4 mV x ms, which reduces the risk of PTF overestimation
due to misplaced V1 electrodes [18]. However, the possible misplace-
ment of the electrode V1 is a limitation in PTF studies even though we
consider it less likely to happen in research circumstances than in clin-
ical practice. We used computer-based measurements of the ECG, as
manual analysis of the P-wave morphology may be difficult because of
the small P-wave amplitudes, disturbing artefacts and because it may be
difficult to get a reliable detection of the end of the P wave. Automatic
measurements may help to correct for these factors and the repeatability
of automated measurements is excellent. To study the prognostic sig-
nificance of P-wave abnormalities we used time-varying Cox regression,
which allowed us to consider timely changes in the studied ECG
variables.

Data of prevalent and incident AF were mainly collected from na-
tional registers, but it is possible that some AF paroxysms diagnosed in
primary care were not included in our analysis. It is also possible that
subclinical paroxysmal AF, which was not possible to control for in the
study population, may have influenced the results. Also, as in most
studies from the general population, we could not correlate our study
results with echocardiographic or other imaging data.

Finally, apart from IAB and PTF, our study did not explore the sig-
nificance of other P-wave abnormalities, such as P-wave area [32], P-
wave axis [33], P-wave voltage [34] and P-wave dispersion [35].

Conclusion

Partial and advanced IAB are risk factors for AF development. The
risk factors for new P-wave abnormalities include traditional cardio-
vascular risk factors such as HTA, higher BMI and higher LDL choles-
terol. According to our study results, P-wave abnormalities are highly
labile during long-term follow-up in the general population. Therefore,
we think that the prognostic significance of normalization of P-wave
abnormalities needs to be explored before considering therapeutic in-
terventions based on IAB or PTF.
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